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PREFACE. 


Asiong the Dictionaries of Arts and Sciences which liave been published, of late years, 
in various parts of Europe, it is matter of surprise that Philosophy and Mathematics 
should have been so far overlooked as not to be thought worthy of a separate Treatise, in 
this form. These sciences constitute a large portion of llie present slock of human know¬ 
ledge, and have been usually considered as possessing a degree of importance to which fe\s' 
others are entitled; and yet we have hitherto had no distinct Lexicon, in which llieir consti¬ 
tuent parts and technical terms have been explained, with that amplitude and precision, 
which the great improvements of the Moderns, as well as the rising dignity of the Subject, 
seem to demand. 

The only works of this kind in the English language, deserving of notice, are Harris’s 
Lexicon Technicum, and Stone’s Matlicmatical Dictionary ; the former of which, though a 
valuable performance at the time it was written, is now become too dry and obsolete to be 
referred to with pleasure or satisfaction: and Uie latter, consisting only of one volume in Svo, 
must be regarded merely as an unfinished sketch, or brief compendium, extremely limited 
in its plan, and necessarily deficient in useful information. 

It became, therefore, the only resource of the Reader, in many cases where explanation 
was wanted, to have recourse to Chambers’s Dictionary, in four large volumes folio, or to 
the Encyclopjedia Britannica, now in eighteen large volumes 4to, or the still more stupendous 
performance of the French Encyclopedists; and even here his expectations might be fre¬ 
quently disappointed. These great and useful works, aiming at a general comprehension of 
the whole circle of the Sciences, are sometimes very deficient in their descriptions of parti¬ 
cular branches; it being almost impossible, in such extensive undertakings, to appreciate, 
with exactness, the due value of every article. They are, besides, so voluminous and lictero- 
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.cnccus in tl.ci,- nature, as to renter a frequent reference to them extremely inconvenient; 
anri even if this rvere not the case, their high price puts them out of the reach of the gene- 

ralitv of readers. 

With a view to obviate these defects, the Public are here presented with a Dictionary 
of a moderate size and price, which is devoted solely to Philosophical and Mathematical 
subjects, h is a work for which materials have been collecting through a course of many 
years ; and is the result of great labour and reading. Not only most of the Encyclopedias 
already extant, and the various publications of the Learned Societies throughout Europe, 
have been carefully consulted, but also all the original works, of any reputation, which have 
hitherto appeared on these subjects, from the earliest writers down to the present times. 


I'lio.M the latter of these sources, in particular, a considerable portion of information has 
been obtained, which the curious reader will find, in many cases, to be liighly interesting and 
important. The History of Algebra, for instance, which is detailed at considerable length 
in the first volume, under the head of that article, will aftbrtl sufficient evidence to show 
in what a superficial and partial way the inquiry has been hitherto investigated, even by 
professed writers on the subject; the principal of whom arc M. Alontucla, our countryman 
the celebrated Dr. Wallis, and the Abb^ Dc Gua, a late French author, who has pretended 
to correct the Doctor’s errors and misrepresentations. 

Rkgular historical details arc in like manner given of the origin and progress of each 
of these Sciences, as well as of the inventions and inprovements by which they have been 
gradually brought from their first rude beginnings to their present advanced stale. 

« 

It is also to be observed, that besides the articles common to the generality of Dictiona* 
rics of this kind, an interesting Biographical Account is here introduced of the most cele* 
brated Philosophers and Mathematicians, both ancient and modern; among which will be 
found the Lives of eminent characters, who have hitherto been either wholly overlooked, or 
very imperfectly recorded. Complete lists of their works are also subjoined to each article, 
wlien they could be procured; which cannot but prove highly acceptable to that class of 

readers, who are desirous qf obtaining the most satisfactory information on the subjects 

) 

of tbeir particular inquiries and pursuits. On the head of Biography, however, the Author 
has still to lament the want ol many other respectable names which he was desirous to havo 
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added to his list of aullmrs, not i.aving been able to procure any circumstantial accounts ot 
their lives. He could l.ave wished to have comprised in his list, the lives of all sncii public 
literary characters as the University Professors of Astronomy, Philosophy, and Mallicinalicv 
as well as those of the other more respectable class of autliors on tliose snencos. He uiU 
therefore thankfully receive tlic communication of any such memoirs from tlie liands of gen¬ 
tlemen possessed of them; as well as hints and information on such useful improvement^ m 
the sciences as may have been overlooked in this Dictionary, or any articles that may lu re 
have been imperfectly or incorrectly treated ; that he may at some future time, hv a.hiu.g 
them to this work, render it still more complete and deserving the public notice. 


As this work is an attempt to separate the words in the sciences of Astronomy, Mathe¬ 
matics, and Philosophy, from those of other arts or sciences, in several ot winch there are al¬ 
ready separate Dictionaries ; as in Chemistry, Geography, Music, Marine and Naval aflairs, 
&c; words sometimes occurred which it was rather doubtfuUwhcther they could be consi¬ 
dered as properly belonging to the present work or not; in wl.ich case many of such words 
have been here inserted. But such as appeared clearly and peculiarly to belong to any ot 
those other subjects, have been either wholly omitted, or else have had a very short account 
only given of them. The readers of this work tliercfore, recollecting that it is not a General 
Dictionary of all the ArU and Sciences, will not expect to find all sorts of words and subjects 
here treated of: but such only as peculiarly appertain to the proper matter of the work. 


And therefore, although sonic few words may inadvertently have been omitted ; yet when the 
Header does not immediately find every word which he wishes to consult, be will not always 
consider tliein as omissions of the Author, but for the most part as relating to some oilier 

science foreign to this Dictionary. 


In aU cases where it could be conveniently done, the necessary figures and diagrams arc 
inserted in the same page with the subjects which they are designed to elucidate; a method 
which will be found much more commodious than that of putting them in separate plates at 
the end of each volume, but, which has added very considerably to the ex pence of the un¬ 
dertaking. Wliere the subjects arc of such a nature that they could not be otherwise well re¬ 
presented, they arc engraved on copperplates. 

As the whole of this work was written before it was put to the press, the Reader will 
find it of an equal and uniform nature and construction throughout; in which respect many 
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piibiications of this kiiul are very defective, from the subjects being diffusely treated under 
the fust letters of the alphabet, while articles of equal importtince in the latter part are 
so niucli abrirlgod as to be rendered almost useless, in order that the whole might be 
comprised in a limited number of sheets, according to proposals niEfde before the works weie 
composed. The present Dictionary having been completed, without any of these unfavour¬ 
able circumstances, will be found in most cases equally instructive and useful, and niay be 
consulted with no less advantage by the Alan of Science than the Student. 


addition to the foregoins original account of this work, wc have to observe, that the 

O O O 

whole has been several times carefully perused, in order to correct, enlarge, and amend the 

several articles; that all the new discoveries and improvements in the sciences, since the 

first composing of tlie work, have been attentively collected and abridged, for introducing in 

this new edition ; that many new articles liavc been inserted in their places through the 

volumes, and even several of the chief articles of some of the other sciences &c, 

have now been included,—as Electricity, Galvanism, Voltaic pile, Acid, Alkali, Freezing, 

% 

New Planets and Comets, with numerous other similar articles; that a large collection of 
new and interesting lives of eminent authors have been inserted, as far as materials could 
be obtained, and the merits of the authors were deemed worthy of notice in this work; that 
several new plates and figures have been added ; that the pages have been considerably cn- 
. larged, and the printing so arranged and contrived as to include more matter in the 
sheets. In short, the alterations, additions, and other improvements, arc so numerous, 
and so large, as entitle tl>e present edition to be considered almost ns an entire new work. 
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_/\nA(’lSr, nil Aritlimcliciaii. In (Ills seine we fmd 
llu* v>onl UM‘<1 by William lA Malmobury, iii his History 
(le Anglofum, svrjili'ii about the year n3(); \'luie 

lie slioui llial one Oerbert, a leuniCil monk ot I rurice, 
who atiersvanis became pope of Home in ihc year or 
yyyi by the name ol Silwater tlie tlie lirsl wlio 

got irom the Saracens tlic abacus, ami that taught such 
rules concerning it, as the Abacisls themselves couKl 
hartlly uiiJcistand. 

ABACUS, in Arithmetic, an ancient iiHtrument used 
by most nations for casting up accounts, or pcitorming 
arithmetical culculjlions. it is by ^ginc derived Irom tlu‘ 
(ffeek wliicli signi/ics a cu(aboard or bcaufet, per* 

liaps from the similarity ot the form of'this instrument: 
and by others it is derived from the Phoenician ab<fk\ 
whicli signifies dust or powder, because it was said that 
this instrument was sometimes a square? board or tablet, 
which was powdered over with tine sand or dust, in winch 
were traced the figures or characters used in making cal- 
culations, which could tluncc be easily defaced, and the 
abacus refitted (&c Use. But Lucas Pneiolus, in the first 
part of his second tiislinctiun, thinks it is a corruption ot 
Arabicus, by whieh In* meant their Algorilhm, or tlie 
method of numeral computation received troui them. 

We tiiid tliii^ instrutnent in use for computation, uncicr 
stmic variations, witli most nations; as the Greeks, Ro* 
mans, Germans, French, CliitK*sc, 

The Grecian Abacus was an oblong frame, over which 
were stre tched several brass wires, strung with little ivory 
balb, like the beads of a necklace; by the various ar- 
rnngerneiits of which, all kinds of computations were 
easily made. Mahudel, in Hist. Acad. R. Inscr. torn. d. 
I*. 3yo. 

I he Homan Abacus was a little varit'd from llie Gre¬ 
cian, having pins blidiug in grooves, instead of strings or 
wires and beads. Philos. Trans*. No. 180. 

The Chinese Abacus, or Shwainpaii, like the C!rcciari, 
cotfKi'^ts of Severn I series of beads strung on brass wire's, 
strelched from the r<qi to the bottom of tlie instrument, 
and divided in the middle by a cross piece from side to 
side, lii^ the upper space every string has two beads, 
which are each couoled for 5; and in the lowe/ space 
every string has five beads, of dilfereiit values, ihe tirsl 
bid I ig counted as 1, the second a'* 1(1, the thin! U& 100, 
-and so on, as with its. See Siiwan-imn. 

VoL. 1. 


'1 he Abacus clueliy u^ed in ITjii>|'»mii Cciunhies, i 
noaily on ilie same principles, tliou-h iUv u^e c.( ii i> Uk .• 
more liiiulcd, btcause of the urbitrarj an<l uiu^jual divi- 
sion> ot money, wughls, and measures, wliicfi, in Chinn, 
are ail divided ui a tenfold proportion, like our ^cale oi 
common numbers. This is made by drawing any number 
of paiullel liiKf, like paper rulc<l for music, at such u di>' 
lance as may be at lea'll ecpial to twice the diameter of 
the culcuUiv, or . I hen the value i»f these lines, 

ami ol I he spaces beiwein thi in, increases, Irom the IowcnC 
to the highest, in a iiiUold proportion. Thus, countvis 
placed upon the first line, signify so many units or one^; 
on the second line lOV, oh tlie third hue 10i)*s, on tl*e 
fourth line lUUOV, and so on. In like manner a count* r 
(dated in the Jirsl space, between the first und second line, 
denotes 5f in the second s{>.ice 30, in the tliiid space 50Ch 
in the fourth jUUO, am! so on. So that there are nevei 
more than four couiilei's pUced on any lou*, nor more than 
one placed in any spacci this being of the same value as 
five counters on the next line below. Tbu^ the counteix 
on the .Abacus, in the tollovving figure, e.s|iress the inun* 
her or sum 


10000 
lOUO 
100 
10 

1 

Besides the above instruments of coiij|nUutioij, several 
others have been invented by dilVcnnl |'cr>*ons: as, Na* 
pier's Rods or Bones, describi cljn liis Rbubihd<*i:ia« which 
see, under the word NAPltlt ; also the Abacus KIiiiIkIo- 
lugicus, a variation of Napier's, wlocli is disciiln cl in the 
first vol. of Machines el Inventions apiMi>usees |iai I'Aca- 
deiuie Roy ale dcs Sciences. An ingciiuAis undgemiiil 'Uio 
was also invented by Mr. Gamaliel Sme<hiii>t, uiul is ile« 
scribed in the Philosophical I'ransacti vol. 40 ; whi le 
(he insehtor nmark** that coriiputatioii» by it arc mucii 
quicker and easier perforiiud thaii by lIu' pen, arv alS9 
^less billtiicnsoine to (he memorv,and can he pt rloiinrd 
by blind persons, or in the dark us \\eil us in the light. 
A very cuniprthenMVc instiumeid ol this kin<l was also 
contrived by the lute learned Dr. Nichoho ^aumleisnn, 
(lie blind piofcssiu ol mathcmuiicN, hy whicIi he performed 
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vcrvitUncalo calci.lafions : an account of it i> prefixed to 
tl.c lirM volume ofhU Ali;( lira, uliere it i> ailU-d by the 
editor I*nlj>al>le Anilu'j lie ; wbicli see. 

In the Kdinl.- Hex. 'ol. It*, p. 203, is the following neat 


accunin of \his 


iiistruinciU : — It is curious lo observe, 
tliat tiu term Cn/.u/ution itself claims no higher descent 
tlun from iakulu^. n pchtle. A table strewed with fine 
sand, the piihit triulitii- of ilu' |>oets, served both for 
tracing geometrical diagrams, and teaching the elements 
of wruing; a very primitive contrivance, but universally 
used iliroiighoul the Fast, from which it has lately been 
imported into this country. The board on which arith¬ 
metical operations were perlormed, at first by^means of 
pebbles, was named Abacus, from the Greek ; pro¬ 

bably because originally it was only a writing-table of a 
compendious form, and rlcsigned fur instructing cliildrcn 
HI tluir alphabet. 

Nfc f|ui /ff-aco ntimnos* el <cctO jn puU w metis 
S<ii fi'vis'v v»r»'r. Sil. i. la®. 


The Abacus was divided, from ihc right to the left 
Jiarul, by vortical columns, on which the pebbles wore 
placed, to denote, units, tens, hundreds, thousands, iac. 
The labour «l counting and arranging those pebble^ was 
nflerwards sinsibly abridged, by drawing across the board 
u hori;^ont:il line, above which, each single pebble had the 
powe r of 5. In the progress of luxury, M/i, or dies 
made of ivory, wore used instead of pebbles, and small 
silver coins came to supply the place of counters. But 
the operations with the al>acus were rendered still more 
commodious, by substituting for such tali or counters, 
small beads strung on parallel threads, and sometimes 
pegs stuck along grooves.—Accountaiits by profession, 
among the Romans, were hence ^yl«d calculatora, or ra- 
iionarii. Various cxpcHlients seem to have been employed 
for shortening the arithmetical operations. The dilTercut 
positions of the fingers were, for. that purpose, used to a 
certain extent. Boethius treated largely of the subject; 
and even the venerable Bede has given very dill use rules 
for what was callcMl digital arithmetic. 

But the application of the abacus itself was nut entirely 
forgotten at a much later period. Witness the small vo* 
lume of arithmetic, quaintly composed in the form of dm- 
loguo by Robert Rocordc, teacher of mathematics and 
practitioner in physic at Cambridge, during tlie reign of 
Edward vi; in which round dots, placed on perpendicu¬ 
lar Sines, and employed to express the succession of units, 
tens, hundreds, &c, arc made to perforin some of the sim¬ 
pler numerical operations.—A small instrument, entirely 
resembling the abacus, lias likewise at different times been 
recommended, for teaching the elements of ciphering, 
under the name of palpable arithmetic. 

Adacus, Pythagffrean, so denominated from its in* 
ventor, l^ythagoras, is a tabic of numbers, contrived (of 
readily learning the principles of arithmctict being pro¬ 
bably wjidi is now called the multiplication-table. 

An^cos, or Abaciscus, in Architcct\|ix', the upper 
part or member of the capital of a column; serving as 
a crowning both to the (;apital and to the whole column. 
Vitruvius informs us that the Abaevs was originally in¬ 
tended to represent a square fiat tile laid over an urn, or 
a basket; and the invention is ascribed to Colimachus, an 
ingenious statuary of Athens, who, it is said,*adoptcd it on 
observing a small baslcct, covered with a tile, over tbc 
root of an Acanthus plant, which grew on the grave of a 
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vouiig lady ; ilic plant shooting up, cncnmpassc.l the- bas¬ 
ket, till mccling with tin- tile, it curled buek lit :i kind of 
scroll: Calimachus passing by, took the hint, and imme¬ 
diately executed a capital on this plan; representing Hie 
tile by the Abacus, the loaves of the acai^thus by the vo- 
lutes, and the basket by the vase oi body of tlic capital. 


See .^c.\STlU's. 

Abacus is also used by Scamozzi for a concave mould¬ 
ing in the capital of the 'ruvcaii pedestal. And the word 
is used by Palladio for other members, which he describes. 
In ancient architecture, the same term is useil to denote 
certain compartments in the incrustation or lining ol the 
walls of state-rooms, ino5aic-[)avements,. and tlie like. 
There were Al'od of marble, porphyry, .ias^ier, alabaster, 
and even glass; variously shaped, as squ.ire, triangular, 
and such-like. 

Abacus Logisticus is a right-angled triangle, whose 
silks, about tlie right-angle, ctuitain all the mimbers from 
1 to 60 ; and its area, the products ol each two of the op¬ 
posite numbers. This is also CalUil a canon oj iciogtsi- 
tnah. and is jio other ihnii a multiplication-table curried 
to 60 both ways. 

Abacus el Palmulo'y in the Ancient Mu'-ic, ilenotc the 
machinery by which tlie strings of tlie poly|»lcctra, or in¬ 
struments of many strings, were struck, with a plectrum 
made of c]uills. 

Abacus Jlarnmnicui is used by Kircher for the struc¬ 
ture and disposition of fhe keys of a musical instrument, 
cither lo be toucind with the humis'or feel. 

Abacus, in (ieomelry, a table or slate upon whiclt 
schemes nr diagrams are drawn. 

ABATISj or Abaitis, from the Freiicli aOaltrc, to 
throw down, or beat down, in the Military Art, denotes 
a kind of retrenchment made by a quantity of whole tree's 
cut down, and laid lengthways beside each other, the 
closer the belter, having all their branches pointed to¬ 
wards the enemy, which prevents his approach, at the 
same time that the trunks serve as a breast-work before 
the men. The Abatiis is a very useful work on most oc¬ 
casions, cspt'cially on sudden emergencies, when trees are 
near at hand ; and Jms always been practised with consi¬ 
derable success, by the ablest commanders in all ages and 
nations. 

ABAUZIT, Firminy a learned and ingenious mathema¬ 
tician and philosopher, born at Usez, in Languedoc, on the 
1 Ith of November l675; his parents being proicstanis, he 
was obliged lo leave France by the revocation of the edict 
of Nantes, and after suffering many hardships, at length 
found an asylum in Geneva, where he prosecuted his stu¬ 
dies w ith the greatest success ; and though his chief ntlcn- 
lion was directed to the mathematics, he nevertheless 


made cunsidcmble progress in.every department uClitem- 
turc ; he was acquainted with most of the learned men of 
his time, and among others with our illustrious countryman 
Sir Isaac Newton, who in an epistolary correspondence 
docs him the honour to say, “ you urea very fit person lo 
judge between Leibnitz ami mo.” lie seems indeed lo have 
perfectly understood the Principia, having undertftken 
the defence of it against father Caste)), wherein he dis¬ 
played great talents and ability: he discovered an error 
in that work when it first appeared, which was corrected 
in the next edition. After having signalized himself os 
much for his virtue as his learning, he died on the 20tii 
of March 1767 , at tbc advanced age of 87 years, lamented 
and regretted byallwhom be honoured with his friendship. 
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ABBREVIATE; to abbreviate fractions, in Arithmetic 
and Algebra, is to lessen proportionally their terms, or the 
numerator and denominator; which is performed by di¬ 
viding those temis by any number or quantity, which will 
divide them without leaving a remainder. And when the 
terms cannot be any further so divided, the fraction is 
said to be in its-least terms. 

« i 

a* f i •> 3 * 

by dividing the terms continually by 2 . 

094 J47 _ -tg 7 

504 250 64 to’ 

by dividing by Q, 3, and 7. 

. 3x6x5 6x5 . _ 

Also —I — = — = 4 X 5 = 20. 
by dividing by 3 and by 2. 

j\nd by dividing by 4a x. 

And by dividing by a x. 

ABBREVIATION, of fractions, in Arithmetic and Al¬ 
gebra, is the reducing them to lower terms, as in the ex¬ 
amples above. 

ABERRATION, in Astronomy, an apparent motion of 
the celestial bodies, occasioned by the progressive motion 
of light, and the earth’s annual motion in its orbit. 

This clfcct may be explained and familiarized by the 
motion of a line parallel to itself, much after the manner 
of the composition and resolution of forces. For this pur¬ 
pose, let the ratio of the velocity of light to that of the 
earth in its orbit, be as tbc line a c ^ 

to Ac; then, by the composition : 

of these two motions, the particle , : 

of light will seem to describe the ’ : 

line BA or dc, instead of its real 
course B c ; and will appear in the 
direction a*b or cd, instead of its 
true direction cb. So that, if au 
represent a tube, carried with a 
parallel motion by an observer 
along the line ac, in the time that 
a particle of light would move over 
the space bc, the different places of 
the tube being ab, a&, cd, cd ; and when the eye, or end 
of the tube, is at a, let a particle of light enter the other 
end at d; then, when the tube is at ab, the particle of 
light will be at e, .exactly in the axis of the tube; and 
when the tube is at cd, the particle of light will arrive at 
/, still in the axis of the tube; and lastly, when the tube 
arrives at 6 d, the particle of light will arrive at the eye nr 
point c, and consequently will appear to come in the di¬ 
rection DC of the tube, instead of the true direction dc; 
and so on; one particle succeeding another, and forming 
a continued stream or ray of light in the apparont direc¬ 
tion DC. So that tbc apparent angle made by the ray of 
light with the line ae. is tbc angle dce, instead of the 
true angle bce; and the difference, BCDor abc, is the 
quantity of the aberration. 

M. de Maupertuis, in bis Elements of Geography, gives 
Valso a familiar and ingenious idea of the aberration, in 
this manner: “ It is thus," says he, “ concerning the 
^ direction in which a gun roust bc pointed to strike a bird 
in its flight; instead of pointing it straight to the bird, the 
fowler will point u little before it, in the path of its 



6ight, and lhat so much the- more as iho (liclil i>i Hi'- Inrn 
is more rapid, with r^^pect to ihe lUglit of ilm ' I' 
this way of considering the matter, the lliglit ol the biio 
represents tlic motion of the carll), or the line 4C, in onr 
sebeme above, and the tlight of tbc shot repro'-nts lie 
motion of the ray of light, or the line n c. 

M. Clairnut too, in the Menicnrs of the Academy '>1 
Sciences for the year 17-fb, illustrates this effect in a fa¬ 
miliar way, by supposing drops of rain to fall rapitlly and 
quickly after each otlier from a cloud, tindi r whicli a per¬ 
son moves with a very narrow tube; in whicli case it is 
evident that the tube must have a certain inclination, in 
order that a drop which enters at the top, may fall freely 
through the axis of the tube, without touching its sides ; 
which inclination must be more or less according to the 
velocity of the <lrops, in respect to that of the tube : then 
the angle made by the direction of the tube and of the 
falling drops, is the aberration arising from the combina¬ 
tion of those two motions. 

Another ingenious and familiar illustration of this effect 
is given in the Enci/chpSdie Mct/iodique; which is nearly 
os follows. 

LctcxAC. represent* boat, 
or other vessel, movingparallel 
toitselffromc to D,andsuppose 
a person at c to throw a stone 
towards a, with such a veloci¬ 
ty that it exactly arrives there 
when the point a arrives at B 
by the motion of the boat: now 
a person situated at a wilt na¬ 
turally refer the direction of the stone to the diagonal c a oi 
D B of the boat, over which it has actually passed, not¬ 
withstanding its real direction is that of cb; for the 
same appearances would have taken place, had the sluno 
been cast from c to b, provided its velocity had been 
such as to cause it to arrive at b, in tbc same time a-, 
before- 

This therefore explains the nature of the aberration of 
the celestial bodies; for if wc now consider the stone 
above mentioned ns a particle of light issuing from a budy 
ait c, in the direction cb, and that it arrives there jn the 
same time that a person moves from a to d ; then it is evi¬ 
dent, from what is said above, that he will refer its dirt'C- 
tiun to the line D D; but all bodies appear in the direction 
of tbc visual rays emitted by them, and consequently the 
point D will bc the apparent place of the body c. And 
thus the effect of aberration is always to make bodies ap¬ 
pear more advanced in the direction we arc moving, than 
they really are. 

This discovery, which is one of the brightest that have 
been made in the last age, we owe to the accuracy and in¬ 
genuity of the laic Dr. Bradley, afterwards Astronomer 
Royal; to which he was occasionhliy led by the result of 
some accurate observations which he hud mude with an¬ 
other view, namely, to determine the annual parullax-of 
the fixed stars, or tliat which arises.from the mution of the 
earth in its annual orbit about the sun. 

This motion of the earth, about the sun, had been 
often doubted, and wannly contested. The defenders 
of that doctrine, among other proofs of its reality, con¬ 
ceived the idea of adducing au incontestable one from 
the annual parallax of the fixed stars, if they shouhl 
be within such a distance, or if instruments and observa¬ 
tions could bc made with such accuracy, us to render that 
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pnrallax J^cnsiblc; and svith this view various altcirpls 
ha\c invn m;ulc. Iktore ihc observations ofM. Picard, 
m.Hic in l()/2> it uas ilic general opininn, that the stars 
<ii<l not cliange their position during the course of a year. 

I'raln* and Hiccioli fancir<l that they had assured 
ilieni>( Ivo vl it frj>n> thrir observations ; from wliich they 
(<»ncliJiU'<l that the earth did iH»t move round the sun, niul 
tluit there was no annual parallax in the fixed stars. M. 
Pjtanl, in the account of his N'oyage d’llraniboura', made 
)ri 16*72, says that the pole star, at different times of the 
y«ar, lias certain xariutions which he had observed >or 
about lOvears, and which amounted to near 4fV» a year: 
whence sonu*, who favoure<i the annual motion of the 
earth, wh re led to conclude i!mt these variations were the 
ofiect (*i ilie jjsindla.x of the earth's orbit. Rul it was im¬ 
possible to explain it by that parallax ; because this mo¬ 
tion was in a manner contrary to what ought to follow 
only frofn the motion of the c^rth in its orbit. 

In 1074 Dr. Hook published an account of obserxa- 
lions, made by him in 1669* by which he had foiind 
that the star y Draconis was 23" more northerly in July 
than in October: observations which, nt that time, seem¬ 
ed to favour the opinion of the t'artl/s motion, though 
it be now known tliat there could not be any accuracy 
in them. 

Flamsteed having obsersed the pole star with his mural 
quadrant, in l()89und the following years, found that its 
declination was 40"less in July than in Deceinber; which 
observations, though very just, >vero yet, however, improper 
f<ir proving the annual parallax : and he recommended 
the making of an instrument of 15 or 20 feet radius, to 
be firmly fixed on a strong foundation, for deciding a 
.doubt which was otherwise nut soon likely to be brouglit 
to A conclusion. 

In this state of uncertainty and doubt, Dr. Bradley, in 
conjunction with Mr. Samuel Molineux, in tlie year 1725, 
formed the project of verifying, by a scries of new obser¬ 
vations, those which Dr. Hook had communicatid to the 
public almost 50 years before. And as it w'as his attempt 
that chielly gave rise to this undertaking, so it tvas his me¬ 
thod in .making the observations, in some measure, that 
they followed { for they made choice of the same star, 
and their instrument wus constructed on nearly the same 
principles: but had it not greatly exceeded the former in 
exactness, they might still have continued in uncertainty 
and doubt, os to the parallax of the fixed stars. And this 
was chiefly owing to llic accuracy of the ingenious Mr. 
George Graham, to whom the lovers of astronomy are 
also indebted for sovcTal other exact and convcnienl in¬ 
struments. 

The success then of the intended experiment, evidently 
depending very much on the accuracy of the instrument, 
that leading (ibjrcl was first to be well secured. Mr. 
Molincux*s apparatus having been completed, and fitted 
for obs<Tvjng, about the end of November 1725^ on the 
third day of December following, the bright star in the 
head of Draco, marked y by Bayer, was for the first lime 
obser>T<i, as it passed near the zenith, and its situation 
carefully taken with the instrument. The like observa- 
tto/i$ were made frequently, on many days, both in that 
and the succeeding months, when they found a gradual 
variation in the star’s positiori towards the south. They 
took cure to examine very nicely, at the time of each ob¬ 
servation, how much the variation was; till about the 
bi gioning of March 1726, when the star was found to be 
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20" more southerly than at the lime of the first obverva- 
tion : it now indeed seemed to have arrived at its utmost 
limit southward, as in several trials, made about this 
time. n(» scn>ib1e difference was observed in its situa- 
tiiin. By the middle of April, it appeared to be return¬ 
ing back apin towards the north ; and about the be¬ 
ginning of June, it passed ut the same clisfanrc from the 
zenith,"^ as it hud done in December, when it was fir>t 
obi<T'r«l. 

From llic qjiick alteration in the dpclination of llic -star 
about this timo, increasing about one second in 3 duvs, it 
was conjectiircil that it woubi now procrc«l northward 
of its pr''sint Mtuation, as it-liad before gone ^outl.uanl ; 
wliicb happened accordingly ; f‘»r the star cinitintnil i i 
move iiorthuard till September f«>llott in^, whtii il becan.c 
slatioimry again; being then near iO* niore lartlurly 
than in JntU', and upwards of 35)" tnon* nortlieily tlian >t 
had been in March. From September the star tigatii re¬ 
turned towards the south, till, in Dereniher, it aniv(d ut 
the same situatnui in which it liad been obseivcal twelve 
ntonths before, allowing for the tlifleitncc ol declination 
utt account of the piocession tif the ecpiinox. 

'Fhis was n suiru ieiil proof tlial tlie instrument hue! not 
been the cause of this apparent motion of tlie st.ar ; and 
yet it seemed Jillicull to devise one that should be ode- 
<juntc to such an unusual vH'ccl. A nutation of tlie. 
earth’s axis was one of llte first thing* that offered it'-elf 
on this occasion; but it was soon found to be insuni* 
cient. 

The great regularity of the observations left mo room 
to doubt, but that there was some uniform cause by 
which this unexpected motion was produced, mul which 
did not dl'pend on the uticertainty or variety of the sensons 
of the year. But not being nble to frame any hypothesis, 
sufficient to account for all the phenomenn, and being 
very desirous to sc.-irch a little further into this matter, 

Dr. Bradley began to think of erecting an insiniment for 
himself at Wanstead ; that, having it ulwuys’nt hand, he 
might with the more case nnd certainty int|uirc into the 
laws <ir this new motion. 'I'hc consideration likewise of 
being able, by another instrument, to confii-m the ifulh of 
the observations hitherto made with that of Mr. Moll- 
neux’s, was no small inducement to the undertaking ; but 
thu principal one was, the opportunity he should thereby 
have of trying in whet manner other slurs should be af¬ 
fected by the same caust', whatever it might be. For Mr. 
Molineux’s instrument being originally designed fur ob¬ 
serving Y Draconis, to try whether it had nny sensible pa¬ 
rallax, It was so contrived, us to be capablo of but little 
alteration in its direction; not above 7 or 8 minutes t>f n 
degree: and there being but few stars, with|h half that 
distance from the zenith of Krw, bright enough to be 
well observed, hccoold not,with his instrument, thorough¬ 
ly examine how this cause affected stars that were diffe¬ 
rently situated, with respect to the equinoctial and solsti- 
cinl points of the ecliptic. 

These considerations determined him; and by the 
contrivance and predion of the same ingenious person, 
Mr. Graham, his instrument was fixed upon the ipth of 
August 1727. As he had no conv((nicnt place where he 
could make use of so longn tefescopc as Mr. Molincux’s,^ 
he contented himself with ono of but little more than half 
the length, namely, of 12 feet and a half, the other being 
24 feet and a half long, judging,' from the experience he 
bad already had, that this radius would lie long enough to 
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aclju'it tlic instruiTJcnl Ip n fiilficic nt decree cf exactness : 
and he had no reason i-Uerwaicl-. to ch.inc" his opinion; 
for by all hi trials he was \ery well sati'li-d, that wluti 
it was careluHy rectilied, its situation mi;*lit Lc securely 
depended on to half a second. 

Mis instrument beinc fixed, lie iniin<-di.itely began to 
observe such stars as he judged most proper to give luin 
any light into the cause ol the motion already meiitioneil. 
'I'hercAvas a sufficient variety of sin ill ones, and not less 
tlian twelve that he could observe through all seasons of 
llie^car, as they were bright enoug!i to be seen in Uie day¬ 
time, when nearest the sun. 

When tlie year was completed, he began to examine 
ami compare his <»bsersaiions; and having pretty well sa¬ 
tisfied himself as to the general laws of the plunomena, 
he tlicn endeavoured to find out the cause of them. 
Me was already convinced that the apparent motion of 
the stars was not owing to a nutation of the earth’s axis. 
The next idea that occurred to him, was an alteration m 
the direction of the plumb-line, by which the instriuneiit 
was constantly adjusted ; but this, upon trial, proved in- 
suflicient. Me then considered what refraction might do; 
but here also lie met with no satisfaction. At length, 
through an amazing sagacity, he conjectured that all the 
phenomena hitherto mentioned, proceeded from tlic pro¬ 
gressive motion of light, and the carilt’s annual motion in 
its orbit: for he conceived, that if light were propagated in 
time, the apparent place of a fixed object would not be 
the same when the eye is at rest, as when it is moving in 
any other direction except that of the line passing through 
the object and the eye ; and that when the eye is moving 
in riiflerenl directions, the apparent place of the object 
would be ditlerent. 

Me considered (his matter in the following manner, 
lie iniagined C a to be, a ray of light, falling 
|>i!r|H’ndicular)y on the line n D; then, if 
tlie eye be at rest at a, the object must ap¬ 
pear in the direction AC, whether light be 
propagated in time, or iiislaniancously. But 
if tbc eye be moving Crum H towards a, and 
light he propagated'in lime, with a velocity 
that is to the velocity of the eye, as a C to 
a b; then, light moving from c to a, while 
the eye move's from B to a, that particle of 
it by which the oiiject will be discerned,' 
when the eye in its motion comes to a, is, 
at c when the eye is at B. Joining the 
points B,c, lie supposed the line BC to be a 
tubes inclined to the line bd in the angle 
CRD, and of such a diameter as to admit ,of but ohc 
particle of light • then it was easy to conceivts that 
the particle of light at C, by which the object must be 
seen when the eye arrives at a, would pass through the 
tube BC, so inclined to the line oD, and accompanying 
the eye in ilt motion from u to a; and that it would not 
come, to the eye, placed bchind'such a tube, if it had any 
other inclination to tbc line u d. But if, instead of sup¬ 
posing BC so small a tube, we conceive it to be the axis of 
a larger ; tbeij, for the same reason, the panicle of light 
at c cannot pass ibi^^h that axis, unless it be inclined 
to D D in the samea^^ cbd. 

In like manner, if tlie eye move the contrary way, from 
O towards a, with the same velocity; then the tube 
must be inclined in the angle bdc. Although therefore 
the true or real placp of an object, be perpendiculuj tu 



the line in which the eye is inoviiii;, \et the visible |>laco 
will not be so ; sinc<' I'.al must doubtli-,. l e in tlie direc¬ 
tion of the tube. Bill 'he dificrence between ilr "rue 
and appiircnt place, wi.l he. ea-icris paril u', n-ater <'r 
less, according to the (litl'er>iii proponiinis bef.v. en the 
velocity of lifjit a"«l thal oi ibc i\e: «o that, if we couM 
suppo.M- light to he propagated in a:i iiis'ai.t, lluii I'.irc 
wouhl be no dillerelice lielweeli l!.e teal .onI visible place 
of an object, though the eye were in niot.i.n ; for m that 
case, AC being infinite with reaped to ab, the angle 
sen, which is the difierencc between the tiue and visible 
place, vanishes. Bui if light be prop-agated in lime, 
which was then allowed by most pbilos< plier>, then it is 
evnlcnt, from tlie foregoing considerations, that there will 
always be a diHeit-nce bclwcdi the true ami visible place 
of an object, e.xcopi when the eye is moving either direct¬ 
ly towards, or from the object. Ard in all cases, the 
sine of the difference between the true and visible place of 
the object, will be to the sine of the visible inclination of 
the object to the line in which the eje is moving, as the 
velocity of the eye, is to the velocity of light. 

If light moved only 1000 times faster than the eye, 
and uii object, supposed to be at an infinite distance, 
were really placed perpciidicuiaily over the plane in 
wlijch the eye is moving ; it follows, from what has be» n 
said, that the apparent place of such object will always 
be inclined to that plane, in an angle of 89’ 5() } ; so that 
it will constantly appear 3 4 from its true place, and will 
seem so imich less inclined to the plane, that way towanls 
which the eye tends. That is, it ac be to a B or a D, as 
1000 to I, the angle a BC will be S.9® 3()'{, and the angle 
ACB 3'4, and BCD or 2acb will be 7', if the direction 
of the inotioif of the eye be contrary at one time to what 
it is at another. 

If the earth revolve about the sun annually, and the 
velocity of light were to the velocity of the earth’s mo¬ 
tion in its orbit, us 1000 is to 1; then it is easy to con¬ 
ceive, that a star really placed in the pole of the ecliptic, 
would to an eye carried along wuh the earth, seem to 
change its place continually; and, neglecting the small 
difference on account of the earth’s diurnal revolution on 
its axis, it would seem to describe a circlcaboui liiat pole, 
every where distant from it by 3'4- So that its longitude 
would be varied 'through all tlie points of the ecliptic 
every year, but its latitude would alway.s remain tbc 
same. Its right ascension’would aUo change, and its de¬ 
clination, according to the different situations of the sun 
in respect of the equijiuctial points ; and its apparent 
distance from the north pole of the equator, would be 7' 
less at the autumnal, than at the vernal equinox. 

The givuicst alteration of tbc place of a star, in the 
pole of tbc ecliptic, or, which in efiect nniuunts to the 
same thing, the proportion bvtween the velocity of ligbtaml 
the earth’s motion in its orbit, being known, it will not be 
difficult to find what would be the difference, on this ac¬ 
count, between the true and apparent place of any other 
star at any time; and, on the contrary, tUc diiTereiicc be¬ 
tween the trpe and apparent place being given, the pro¬ 
portion between the velocity of light, and tbc earth's mo¬ 
tion jii its orbit, may be found. 

After the history of this curias discovery, related by 
the author (in the Philos. Trans, of that year), ite gives 
the results of a muhitudu of accurate obsvrv.'itiui..', iniido 
on a great number of stars, at all seasons of ilie year. 
Prom aU vvihicb ob^rvatioiis, and the foregoing theory, ho 
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found that cvpry star, in consequence of the earth’s mo¬ 
tion in Its orbit and the progressive motion of light, ap¬ 
pears to describe a small ellipse in the heavens, the trans¬ 
verse axis of wliieh is equal to the same iiuantity for 
every star, numely 40 nearly; and that the conjugate 
axis of the ellipse, for dilTerent stars, varies as the sine of 
the star's latitude; that is, radius is to the sine of (he 
star's latitude, ns the transverse axis to (he conjugate 
axis: and consequently a star in the pole of (he ecliptic, 
its latitude being there 90’. whose sine is equal to the ra¬ 
dius, will appear to describe a small circle about that 
pole as a centre, whose radius is e(|ual to 20". He also 
gives the following law- of the variation of the star’s decli¬ 
nation : if A denote the angle of position, or the anglo at 
the star made by two great circles drawn from it throush 
the poles of the ecliptic and equator, and d another angle, 
whose tangent is to the tangent of a, us radius is to the 
sine of the star’s latitude ; then b will be equal to the dif¬ 
ference of longitude between the sun and the star, when 
(he true and apparent declination of the star arc the same. 
And if (he sun’s longitude in (he ecliptic be reckoned 
from that point in which it is when this happens; then 
the dih'erence between the true and apparent dcdinalion 
of the star, will be always as (he sine of the sun’s longitude 
from that point. It will also be found that the greatest 
ditl'ctcncc of declination (hat can be between the true and 
apparent place of the star, will be to 20^', the semitrans- 
vcnc axis of the ellipse, as the sine of a to the sine of b. 

The author then shows, by the comparison of a num¬ 
ber of observations made on difierciit stars, (hat they ex¬ 
actly agree with the theory .deduced from the progressive 
motion of light, and that consequently it is highly proba¬ 
ble that such motion is the cause of those variations in 
the situation of the stars. From which he infers, that 
the parallax of the Axed stars is much smaller than hither¬ 
to supposed, by those who pretended to deduce i^ from ob¬ 
servations. He thinks ho may venture to say that, in the 
stars he had observed, the parallax does not amount to 2" ; 
nay, that if it had amounted to 1", he should certainly 
have perceived it, in the great number of observations 
that he made, especially of 7 Draconis : which agrccln>» 
with the hypothesis, without allowing any thing for paral¬ 
lax, nearly as well when the sun was in conjunction with, 
as in opposition to, this star, it seems very probable that 
its parallax is not so much ns one second; and consc- 
qiicmlv that it is above 400000 times farther from us 
Ibati the sun. 

From the greatest variation in the place of the stars, 
namely 40", Dr. Bradley deduces the ratio of the velocity 
of light, in comparison with that of the earth in its orbit. 
In the preceding figure, ac is to a b, ns the velocity of 
light to that of the earth in its orbit, the angle acd being 
equal to 20"; so that the ratio of those velocities is that of 
radius to the tangent of 20", or pf radius to the arc of 20", 
since in very small angles the tangent has no sensible dif¬ 
ference from the arc itself: but the radius of a Circle 1s 
equal to the arc of nearly, or equal to 20 fi 260 " ; 

therefore the velocity of light is to the velocity of the 
earth, as 206260 to 20, or os 103 IS to 1. 

And hence also the time, in which light passes over the 
space from the sun to the earth, is easily deduced; for 
this time will be to one year, as a B or 20''^to afio** or the 
whole circle; that is, 360°: 2(f': ; 365^ days : 8* 7*,thBt 
is, light will pass from the sun to the earth in 8 minutes, 
7 seconds; and this will be the same, whatever may bo 


the distance of the sun. See Abridg. Philos. Trans, vol. 7, 
p. 308, and vol. 9, p. 417. 

Dr. Bradley having aiine.xed to his theory the rules or 
furmiilx tor computing the aberration of the fixe<l slurs in 
declination and right ascension ; these rules have been va¬ 
riously deiiionstralcd, and reduced to oilier pructicul 
forms, by Clairaut, in the Memoirs of the Academy of 
Sciences for 1737 ; by Simpson, in bis Essa) s in 174U; by 
Fontaine, in 1744; and by several other persons. The re¬ 
sults of thc-sc rules arc as follow; Every star ap|H-j^ to 
describe in' the course of a year, by means n1 tlic aera¬ 
tion, a small ellipse, whose greater axis is 40', ami the 
l<>ss axis, perpendicular to the ecliptic, is equal to 40’’ 
multiplied by the sine of the star’s latitude, the radius 
being 1. The eastern extremity of the longer a.vis. marks 
the apparent place of the star, on the day of the opp<isi- 
tion ; and the extremity of the less a,Xe, which is furthest 
from the ecliptic, marks its situation three months after. 

The greatest aberration in longitude, is equal to 20" di¬ 
vided by the cosine of its latitude, or multiplied by its 
secant. And the aberration for any time, is equal to 20" 
multiplied by (he cosine of the elongation ot the star 
found for the same time, and divided by the cosine of its 
latitude, or multiplied by its secant. This oberralion is 
subtractive in the first ami lust quadrants of the argument, 
or of the dift'ercncc between the longitudes of the sun and 
star; and additive in the second and third quadrants. 
The greatest aberration in latitude, is equal to 20^' multi- * 
plied by the sine of the star’s latitude. And the aberra¬ 
tion in latitude for any time, is equal to 20" multiplied 
by the sine of the star's l.-ilitude, and also by the sine of 
the elongation. The aberration is subtractive before the 
opposition, and additive after !t. 

The greatest aberration in declination, is equal to 20" 
multiplied by the sine of the angle of position a, and di¬ 
vided by the .sine of b the dificrcnce of longitude between 
the sun and star when the aberration in declination is no¬ 
thing. And the aberration in declination at any other 
time, will be equal to the greatest aberration multiplied 
by the sine of the difference between the sun’s place at the 
given lime and his place when the aberration is nothing. 
Also the sine of the latitude of thestar, is to radius, as the 
tungent of a the angle of position at the stur, is to the 
tangent of d, the difTercucc of longitude between the sun 
and star when the aberration in declination is nothing. 
The greatest aberration in right-ascension, is equal to 20" 
rouUiplicd by the cosine of a the angle of position, and 
divided by the sine of c the difference in longitude, be¬ 
tween the sun and star when the aberration in righl-rts- 
cension is nothing. And thcabcrralion in right-ascension 
at any other time, is equal to the greatest aberration mtil- 
tiplied by the sine of the difference between the sun*s 
place at tbe given time, and his place when the aberration 
is nothing. ’ Also the sine of the latitude of the star is to* 
radius, as the cotangent of a the angle of position, to the 
tangent of c. * • 

In the first article of Mr. Simpson’s Essays (an. 1740), 
is given a geometrical demonstration of a star’s apparent 
path, resulting from the motion qf light (ombined with 
'the earth's moiiofi in its annual ori^; accompanied with 
rules theffee deduced for practical ralculations. Another 
curious demonstration of the same was given by Dr. 
Brook Taylor in the year 1729, as soon as Dr. Bradley’s 
discovery was known. It is preserved in Robins’s Tracts, 
vol, 2 , p. 276 , and is os follows.—Lpt abc be the orbit 
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l)ie earth, in which it moves from B to c aii<i 
A, round the sun in d. Then, the earth 
being in c, if the tangent ce be drawn, 
and on the transverse axis a B as a diame¬ 
ter the circle A ED F be described, ED being 
drawn and continued to o, de is perpen¬ 
dicular to the tangent BCj and therefore 
the velocity of the earth in b, is to the 
locity in c, reciprocally as D B to d e ; that 
is, directly as ad to do, since the rectan¬ 
gles under add and E d c. are equal. Now 
c H being drawn from the earth in c, toward 
the true place of any star, take c i to a d 
as the velocity of light to the velocity of 
the earth in b. Through i draw k i l in a 
situation perpendicular to a b, and making 
Ki equal to AD, and iL equal to D B, 
on the diameter K t describe the circle 
K M L y parallel to the plane a c B F. Lastly, 
make the angle under k i o equal to that 
under ADC, which is nearly the arithme¬ 
tical mean bi tween the mean and true dis¬ 
tance of the earth from the aphelion, and 
draw CO.—Now K L being in a situation perpendicular 
to AB, and the angles under Kio, adg equal, oi will 
be equal to dg, and be situated perpendicular to t; e, 
and therefore is parallel to CB, or to the direction of the 
earth's motion in c; and is to^i, as the velocity of the 
earth in C, to its velocity in B. Consequently, since K i 
or A D is to c I as the velocity of the earth in B is to the 
velocity of light, by equality o l is to i c, as the velocity 
of the earth's motion in c to the velocity of lighj. There¬ 
fore the star will be seen from the earth at c in the direc¬ 
tion CO. Hence it follows, that every fixed star is viewed 
from the earth as moving in a circle parallel to the plane 
of the ecliptic, the diameter of that circle which is parallel 
to the lesser axis of the emh's orbit being divided by the 
true place of the star, in the same proportion, as the 
greater axis of the (‘nrth's orbit is divided by the sun. 

y\fiBRE'ATioy of the Planets, is equal to their geocen¬ 
tric motion, or the space they appear to move through 
as seen from the earth, during the time that light employs 
in passing from the plane! to the earth. Thus, in the sun, the 
aberration in longitude is constantly 20", that being the 
space moved by the sun, or, wjiich is the same thing, by 
the earth,*in 8" 7*, that being the time in which light 
passes from the sun to the earth, as wc have seen in the 
foregoing article. In like manner, knowing the distance 
of any planet from the earth, by proportion it will be, as 
the distance of the sun is to the distance of the planet, so 
is 8* 7* to the time of light passing from tbo planet to the 
eflrtb : then computing the planet's geocentric motion in 
this time, that will bo the aberration of the plappt, whether 
it be ill longitude, latitude, right-a&ccnsioo, or^clination. 

It is evident that the aberration will be gmtest in the 
longitude, and very smn^l in latitude, because the planets 
deviate very little from .the plane of the ecliptic or path 
of the earth ; so that the aberration in the latitudes of the 
planet^ is commonly neglected, as insensible; the greatest 
• in Mercury being on^ 4"-f, ancMnuch less in the other 
planets. As to the aDerrations in'dcclination and right- 
ascension, they mustlflepend on tbesituatidn of the pUhet 
in the zodiac. Tire aberration in longitude, being equal 
to the geocentric motion, will be more or Ic&i according as 
that roolipii is; it will tberuibre be least, or nothing (ft all, 
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when llie planet is stationary ; and grcatCit in the supe¬ 
rior pliinels, Mars, Jupiter, Saturn, Ccc, when iLey aie 
in opposition to the sun ; but in 
the inferior planets. \'enus and 
Mercury, the aberration is great¬ 
est at the time o/ their superior 
conjunction. These maxima of 
aberration for the several planets, 
when their distance from the sun 
isleasl,areasannexed,viz, for 

And between these numbers and nothing, the aberrations 
of the planets, in longitude, vary according to their si¬ 
tuations. But that of the sun varies not, being constantly 
20", as has been before observed. And this may alter bis 
declination by a quantity, which varies Irom 0 to near b ; 
being greatest or 8" about the equinoxes, and vanishing in 
the solstices. 

The methods of computing these, and the formulas for 
all cases, are given by M. Clairaut, in the Memoirs of the 
.\cadcmy of Sciences for the year 1746, and by M. Euler 
in the Berlin Memoirs, vol. 2, for 1746. 

Aberration, in Optics, is the deviation or dispersion 
of the rays of light, wlien reflected by a speculum, or re¬ 
fracted by a lens, by which they are prevented from meet¬ 
ing oi uniting in the same point, called the geometrical fo¬ 
cus, but are spread over a small space, and produce a con¬ 
fusion of images. This aberration is either lateral or 
longitudinal : the lateral aberration is measured by a 
perpendicular to the axis of the speculum or lens, drawn 
Iroiii the focus to meet the refracted or reflected ray: the 
longitudinal aberration is the distance, on the axis, be- 
iwc-eii the focus and the point where the ray meets the 
axis. The aberrations arc very amply treated in Smiths 
Complete System of Optics, in 2 volumes 4to. 

There arc two species of aberration, distinguished ac¬ 
cording to their diftcrent causes; the one arises from the 
figure of the speculum or lens, producing a geometrical 
dispersion of the rays, when these arc perfectly equal in all 
respects : the other arises from the unequal refrangibility 
of the rays of light ihcmsclvi's; a discovery that was 
made by Sir Isaac Newton, and for this reason it is often 
called the Newtonian aberration. As to the former spe¬ 
cies of aberration, or that arising from the figure, it is well 
known that if rays issue from a poimat n given distance, 
then they will be reflected into the other focus of an ellipse 
having the given luminous point for one focus, or directly 
from the other focus of an hyperbola; and will be various¬ 
ly dispersed by all other figures. But if the luminous 
^point be infinitclydistant, or, which is the same, the inci¬ 
dent rays be parallel, then they will be reflected by a para¬ 
bola into its focus, and variously dispersed by all other fi* 
gures. But those figures are very difficult to make, and 
therefore curved specula are commonly mndc spherical, 
the figure of which is generated by the revolution of a cir¬ 
cular arc, which produces an aberration of all rays, whether 
they arc parallel or not, and 
therefore it has no accurate 
geometrical focus which is 
common to all the rays. 

Let n V E represent a con¬ 
cave spherical speculum, 
whose centre isc; and let 
AB, BF be incident rays pa- 
rallol to the axis cv. Be¬ 
cause the unglc of incidence 
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is oqtial io tho *incl^' rrflrcMon in nil HirpTorc 

jf cho r.i<lii CB, c r bi* <Jrnv\n to tli<* poiru< of inci<Jcnc<\ 
and thcncc no making the angle c n n equal Co the angle 
CTiA, and yo making the angle err. equal to chr angle 
err; then nn, fg miII be the rollccted lays, e.nd 0,0, 
the points where they meet the axis. Hence it appears 
that the point of coincidonre with the axis, is equally 
rh''tant from the point of incidence and the centre: lor 
hreause rhr angle c n n is equal to the angle c n a, which 
i> e(]ual to the ulternafc angle B C therefore their op« 
])o<ilc sides CD, nn are equal: and in like manner, in 
any other, o r is ccjiial to oc. And hence il is cvidml 
that when n is indelinil<*ly near the vertex v, then n is in 
the iiiifhlle of tlie rarlius rv; ami the nearer the incident 
ray is to the axis c v, the nearer will the reflected ray 
come to tlie Tni<ldle point d; and the cerntrary. So that 
the aherratuni no of any ray r. rOtis always more and 
more, as the incident ray is farther from the axis, or the 
incident point t from the vertex v; till when the distance 
V I is 60 degrees, then Che r< fleeted ray falls in the \ert<*x 
V, making the aberration equal to the whole length nv. 
y\nd this shows the reason why specula are mailc of a 
very small segment of a sphens namely, that all their re¬ 
flected rays may arrive very near the middle point or fo* 
cus D, to producexaii image the most distincr, by the least 
aberration of the rays. And in like manner for rays re¬ 
fracted through lensc«« 

In spherical lenses, M« Huygens hits demonstrated that 
the aberration from the figure, in difterent k'n^cs, is as 
follows. 

1. In all plano-convex lenses, having their plane sur¬ 
face reposed to pnrullel rays, the longitudinal aberration 
of the extreme ray, or that remotest from the axis, is 
equal to ^ of the thickness of the lens. 

2. In all plano-convex lenses, having their convex sur¬ 
face exposed to parallel rays, the longitudinal aberration 
of the extreme ray, is equal to ^ of the thickness of the 
lens. So that in this position of the same plano-convex 
lens, the abennlion is but about one-fourth of that in 
the former; being to it only as 7 to 27. 

3. In all double convex lenses of equal spheres, the 
aberration of the extiemo ray is equal to y of the thick¬ 
ness of the lens. 

4. In a double convex len^, ibo mdii of whosti spheres 
are as I to 6, if the more convex surface be exposed to 
papnllel rays, the aberration from the figure is less than 
in any other spherical lens; being no more than fj. of its 
thickness. 

But the foregoing species of aberration, arising from! 
the figure, is very small, and easily romudied, in compa¬ 
rison with the other, arising from the unequal refrangibi- 
lity of the rays of light; insomuch that Sir Isaac New¬ 
ton shows in his Optics, p. 84 of the 8vo edition, that if 
the object-glass of a telescope be plano-convex, llieplone 
side being turned towards the object, and the diameter of 
the sphere, to which the convcvx side is ground, bo 100 
feet, the diameter of the aperture being 4 inches, and the 
ratio of the sine of incidence out of gloss into air, be to 
that of refraction, as 20 to 31; then the diametvr^of the 
circle of aberrations will in this case he only 777^^* 
parts of an inch r while the 4iumeter of the little circU^ 
through which the same niys are flattered by uuemiai 
refrangibiliiy, will be about the 55th part of the aperture 
of the object-glass, which hero is 4 inches. And there¬ 
fore the error arising from the sphoricol figure of the 
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slas«, is.to the error arising frfim the different r<fr.ingibi- 
iiiy of the roys, as *54 ty. 

>10 that It may swiu strange that ubjrcts ajqxar through 
tch'seop^s so diVlincl as they do, considering that the er¬ 
ror anting from the diffon-nt refrungibility, is almost m- 
coinparuiiiy larger than tliat of the figure. Newton how¬ 
ever sol\c» the difficulty by obserMOg ttuii the rays, under 
thtir various Hbi'iralioiiH, are not scattered uniformly 
overall the circular space, but collected infinitely more 
dense in the centre than in any oilier part of the circle ; 
and that, in the way from the ceiilre to the ciicumtcrence, 
they grow' more and more rare, so as at the circumfe¬ 
rence to become infinitely rare; and, by reason ol their 
rarity, they arc not strong enougli to be visible, unless in 
Ibe centre, and very near it. 

In consequence <if the discovery of tlic unequal re- 
frangihiliiy of light, anti the apprehension llmt equal re¬ 
fractions must protiucc equal divergencies, m every kind 
of medium, it was sup|)ose<J that all spherical object- 
glasses of telescopes would be equally affected by the dit- 
frccnl refrangibility of liglit, in proportion to their aper¬ 
ture, of whatever materials they might be constructed : 
and tberefort', that the only improvement that could be 
made in refracting telescope's, was that of increasing their 
length, bo that Sir Isaac Newton, and other [persons 
after him, despairing of success in the use and fabric of 
lenses, diieclod their chief attention to the construction 
of reflecting telescopes, 

However, about the year 1747, M* Euler applied him¬ 
self to the subject of refraction ; nn<l pursued a hint 
suggested Gy Newton, for the design ol making object- 
gla$s(*s with two lenses of glass inclosing water hetwein 
them ; hoping that, by const^ctingthem of different nm- 
teiiuls, the refractions would balance one another, and so 
the usual aberration be prevented. Mr. John Uollond, 
an ingenious optician in Londqp, minutely examined tins 
scheme, and found that M. Eulcris principles \vcre not 
satisfactory. M. CMairaut likewise, whose attention liud 
been excited to the same subject, concurred in opinion 
that Euler^s speculations were more ingenious than usefuL 
This controv rsy, which seemed to be of great import¬ 
ance in the science of optic<, engaged also th6 attention 
. of M. Klingenstierna of Sweden, who was Icii to make n 
careful cxaininalion of the 8th experiment in the second 
part of Newton's Optics, with the conclusions there 
drawn from it. The consequence was, that hcTnund that 
the rays of light, in the circumstances there meiitiimed, 
did Tibt lose their colour, as bir Isaac had imagined. I'his 
hint of the Swedish philosopher led Mr. Dollond to rt*- 
examine the some experiment: and After several trials*it 
' appeared, that different substanci^ caused the light to di¬ 
verge very differently, in proportion to their general 
Tractive pMjgra. In the year 1757 ihereroro ho procuixui 
wedges offlBffcrent kinds of glass, mid applied them to¬ 
gether sO| mat the refractions might be made in contrary 
direction^, that ho might discover whether llio refraction 
and divergency of colour would vanish together,^ The 
result of bis first Irinls encouraged him to persevcixi; for 
he* discovered u diftbrcnco far beyomi his hopcs^n the 
qualities of different kmds of glass, wiih rel\)eci to their 
divergency of cdlours. The Venice glass and EnglUli 
crown glass were found to be nehrly^llied in. this respect: 
the common English plote glass madb the rays diverge 
more; and the English flint glass most of all. But, wiihi 
out inquiring into the cause of this diflerence, be pro^ 
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cot'dcd to adapt wedges of crown glas$> and of while flint 
glass, ground to different angles, to each other, so a> to 
refract in diflerenl directions; till the refracted light was 
entirely free from colours. Having measured the refrac¬ 
tions of each wedge, lie found that the refraction of the 
white glass, was to that of the crown glass, nearly as 2 to 
3: and he hence concluded in genenil, that any two 
wedges made in this proportion, and applied together so 
as to refract in contrary directions, would refract tlie 
light witliout any aberration of the rays. ^ 

Mr« Dollond s next object was to make similar trials 
With spherical glasses of different materials, with the view 
of applying his discovery to the improvement of tele¬ 
scopes: and here he perceived that, to obtain a refraction 
of light in contrary directions, the one glass must be con¬ 
cave, andjhc other convex; and the lat^r, which was to 
refract tho’inost, that the rays might converge to a real 
focus, be made of crown glass, the other of white flint 
glass. And as the refractions of spherical glasses are in¬ 
versely as their focal distances, it was necessary (hat the 
focal di^ianct'S of the two glasses, should be inversely as 
the ratios of the refractions of the wedges; because that, 
being thus proportioned, every my of light that passes 
through this compound glass, at any distance from its 
axis, will constantly be refracted, by the difference be¬ 
tween two contrary refractions, in the proportion re¬ 
quired ; and therefore the different rcfrangibility of t)^c 
light will be entirely removed. • - 

But in the applications of this Ingenious discovery to 
practice, Mr. Dollond met with many and great difficul¬ 
ties. At length however, after many repeated trials, by a 
resolute perseverance, he succeeded so fur as to construct 
refracting tclc*scop(^ much superior to any that had hi¬ 
therto been made; representing objects with great di¬ 
stinctness, and in their true colours. 

M. Clairaut, who ba^l interested himself from the be¬ 
ginning in this discovery^ now endeavoured to ascertain 
(he principles of Mr. Dollond's theory, and to lay down 
rules to facilitate the construction of new tele¬ 

scopes. With this view he made several cxpcriincnls, to 
determine the refractive power of different kinds of glass, 
and the proportions in which they separated ibe rays of 
light: and from these experiments he deduced se^ral 
ihcq^ems of general use. M. d'Alembert made likOTivc 
a great variety of calculations to the same p^osc; and 
he showed bow to correct the errors to whicPihesc Ude- 
scopes arc subject, sometimes by placing the objccl»glas$cs 
at a small distance from each other, and sornctiAcs by 
using eye-glasses of different refractive powem. But 
though foreigners were hereby supplied with the most ac¬ 
curate calculations, they were very defective in practice; 
and the English telescopies, made, as they imagined, with- 
nut any precise rule, were greatly superior to tbe best of 
their construction. 

M. Euler, whoso speculations bad flrst given occasion 
to (Ills important and useful inquiry, was very reluctant 
in admitting Mr. Dollond^ improvements, because they 
militated against a pre-conceived theory of his own. At 
last however, after several altercations, being convinced of 
their reality and importance by M. Clairaut, he assent- 
* I'd; and be soon after recidved further satisfaction from 
the oxperimeDts of M.Zeiher, of Petersburg. 

. Zeiber showed by experiments, that it is the lead, 
In ihc cofqpusition of glass, which gives it this remarkable 
VoL. I. 


pniporiy, namely, that while the refraction of iUo 
rays is nearly the same, that of the extreme ray^ Ci>n->i- 
derably difl'ers. AikI, by increasing the lead, lie product' I 
a kind of glass, occasioned a much greater sepaia’ 

tion of the extreme rays than that of the flint 
by Mr. Dollond, and at the same time considerably ni- 
creased the mean refraction. M.Zeiher, in the coui^* 
of lus experiments, made gloss of minium and lead, 
a mixture also of alkaline salts; and he found (hat tlM> 
mixture greatly diminished (lie mean refraction, ^^hile i> 
made hardly any change in the dispcrbiun : and he ar 
length obtained a kind of glass greatly superior to 
flint glass of Mr. Dollond, for the construction of (cl^'- 
sco|>es; os it occasioned three times as groat a dispersion 
of the rays as the common glass, while the mean refrac¬ 
tion was onl}' as 1*61 to ). 

Other improvements were also made on the new or 
achromatic telescopes by the inventor Mr. John Dollond^ 
and by his son Peter Dollond ; which may be seen undei 
the proper words. For various dissertations also on the 
subject of the aberration of light, colours, and ibe flguio 
of llie glass, sec Philos. Trans, vols. 36, 48, 60, 61, 52^ 
56, 60; Memoirs of the Academy of Sciences of Pan^, 
for tbe yi'an» 1737, 1/46, 1752, 1755, 1756, 1757, 176J, 
1764, 1765, 1767. 1770; the Berlin Acad. 1746 , 176j, 
^J766; Swed. Mem. vol. l6; Com. Nov. Pctripol. 1762 ; 
M. EuIcr^s Dioptrics; hi. d'.Membert's Opuscules Math.; 
M. de Roebon Opuscules; &c,5cc« 

ABRIDGING, in Algebra, is llie reducing a compound 
equation, or quantity, to h more simple form of expres¬ 
sion. I'bis is done either to save room, or the trouble oi 
writing a number of symbols; or to simplify the expres¬ 
sion, and case the inenmry, or to render the formula more 
easy and general. 

So the equation = 0, by putting 

p BU, qstahf and rs^abc^ becomes x*'—px^ -h r bO. 

And the ecjuation x*-r-(a-«-5)XsO, by putting 

p B a o- 5, and 9 = becomi^s x* px — 7 b 0. 

ABSCISS, Abscissb, or Abscissa, is apart or seg¬ 
ment cut off a line, terminate^ at some certain point, by 
an ordinate to a curve; as a B or ,b r« 



So (but the absciss may either commence at the vertex 
of the curve, or at any other fixed point. And it may 
be taken either upon^he axis or diameter of the curve, 
or upon any other line given in position. 

Hjpncc there arc an infinite number of variable absciss* 
cs, TOrmiiiatcd at the same fixed point at one end, tbe 
other end being at any point of the given Hncordiameter« 

When an absciss and its curicsponding ordinate arc 
considered together, they arc called the co-oidinale$ of 
tbe curve. 

In the common parabola, each ordinate pq has but one 
absciss, a p; in the ellipse or circle, the ordinate ba^ two 
abscisses, ap, bp, lyin'g on the opposite sides of it; and 
in the hyperbola, the ordinate ?Q has also two abscisses, 
but they lie both on the same side of it. That is, in gc- 
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neral, a line of ihc second kind, or a curve of the tir^t 
kind, may have two abscisses to eacli ordinate. But a 



SO on# 

The u^o of the abscisses is, in conjunction with the or- 
<Hnates, to cxph*sn tlic nature of the cuKcs, either by 
some proportion or ecjuation inclu<1in}; the absciss and its 
ordinate, with some other fixed invariable line or lines* 
Erery ditferent curve lias its own peculiar equation, or 
property, by which it is expressed, and difl'erent from all 
others: and tlial equation or expression is the same for 
e\ery ordinate and its abscisses, whatever point of the 
curse be taken. So, in the circle, the square of any or¬ 
dinate is equal to the rectangle of its two abscisses, or 
A p • p B PQ*; in the pambola, the .square of the ortli- 
nate is equal to the rectangle of the absciss and the para¬ 
meter; in the ellipse and hyperbfla, the square of tlir or¬ 
dinate is always in a certain constant proportion to the 
rectangle of the two abscisses, namely, as the square of 
the conjugate to the square of the transverse, or as the 
parameter to the transverse axis; and so other properties 
in other curves. 

When the natures or properties of curves arc ex¬ 
pressed by algebraic equations, any general absciss, as 
AP, is commonly denoted by the letter x, and the ordi¬ 
nate PQ by the letter^; tile other or constant lines being 
represented by other letters. Then the equations express¬ 
ing the nature of these curves arc as follow ; namely, 
for the 

circle - - dr —X* = where d is iho diameter ab; 
parabola - px ^ y*, where p is the parameter; 
ellipse - :: rx—x*:y', ( whore i is the liansvcrsc, 

li)'pcrbola : ^x^-x^:y\ land c the conjugate axis. 

But if the abscisses arc taken from the centre; then in the 
circle - • i*—x’=y’, 1 ^ l • * 

ellipse . 6* : c»;: h*-x ': v*, V * »» I**® scmiaxis, 

hyperbola b ‘: :y\ i ® scnucoiijugalc. 

Or we may likewise employ the parameter p fin the 
equation to the ellipse and hy])erboIa; then in the 
ellipse - l:p:: tx—x *when the abscisses arc taken 
hyperbola t:p:: x*±<x : y', 3 from the vertex, 
ellipse - whcnthcahscissesaTctakcn 

hyperbolae^;: 3 from the centre, 

where t is the trdnsverse axis, and p the parameter. 

ABSIS, Abses, Absides. See Akis, &c. 

ABSOLUTE Equation, in Astronomy, is the sum of 
the optic and cxcentric equations. The apparent inequa¬ 
lity of a planet's mot\on, arising from its not being equally 
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distant from the rarib at all limes, is called its optic 
equation; arid this would subsist even if the planet’s real 
motion were uniform. The cxcentric inequality is caused 
by the planet’s motion beit^g t>ot uniform. To illustrate 
chis, conceive the sun to move, or to appear to move, in 
tijc circumference of a circle, in wbo^e centre the earth 
is placed. It is roanifcsl, that if the sun move uniformls 
in this circle, he must appear to move uniformly lo a 
spectator at the earth; and in this ease there will be no 
optic nor excentric equation. But suppose the earth to 
be placed out of the centre of the circle: then, though 
the sui/s motion should be really uniform, it-would not 
appear lo be so, being seen from the earth; and in this 
ease there would be an optic equation, without an cxccu- 
rric one. But if we imagine the sun's orbit not lo be 
circular, but elliptical, and (be earth in its focus; it will 
be full ns cvidcnl that the sun cannot appear to have a 
uniform motion in such ellipse; so that ids motion will 
then be subject lo two equations ; that is, the optic equa¬ 
tion, and the excentric equation. See Equation, and 
Optic Ineqcamtt. 

Abrolute Number^ in Algebra, is that term or mem¬ 
ber of an equation that is ccmiplelcly known, and which 
!•> equal lo all the other, or unknown terms, taken toge¬ 
ther ; and is the same as what Viota calls the homogc- 
neum comparalionis. § 0 , of the equation x* h- — 

36' ^ 0, or X* -h l 6 r as 36, the absolute number, or known 
term, is Sg. 

AnsoLi’TF. Gravity, Motion, Space, Time, ^c. Sec tlic 
rcs{>cctivc substnntivis. 

ABSTllACT MATiirMATics, otherwise called pure 
maihomalics, is that which treats of the properties of 
magnitude, figure, or quantity, absolutely and generally 
considered, without restriction to any species in particu¬ 
lar: such as Arithmetic and Geometry. In this sense, 
abstract, or pure mallicmatics, is opposed to mixed ma¬ 
thematics, ill which simple and abstract properties, and 
the relations of quantities, primitively considered in pure 
mathematics, arc applied to sensible objects; us in astro¬ 
nomy, hydrostatics, optics, &c. 

A BSTR ACT Number, is a number, or collection of units, 
considered in itself, without being applied to denote a col- 
Ictuipn of any particular and determinate things. So, 
foT^xivinplc, 3 is an abstract number, so far as it is nut 
opjdied ta»mcthing: but when we say 3 feet, or 3 per¬ 
sons, the 9 is no longer an abstract, but u conCR'tc num¬ 
ber. 

ABSURD, or Absvrdum, a term commonly used in 
demonstrating converse propositions; a mode of demon¬ 
stration, in which the proposition intended is not proved 
in n direct manner, by principles before laid down ; but 
it proves that the contrary is absurd or impossible^, and 
so indirectly, as it were, proves the proposition itself. The 
4th proposition in the first book of Euclid, is the first in 
which he makes use of this mode of proof; where he 
shows that if the extremities of two lines coincide, those 
lines will coincide in all their parts, otiicrwisc they would 
inclose a space, which is absurd or contrary to the lOlh 
axiom: Most converse propositions are proved in this 
way, which mode ofproof is called rcductio ad absurdum. 

ABUNDANT NtiMBEn, in Arithmetic, is a number* 
whose aliquot parts, added all together, make a sum 
which is greater than the number itself. Thus 12 is aii 
abundant number, bccaiiso iU aliquot parts, namely l,%, 
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3, 4, 6» when added together, make l6, which is greater 
than the number 12 itself. 

An abundant number is opposed to a deficient one, 
which is less than the suih of its aliquot parts taken to* 
gethcr, as the number 14, wliose aliquot parts, 1, 2, 7* 
make no more than 10; and to a perfect number, which 
is exactly equal to the sum of all its aliquot parts, as the 
number 6, which is equal to the sum of 1,2, 3, its ali¬ 
quot parts. 

ACADEJillClAN, a member of a society called an 
academy, instituted for the promotion of arts, sciences, or 
natural knowledge in general* 

ACADEMICS, an ancient sect of philosophers, who 
followed the doctrine of Socrates and Plato, as to the 
unceruiinty of knowledge, and the incomprehensibility of 
truth. 

Academic,in this sense, amounts to much thcsftmc with 
Plaionist; the difference between them being only in 
point of time. Those who embraced the system of Plato, 
among the ancients, were called Academici, academician 
nr academic; whereas those who did the same since the 
restoration of learning, have assumed the denomination 
of Platonists* 

There are usually reckoned three sects of academics; 
though some make five. The ancient academy was that 
of which Plato was the chief. Arcessilas, one of Plato's 
successors, introducing some alterations into the philoso* 
phy of this sect, founded what is called Uie second aca-* 
demy. The establishment of the third, called also the 
new academy, is attributed to Lacydes, or rather to Cur- 
ncadcs. Some authors add a fourth, founded by Philo ; 
and a fifth, by Antiochus, called the Antiocbati, which 
tempered the ancient academy with Stoicism. 

I'he ancient academy doubted of every thing; and 
carried this principle so far as to make* it a doubt, whe¬ 
ther or no they ought to doubt* It was a kind of a prin¬ 
ciple with them, never to be certain or satisfied of any 
thing; never to affirm or to deny any thing, cither for 
true or false* 

The new academy was somewhat more reasonable; they 
acknowledged several things for truths, but without at¬ 
taching themselves to any with entire assurance* These 
philosophers bad found that the ordinary commerce of 
life and society was iuconbistcnt with the absolute and 
universal doubtfulness of the ancient academy: and yet 
it is evident that they looked upon things rather as pro¬ 
bable, than as true and certain: tl)is amendment 

thinking to secure themselves from those absurdities into 
which the ancient academy had fallen. 

ACADEMIST, the same as Academician. 

ACADEMY, Acaueuia, in Antiquity, a fine villa or 
pleasure-house, in one of the suburbs of Athens, about a 
mile from the city; where Plato, and the wise men who 
followed him, held assemblies for disputes and philoso¬ 
phical conCprence; which gave the name to the sect of 
Academies* The house took its name, Academy, from 
one Academus, or Ecademus, a citisen of Athens, to 
whom it originally belonged ; be lived in the time of Th^ 
scus: and here he used to have gymnastic sports or ex¬ 
ercises. 

The academy was further improved by Cimon, and 
adorned with fountaftis, trees, shady walks, &c, for the 

f nvenicocc of the philosophers and men of learning, who 
re met to confer and dispute for their mutual improve- 
^ meiir. U was surrounded with a wall by Hipparchus, 


the son of Pisislrnlus; and it was aivo used as the bur\- 
iug^placc for illustrious per^ns, who had desvrv<>cl wtdl 
the republic. 

It was here that Plato tnught his philosophy ; and 
hence it was that all public places, destined for the as¬ 
semblies of the icarr^ed and ingenious, have been sinr*- 
called Academics.—Sylla sacrUiced tlic delicious uaik> 
and groves of the academy, which had been planted by 
Cimon, to the ravages of war; and employed those very 
trees in constructing machines to butter the walls of the 
city which they had adorned.—Cicero too had a villa, or 
country retirement, near Puzruoli, which ht called by 
the same name, Academia. Here he used to entertain his 
philosophical friends; and here it was that he composeni 
his Academical Questions, and his books De NaturA Dc- 
oruro. 

Academy, among the moderns, denotes a regular so¬ 
ciety or company of learned persons, instituted under the 
protection of some prince, or other public authority, fur 
the cultivation and improvement of arts or sciences* 

Some authors confound Academy with University ; but 
though much the same in Latin, they are very different 
things in English. An university is properly a body com¬ 
posed of graduates in the several faculties; of professors, 
who teach in the public schools; of regents or tutor>. 
and students who learn under them, and aspire likewise 
to degrees. Whereas, an academy is not intended to teach, 
or profess any art or science, but to improve it: it is not 
for novices to be instructed in, but for persons of learning 
to confer in, and communicate their lights and di:»covi:- 
ries to each other, for their mutual benetit and improve¬ 
ment. 

The iirst moilern academy we road of, was established 
by Charlemagne, by the advice of Alcuin, an English 
monk: it was composed of the most intelligent men of 
the court, the emperor himself being a nieml^r* In their 
academical conferences, every person was to give some 
account of the ancient authors he hod read; and each 
one assumed the name of some ancient author, that 
pleased him most, or some celebrated person of antiquity. 
Alcuin, from whose letters we learn these particulars, 
took that of Flaccus, the surname of Horace; a young 
lord,‘named Augilbert, took that of Homor; Adelard, 
bishop of Corbie, was called Augustin; Recluse, bishop 
of Mentz, was Dametas; and the king himself, David. 

Since the revival of learning in Europe, academies 
have multiplied greatly, most nations being furnished with 
several, and from their communications the chief im¬ 
provements have been made in the arts and sciences, and 
in cultiv-ating natural knowledge* There arc now acade¬ 
mies for almost every art, or species of knowledge; but 
wc shall give a short account only of those institutions of 
this kind, which regard the cultivation of mathematical 
or philosophical subjects, which are the proper and pecu¬ 
liar objects of our undertaking. 

Italy abounds more in academies than any other coun¬ 
try; there being enumerated by Jarckius not less than 
five hundred and fifty; and even to the amount of twenty- 
five ill Milan itself* These are, however, mostly of a pri¬ 
vate and inferior nature* 

The first academy of a philosophical kind was esta¬ 
blished at Naples, iu the house of Baptista Porta, about 
the year 1560, under the name of Academia Secretorum 
Natura; being formed for the improvement of natural 
and mathematical knowledge. This was succeeded bv the 
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Academy of fouiulvil at Uuinc Uy prince iic- 

<l<Tick Ccsi, towards the end of the same century. It was 
rendered famous by the notable discoveries made by seve¬ 
ral of its members; among whom nas the celebrated Ga¬ 
lileo Galiki* 

Several other academics contributicl also to the ad- 
vancemctu of the science's ; but it was by speculaliuns 
rather than by repeated experiments on the phenomena 
of nature: such wi re the academy of iiessurian at Rome, 
and that of Laurence <le Medicis alKlotence, in the 15th 
cetUury ; and ui the l6th (hose of inliammuti at Padua, 
of Vegna Juoli at Rome, of Ortuluiu at Placentia, and of 
L midi ut 1'lorelire, were ctinstifutcd. The first of tin sc 
studied lire and |i) rotechiiia; the second, wine and vine¬ 
yards; tlic third, pol‘herbs un<l gardens; the fourth, wa¬ 
ter and hydraulics. ^I'o these may be added that of \*e- 
nice, called 1^1 \ eni ta, and foniuled by Frederick Bado- 
era, a noble N'eiKtian ; another in the same city, o( which 
Canijicgio, bishop of Feltro, appears to have been the 
chief; also that of Cosi'iiza, or La Consentina, of which 
Kernndin Telesio, Sertorio Quatromanni, Paulus Aquinas, 
Julio Cavalcanti, and Fabio Cicali, celebrated philoso¬ 
phers, were the chief mcinbc'rs. Idie compositions of nil 
these academics, of the Ibth century, were good in their 
kind; but none of them compurubic to those ol the 
Lyncei. 

Acadckiy c^el CimentOf that is, of Experiments, arose 
at Florence, some years after the death of Torricelli, 
namely in the year 16579 under the protection of prince 
Leopold of Tuscany, afterwards cardinal dc Mcdicis, and 
brother to the Grand Duke Ferdinand the Second* Gali¬ 
leo, Toricelli, Aggiunti, and Viviani had prepared the way 
for it: and one of its chief members was Paul del Buonu, 
who in 1657 invented the instrument for trying the in¬ 
compressibility of water, which was a thick globular shell 
of gold, having its cavity filled with water; the globe be¬ 
ing compressed by a strong screw, the water came through 
the pores of the gold, rather than yield to the strong 
compression: there were also, Alphonsus Borclli, well 
known for Iiis ingenious treatise Do Slotu Animalium, and 
other works; Candido del Buono, brother of Paul; Alex¬ 
ander Marsilli, Vincent Viviani, Francis Rhcdi, and the 
Count Laurence Magalolti, secretary of the academy, 
who published a volume of their curious experiments in 
l667i under the title of Saggi di Natural! Lsperienze ; a 
copy of which being presented to the Royal Society, it 
was translated into English by Mr. Waller, and published 
at LA>tidon, in 4(o, 1684: being A curious collection of 
tracts, containing ingenious experiments on the pressure 
of the air, on the compressing of water, on cold, heat, 
ice, magnets, electricity, odours, the motion of sound, 
prujccJiles, light, &c, &c. But >yc have heard little or 
nothing more of the academy since that lime. It may 
not be improper to observe here, that the Grand Duke 
Ferdinand, nbovc mentioned, was himself no mean philo¬ 
sopher and chemist, and that he invented thermometers, 
of which the construction and use may be seen in the 
collection of the academy del Cimento* 

AcADESfV degP Inquicti, at Bologna, incorporated af¬ 
terwards into that della traccia in the SHme city, followed 
the example of that del Cimento. The members met at 
the house of the abbot Antonio Sampicri; and here Ge* 
miniano Montanari, one of the chief members, made ex¬ 
cellent discourses on mathematical an<l philosophical sub- 
jecU, some parts of which were published in 1667, under 


the title of Pensuri Fkico-Mathematici. This academy 
afterwards met in an apartment of Eustacliio Manfrcdi; 
and then in that of Jacob Sandri; but it arrived at its 
chief lustre wliile its assemblies were held in the palace 
IMarsilli. 

Acadf.my of Rossano, in the kingdom of Nap?<«, 
called La ^iociela Scienli/ir.a Rossanete dtgl’ Incvrio$i, was 
founded abonl the year 1540, under tlic name of Navi, 
ganti; and was renewed under that of Spcnsierali, by Ca- 
millo 'luscano, about the year l6t)0. It was then an 
academy of l)clles-lettre5 ; but was afterwards transformed 
into an academy of sciences, on the solicitation of the 
learned abbot Don Giacinto Gimma; who, bi-ifig made 
president umler the title of promoter-general, in 16‘95, 
gave it a licvv set of regulations, lie disided the acade¬ 
micians into several class<-s, namely, grammarians, rlieto* 
riciniis, poets, historians, philosophers, pliysicians, inu- 
thematicians, lawyers, and divines; with u separate class 
for cardinals and persons of rpiulily. To be udmilteil u 
member, it was nec^ssnry that the candi<lalc should ha'c 
degrees iu some faculty. Members, in the title of their 
books, are not allowed to use the name Academist without 
a written permission from the president, which is not 
granted till the work has been examined by the censors of 
the academy. '] liis permission is the highist honour the 
academy can confer; since they hereby, as it were, adopt 
the work, and engage to answer for it against any criti* 
cisms that may be made upon it. The president himself 
is not exempt from this law: nor is any academician per¬ 
mitted to publish any thing ugninst the writings of ano¬ 
ther, without leave obtained from the society. 

There have been several other academies of sciences in 
Italy, but they have not long subsisted, for want of the 
support of the reigning princes. Such were at Naples 
that of the Invetti^anU, founded about the year J6r*)i by 
the marquis d'Arena, Don Andrea Concubletio; and that 
which, about the year 16^8, met in the palace of Don 
l.cwis della Cerda, the duke dc Medina, and viceroy of 
Naples: at Rome, that of Pisico-Malanntici, which in 
16'86 met in the house of Signior Ciompini; at \'erona, 
that of AleiofiH, founded the snme year by Signior Joseph 
Gazola, and which met in the house of the count Seren* 
glii della Cucca: at Brescia, that of fiUtotici, founded 
the same year for the cultivation of philosophy and ma¬ 
thematics, and terminated the year following: that of F. 
Francisco Lana, a ji'suit of great skill in these sciences: 
and lastly, that of Fitico-C^Uici at Sienna, founded in 
1691, by Signior Peter Maria Gabrielli. 

Some other academics, still or lately subsisting in Italy, 
repair with advantage the loss of the former. One of the 
principal is the academy of Filarmunici at Veronn, sup¬ 
ported by the marquis Scipio MafTci, one of the most 
learned men in Italy; the members of which academy, 
though they cultivate the belles-lettres, do not neglect the 
sciences. The academy of Afcorrari at Padua still sub¬ 
sists with reputation; in which, from time to time, learned 
discourses nre held on philosophical subjects. I'hc liko 
may be said of the academy of the Muti di Reggio, at 
Modena. At Bologna is an academy of sciences, in a 
flourishing condition, known by the name of The Institute 
of Bologna; which was fuundc'd 1712 by count Mar- 
sigli, for cultivating physics, mathematics, medicine, che¬ 
mistry, and natural history. The history of it is written 
by M. de Limiers, from memoirs fumUbed by the foundff 
himself. Among Ifac new academics, that which ranks 
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finsl, after the Institute of Bologna, is* given to that of the 
Countess Donna Clelio Grillo Boromeo, one of the most 
learned ladies of the age, to whom Signior Gimma dedi^ 
cates his literary history of Italy, bhe had lulely esta¬ 
blished an academy of expe rimental philosophy in lier 
palace at Milan; of which bi^nior Vallisnien was uoini- 
nuled president, and had already drawn up the rcgula- 
Mons for it, though we do not find it has ever taken place. 
In the number of ihese ucudemics may also be ranked 
the assembly of the learned, who of late years met at Ve¬ 
nice in the house of Srgnior Cristino Martinelli, a noble 
\'enetian, and u great patron of learning. 

AcaDESiiA G/smograjica^ or that of the Argonauts, 
was instituted at Wnice/at the instance of F. Coronelli, 
fur the improvement of geography; the design being to 
procure exact maps, gcx)gniphical, topographical, hydro- 
gruphica), and ichiiugmphical> of the celestial as well as 
terrestrial globe, and their several regions or parts, toge¬ 
ther with gcogi'aphical, historical, and astronomical de¬ 
scriptions, accommodated to them: to promote which 
purposes, the several members oblige themselves, by their 
suhscriptioii, to take one copy or more of each piece pub¬ 
lished under the direction of the academy; and to ad¬ 
vance the money, or part of it, to defray the charge of 
publication. To this end tlirec societies were settled, 
namely ul Vcjiice, Paris, and Rome; the first under F. 
More, provincial of the Minorites of Hungary; the se¬ 
cond under the abbot Laurence au Rue Payenne au Ma¬ 
rais; the third under F. Ant. Oaldigiani, Jesuit, professor 
of mathematics in the Roman college; to whom those 
addressed themselves wbo were willing to engage in this 
design. The Argonauis numbered near 200 members, in 
the different countries of Europe; and their device is the 
terraqueous globe, with the motto Plus ultra. All the 
globes, maps, and geographical writings of F. Coronelli 
have been published at the expense of this academy. 

The Academy of AputUttf or Impartial Academy, 
deserves to be mentioned on account of the extent of its 
plan, including universally all arts and scieaces. It bolds 
from time to time public meetings at Florence, where any 
person, whether academician or not, may read his works, 
in whatever form, language, or subject; the'hcadcmy re¬ 
ceiving all with the greatest impartiality. 

Id France there are many academics for the improve¬ 
ment of arts and sciences. F. Mersenne, it is said, gave 
the firAidca of a philosophical academy in France, about 
the beginning of the seventoemth century, by the confe¬ 
rences of mathematicians and naturalists, held occasion¬ 
ally at his lodgings; at which l)es Cartes,'Gassendus, 
Hobbes, Robrrval, Pascal, Blondel, and others, assisted. 
F. Mersenne proposed to each of them certain problems 
lo examine, or ccruiu experiments to be made. These 
private assemblies were succeeded hy more public ones, 
formed by M« Monmort, and M. Thevenot, the cele¬ 
brated IravcllcT. The French example animated several 
Englishmen of nifik and learning to erect a kind of pld- 
lusupbical academy at Oxford, towards the close of Crom- 
wclFs administration; which after the restoration was 
erected, by public authority, into a Royal Society: an 
account of which sec under the word. The Englivh ex¬ 
ample, in its turn, animated the French. In l666 Louis 
XIV, assisted by the counKds of M. Colbert, founded an 
academy of sciences at Paris, called The 

Acadekie lioyaU da ScUnca, or Hoyal Acndmjf pf 
Hcicnca, fur tbc improvemeut of philosophy,.malhema* 
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tics, chciiiJ^try, medicine, belles-lei(res, iJcc. Ainonj; the 
principal members, at the comuienccrneiu in 1666, weie 
the ropeciablc names of Carcavi, Huygens, RuLcrvul, 
Frcnicle, Au^out, Picard, Uuot, Du Harnel the Sicrelary, 
and Mariotlc. There was a perfect equality arnon^ all 
the members, an<l many of l tie in received salarit^s from 
the king. By the rules of ihe ac.adcrny. every class was 
to ineel tvrice a week; the philoscqihers an<l geometricians 
were to meet, separately, every Wednesduj, and then both 
together on the Saturday, in a room of the king's library» 
where the philosophical and mathematical hooks were 
ki |>i: the history class was to meet on the Monday and 
I'hursday, in the room of the historical books: and the 
class of belles-lettres’ on the 1 uesday hiuI Frida) : and 
on the first Thursday of every month all the classes met 
together, and by tbeir secretaries made a mutual report 
of what had been transacted by each, during the preced¬ 
ing month. 

In 1699, 01^ application of the president, the abb6 
Bignon, the academy received, under royal authority and 
protection, a nesv form and constitution; by the articles 
of wliich, the academy was lo consist of four sorts uf 
members, namely honorary, pensionary, associates, and 
eleves. The honorary class to consist of ten persons, and 
the other three classes of twenty persons each. The pre- 
si<lent to be chosen annually out of the honorary* class, 
and the secretary and treasurer to be perpetual, and of 
the pensionary class. The meetings to be twice a week, 
on the Wednesday and Saturday; besides two public 
incetitigs in the year. 

Of the pensionaries, or those w ho receive salaries, three 
to be geomclricinns, throe astronomers, three mechanists, 
three anatomists, three botanists, and three chemists, the 
other two being the secretary and treasurer. Of the 
twenty associates, of which twelve to be French, and 
eight might be foreigners, two were to cultivate geome¬ 
try, two astronomy, two mechanics, two anatomy, two 
botany, and two chemistry. Of the twenty clevcs, one to 
he attached to each pensionary, niul to cultivate his pe¬ 
culiar branch of science. The pensionaries and their 
eUves to reside at Paris. No regulars nor religious to be 
admitled,^exccpt into the honorary class: nor uny person 
to be admitted a pensioner who was not known by some 
considerable work, or sonic remarkable discovery. 

In 1716 the Duke of Orleans, then regent of France, 
by the king's authority made sonic alteration in their con¬ 
stitution. The class of cloves was suppressed; and in¬ 
stead of them were instilured twelve adjuncts, two lo 
each of the six classes of pensioners. The honorary mem¬ 
bers were increased to twelve: and a class of six free as¬ 
sociates v«as made, who were not under the obligation of 
cultivating any particular branch of science, and in this 
class only could the n^gulars or religious be admitted. A 
president and vice*presidcnt to be appointed annually 
from tbc honorary class, and u director and sub-director 
annually from that of the pensioners. And no person lo 
be allowed to make use of his quality of academician, 
in the title of any of his books that he publisbcdi unless 
such book were fiist approved by the academy. The 
academy bud for a device or motto, Invenit et periicit. 
And the inecungH, which were formerly held in the king^s 
library, since the year 1699 wxre held in a fine hall of 
the old Louvre. 

Finally, in the year 1785, the king confirmed, by let¬ 
ters patent, dated .4pril 23, the establishment of the aca- 
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.lomyof science-, making the following a!u rations, and 
addine chisscs o|- agriculture, natural history, mineraloay, 
and nhysics; incorporating the associates and adjuncts, 
and limiting the number <>( members to six each class, 
namely three pensioners and three associates; by « ic i 
the former received an increase of salary, and the latter 

Hoproaclicd nearer to bccoining pensioners. , v , 

By the articles of this instrument it was ordained, that 
the academy shall consist of eight classes, Isl geometry^ 

2d astronomy, 3d mechanics, 4lh general physics, 6tb 
anatomy, 6th chemistry and metallurgy, 7th botany and 
agriculture, and 8th natural history and mineralogy. 
That each class shall remain irrevocably fixed at si.x 
members; namely, three pensioners and three associates, 
independent however of a perpetual secretary and trea¬ 
surer; of twelve frce-associatcs and of eight associate 
strangers or foreigners, the same as before, except that 
the ailjunct-gcographer for the future to be called the as¬ 
sociate-geographer. 

The classes at first to be filled by the following persons, 
namely, that of geometry by Messieurs dc Hordi^ Jeau- 
mt, Vandermonde, as pensioners; and Messieurs Cousin. 
Meusnier, and Charles, as associaU-s : that of astronomy 
by Messieurs le Moimicr, dc la Lande, and le Gcntil, as 
pensioners; and Messieurs Messier, de Cassini, and Da- 
eclat, as associates: that of mechanics by Messieui-s TabW* 
Bossut, l’abb6 Rochon. and dc la Place, as |K;n>ioners; 
and Messieurs Coulomb, le Gendre, and Perrier, as as¬ 
sociates: that of general physics by Messieurs Leroy, 
Brisson, and Bailly, as pensioners; and Messieurs Monge, 
Mcchain, and Quatrcn«re, as associates: that of ana¬ 
tomy by Messieurs Daublulon, Tenon, and Portal, ns 
pensioners; and Messieurs Sabatier, Vicq-d'azir, ami 
Broussonel, as associates: that of chemistry aod metal¬ 
lurgy by Messieurs Cadet, Lavoisier, and Bcaume, as 
pensioners; and Messieurs Cornette, BerthoUct, and Four- 
croy, as associates; that of botany and agriculture by 
Messieurs Guctiard, Fnugcroux, and Adanson, as pen¬ 
sioners ; and Messieurs dc Jussieu, dc la March, and Des- 
fonlaincs, as associates: and that of natural history and 
mineralogy by Messieurs Desmaretz, Saye, and rabb6 dc 
Gua, as pensioners; and Messieurs Darcct, I'abb^ Hauy, 
and I'abbi Tessier, as associates. All names respectable 
in the commonwealth of letters; and from whom the 
world might expect still further improvements in the se¬ 
veral branches of science. 

The late M. Rouille dc Meslay, counsellor of the par¬ 
liament of Paris, fonnded two prizes, the one of 2500 
livres, the other of 2000 livres, which the academy dis¬ 
tributed alternately every year; the subjects of tlie former 
prise respecting physical astronomy; and of the latter, 
navigation and commerce. 

The world is highly indebted to this academy for the 
many valuable works they have executed, or published, 
both individually and os a body collcclively, especially 
by their memoirs, making upwards of a hundred volumes 
in 4to, with the machines, indexes, &c. in which may 
be found most excellent compositions in every braucb of 
science. They published a volume of these memoirs every 
year, with the history of the academy, and clogcs of re¬ 
markable men lately deceased: also a general index to 
the volumes every ten years. An alteration was intro¬ 
duced into the volume for 1783, which it seems was to 
be continued in future, by omitting, in the history, the 


minutes or cxtracu from the registers, containing some jects and pursuits. 


preliminary .account of the subjects of the memoirs; 
but still however retaining the clogcs of distinguished 
men, lately deceased, 

M. rabbit Rozicr also published, in four quarto vo- , 
lumes, an excellent index of the contents pi all the 
volumes, and the writings of all the members, from the 
beginning of their publications to the year 1770; with 
cofivenient blank spaces for continuing the articles in 
writing. 

Their history also, to the year 1097, was written by 
M. Du Hamel; and after that time continued from year 
to year by M, Fontenelle, under the following titles, Du 
Hamel llistoria Regia; Academia; Scienliarum, Paris, 4lo. 
Histoirede TArademic Royalc dcs Sciences, avec Ics Me- 
moircs de Matliematiquc et dc Physique, lirez des Regis- 
tres lie rAcademie, Paris, 4lo. Histoirede I’Acndemic 
Royale des Sciences depuis son ctablissemciit cn 1666, 
jusqu’en 1699, 13 tomes, 4to. A new history, from 

the inslilulion of the academy, to the period from whence 
M.de Fontenelle commences, has been formed; with a 
series of the works published under the name of this aca¬ 
demy, during the first interval. 

The French revolution, however, gave occasion to the 
new-modeling of the Academy in 1798, as well ns on al¬ 
teration in its name, (See Institute.) The memoirs of 
the academy arc comprehended in 139 volumes, 4to; 
VIZ. 11 vols. from its foundation in 1666, to its renewal 
in 1699; 92 vols. from 1699 to 1790; H vols. of me¬ 
moirs presented to the academy, 9 vols. of prizes, 9 of 
tables, and 7 of drawings of nNicInnes. 

*Bcsidcs the academics in the capital, there were a great 
many in other parts of France. The 

Academie Hoyale, at Caen, was established by letters 
patent in Uic year 1705;* but it had its rise fifty years 
earlier, in private conferences, held first in the house of 
M. dc Brieux. M. dc Segmis retiring to this city, to 
spend the rest of his days, restored and gave new lustre 
to their meetings. In 1707 M- Foucault, inicndant of 
the generality of Caen, procured the king's letters patent 
for erecting them into a perpetual academy, of which 
M. Foucault was to be protector for the time, and the 
choice afterwards left to the members, the number of 
whom was fixed to thirty, chosen for this time by M. 
Foucault. But besides the thirty original members, leave 
was given to add six supernumerary members, from the 
ecclesiastical communities in that city. ^ 

At Toulouse was the Academic desjeuxjioraiix, com¬ 
posed of forty persons, the oldest of the kingdom: be¬ 
sides an academy of sciences and belles-lettres, founded 
in 1750. 

At Montpelier, (be royal society of sciences; which, 
after 1708, was united wiUi the royal academy of sciences 
at Paris. 

Other academies were also established: at Bourdeaux, 
founded in 1703: at Soissons in 1674, at Marseilles in 
1726, at Lyons in 1700, at Pau in Bearn in 1721, at 
Montaubon in 1744, at Angers in l685, at Amiens in 
1750, at Villcfranclic in 1679, at Dijon in 1740, at Niines 
in 1682, at Besanpon in 1752, at Chalons in 1775, at 
llochcllo in 1734, at Beziers in 1723, at Rouen in 1744, 
at Metz in 1760, at Arras in 1773> Acc. The number of 
these academies is continually augmenting; and even in 
such towns as have no academies, the literati form them¬ 
selves into literary societies, having nearly the same ob- 
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In Germany and oOior parts of Europe there are va- And soon after the acadc-mv composed the first volume of 
lions academies of sciences, iSiC. 'l lic their works, puhlished in 17-28, under the title of Coin- 

AcaDemip. Hoya/e des Sciences cl dts BcUes-Leilres oi inentarii Academic Scieniiarum Imperials Pctropolita- 
Prussia, was founded at Berlin, in the year 1*00, by Fre- na?; which they continued almost annually till 1740, the 
deric i. king of Prussia, of which the celebrated M. Li-il>- wliole amounting to 14 \olnnu i, which wen- published in 
fdiz was the first president, and its great promoter. The Latin, and the subjects divided and classed under the fol- 
academy received a new form and a new set of st,itutJs lowing heads, namely mathematics, piiysics, history, and 
in 1710; by which it was ordained, that the president astronomy. Their device a tree Uuiing fruit not ripe, 
shall be one of the counsellors of state; and that the with the modest motto Paullatiin. 

members be divided into four classes; tbe/irst to culti- Most part of the strangers wbo composed this academy 
vate physics, medicine, and chemistry; the second, nia- being dead, or having retired, it was rather in a languish- 
thcmatics, ai.tronomy, and mechanics; the thinl, the ing stale al the beginning of the reign of the cmiiress Eli- 
German language, and the history of the country; and zalieth, when the count Rasomowski was happily a|>- 
ihe fourth, oriental learning, particularly as it may con- poinled president, who was instrumental in recovering its 
cern the propagation of the gospel among infidels. That vigour and labours. 'I'his empress renewed and alteied 
each class elect a director for themselves, who shall hold its constitution, by letters patent dated July 24, 1747, 
his post for life. Thai they meet in the castle called the giving it a new form and regulations. It consists of two 
New Marshal, the classc-s to meet in their turns, one each chief parts, an academy, and a university, having regu- 
week. And that the members of any of »hc classes have lar professors in the several faculties, who read lectures 
free access into the assemblies of the rest. Several vo- as in our colleges. The ordinary assemblies are held 
lumes of their transactions have been published in Latin, twice a week, and public or solemn ones tbricc in the 
from time to time, under the title of Miscellanea Beroli- year; in which an account is given of what has been 
iicnsia. done in the private ones 'I he academy has a noble build- 

in 1743 I’rederic it. king of Prussia made great alte- ing for ilieir meetings, &c, with a good apparatus of in- 
rations aiid iinprovero'enls iu the academy. Instead of a struroents, a fine library, observatory. &c. Their first 
great lord .or minister of state, who had usually presided volume, after this renovation, was published for the years 
over the academy, he wisely judged that office would bo 1747 and 1748, and they have been since continued from 
better filled by a ninn of letters; and be honoured the year to year, now to a great number of volumes, under 
French academy of Sciences by fixing upon one of its the title of Novi Commeniarii Academia* Scientinrum Im- 
members for a president, namely M. Maupertuis, a dis- perialis Petropolitame. Tbey arc printed in the I.:ilin 
tinguisbod character iu the literary world, and whose con- language, and contain many e.xcellciil compositions in all 
duct in improving the academy was a proof of the sound the scienc<*s, especially the mathematical papers of the 
judgment of the king, who at the same lime made new lute excellent M. L. Euler, which ulways made a consi- 
regulations for the academy, and took the title of its Pro- dcrable |>ortion of every volume. The subjects arc classed 
lector, i' roin tlial time the transactions of the academy under heads in the following order, mulbemnlics, physico- 
have been published annually, under the title of Histoiro mathematics, physics, which include botany, anatomy, 
de I'Aeadcmie Royalc des Sciences ct Belles Lettres d i<c, and astronomy; the whole prefaced by historical 
Berlin, much in the manner of those of the French aca- extracts, or minutes, relating to each paper or memoir, 
demy of sciences, and in the l-rcnch language; particu- after the manner of the volumes of the French academy; 
larly enriched with the compositions of the celebrated but wanting however the c-logcs of deceased eminent men. 
Euler, and other learned men. Besides the ordinary pri- Their device is aheap of ripe fruits piled ou a table, 
vate meetings of the academy, it has two public ones in with the motto En addit Kructus »late recentes. After 
the year, iu January and May; at the latter of which is the death of Euler, in I7d3, who had been many years 
given a prize gold medal, of the value of 50 ducats, or the president, that important literary office wns, by the 
about 20 guineas, Tbe subject of Uic prize is succes- empress Catharine, conferred on the princess Da-irhkuf. 
sively physics, mathematics, metaphysics, and general li- Imperiul and Royal Academy Sciences and Belles- 
tcraturc. For the academy has this peculiar circum- Ixtires, at Brussels. This acadi-niy was founded in the 
stance, that it embraces also metaphysics, logic, and mo- year 1773; and several volumes of their memoirs have 
rality; having one class particularly appropriated to these been piiblisbcd. 

objects, called the class of Speculative Philosophy. Academy of Sciences, at Stockholm, was insti- 

Imperittl hCA\i%\s\qf Peierthuig. This academy was tuteU in 1739, and since that time it has published a great 
projected by the czar Peter i, commonly called Peter the many volumes of intnsactions, quarterly, in 8vo, in the 
Great, who in so many other inttances also was instru- Swedish language. 

mental in raising Russia from the stale of barbarity in For an account of the Royal Society of London, and 

which it bad bMii iminerged for so many ages. Having severnl other similar iostiiuiions, see the words Journal, 
visited Prance in 1717, and among other things informed Society, &c. 

himself of the advantages of an academy of arts and sci- American Academy qf Arts and Science*, was esta- 
eiices, he resolved to establish one in his ucw capita), hlished in I7S0 by the council and bouse of representa- 
whitber he bad drawn by noble cjicouragemeiits several lives in the province of Massachuset’s Bay, for promoting 
learned strangers, and made other preparations, when his the knowledge of the antiquities of America, and the 

death prevented him from fully accomplishing that ob- natural history of the country; for determining the uses 

ID the beginning of the year 1725. Those prepara- to which its various natural productions may be applied; 
lions and intenuons however were carried into execution for encouraging medicimU discoveries, mathematical dis- 
l c same year, by the establishment of the academy, by quisilions, philosophical inquiries and experiments, nstro- 
nts consort the czarina Catharine, who succeeded him, nomical, meteorological, and gcograpliical observations. 
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fin.l improvements in agriculture, manufactures, aiul com¬ 
merce; ami, in short, for cultivating every art and sci¬ 
ence, which may tcml to advance the interest, honour, 
<li<»nity, and happiness, of a free, indt penrlcnt, and virtu¬ 
ous people. The members of this academy are never to 
he h-ss than forty, nor more than two hundred. 

Academy is aUo used among us for a kind of colle¬ 
giate school, or seminary ; where youth are instructed in 
the libera! arts and sciences in a private way: now indeed 
It is for all kinds of schools. 

Frederic i, king of Prussia, established an academy 
Hcilin in 1703, for educating the young nobility of the 
court, suitable to their extraction. The cxpeuce of the 
students was very ino<lcmle, the king having undertaken 
to pay the extraordinaries. This illustrious school, 'vhich 
was then c^nllod the academy of princes, has now lost 
much of its first splendour. 

The Romans had a kind of military academies esta¬ 
blished in all the cities of Italy, unilcr the name of Cainpi 
Martis. Here the youth were atlmilted to be trained for 
war at the public expense. And the Greeks, besides aca¬ 
demies of this kind, had military professors, called Tac- 
tici, who taught all the higlier offices of war, &c. 

\Vc have three royal academies of this kind in Fngland, 
the expenses of which are defrayed by the gosermnent; 
the one at Woolwich, for the artillery and military engi¬ 
neers; another at Portsmouth, for the navy; and the third 
at Sandhurst near Ifiigshut, called the Royal Military 
College, for educating officers for the army in general. 
(Sec College.) The first was esiablisheil by his majesty 
king George n, by warrants dated April the 30th and No¬ 
vember the 18lh, 1741 , for instructing persons belonging 
to the military pari of the ordnance, in the several bran¬ 
ches of inalhematics, fiirtificaiion, &c, proper to cjualify 
them for the service of artillery and the office of engi¬ 
neers. This institution is under the direction of the ma¬ 
ster-general atid board of ordnance for the time being: 
and at first the lectures of the masters in the academy 
were attended by the practitioner-engineers, with the offi¬ 
cers, serjeants, corporals, and private men of the ortillery, 
besides the cadets. At present, however, none ore educated 
there but the gentlemen cadets, to the number of 180« 
The master-general of the ordnance is always captain of 
tbc cadets' company, and governor of the academy; 
under him arc a lieutenant-governor, and an inspector of 
of studies, The masters have been gradually increased, 
from two or three at first, now (in 1814) to almost twenty; 
namely, a professor of mathematics, and si.x or seven 
other mathematical masters, a professor of fortification, 
and two assistants, two drawings masters, two French ma¬ 
sters, with masters for fencing, dancing, and chemistry. 
ITiis institution is of the greatest consctiuence Co the state, 
and it is hardly credible that so important on object 
should be accomplished also trifling an expense* 

The Royal Naval Academy at Portsmouth was founded 
by George 1 , in 1722, for instructing young gentlemen in 
the sciences useful for navigation, to educate them for the 
royal navy* The establishment is under the dinxtion of 
the lK)ard of admiralty, who give salaries to the different 
masters, by one of whom the students arc boarded and 
lodged, the expense of which is defrayed by their own 
friends, nothing being supplied by the government but 
their education*—This academy has been lately new-mo¬ 
deled, and its name changed to the Royal Naval College* 
See College. 


acanthus, in Architecture, the haves of a plant 
wbicli forms the ornament of the capita! ot the Conn- 
thian order. See Abacus. 

ACCIT FRATKD Motianf >s that which receives Iroli 
acccssioii.'oV velocity; an<! the accclemtion may Uc ei¬ 
ther cmiaUe or variable: if the accessions of vcloci y 
be al«uy> iMiiial in equal times, the motion is saiJ to be 
cmiably ..r uniformly acccleralea : but it the accessions, 
in equal imics, either incr<-asc or decrease, then the mo- 
lion IS niiequably or variably accelerated. 

Acceleration is directly opposite to retardation, which 

denotes u diminution of velocity. 

Acceleration comes more particularly under consi¬ 
deration in physics, in respect to ll.c .Icsccnt of heavy- 
bodies, fulling freely towards the centre ot the earth. 

That h<j<lic 5 arc accrlcratcd in their descent is uvidoiu 
from various circumstances, which immediately strike 
the eye of an attentive observer: thus, the greater the 
height from whence u body falls, the greater impression 
it makes on the object upon which it impinges; and this 
incrca.se of action upon the fixed body, must necessarily 
arise from an increase of velocity in the moving one, or 
from its acceleration. Heforc the law of gravitation was 
known, which is now generally acknowledged to be the 
immediate cause of the acceleration of bodies, various 
fantastical hypothc-scs were advanced to account for this 
|ih.Tiioi}U'iioii; some ascribing it to the action ol the at¬ 
mosphere; others to a very subtile fluid, which they in¬ 
troduced for that particular purpose; others again, attri¬ 
buted it to a kind of instinct m bodies, by means of which 
they accelerated their motion as they approached towards 
the centre of the earth, that being considered as the place 
appropriated to their clement: these and various other 
hypotheses of a similar nature arc now entirely rejected, 
aiid would be wholly unworthy of being mentioned, did 
lliey not serve to show how much the knowledge of man 
is increased, and the solid foundation upon which the 
modern philosophy is established, when compared with 
tbc vague and hypothetical theories of the ancients. 

Lvi^ing therefore all 'such visionary causes of accele¬ 
ration, and only admitting the dxistcncc of such a force as 
gravity, so evidently inherent in all bodies, without re¬ 
gard to what may be the cause of it, the whole mystery 
of acceleration will be cleared up. Consider gravity 
then, with Galileo, only as a cause or force which acts 
continually on heavy bodies; and it will be easy to con¬ 
ceive that the force of gravitation, which determines bo- 
dies to descend, must by a ncccs.sary consequence acce¬ 
lerate them in falling. 

A body then having once begun to descend, by the im¬ 
pulse of gravity will continue to descend by Newton’s 
first law of nature, even though the first cause of its de¬ 
scent should cease. But besides this determination to 
move, impressed upon it by the first cause of motion, and 
which would be sufficient to continue to infinity the de¬ 
gree of motion already begun, new impulses are continu¬ 
ally superadded by the same cause; which continues to 
act upon the body already in motion, in the same manner 
as if it had remained at rest. There being now then twjo 
causes of motion, acting both in the same direction; it 
necessarily follows, that the motion which they unitedly 
produce, must be more considerable than that which either 
could produce separately. And as long as the motion is 
thus continued, the same cause still operating to incrcascit, 
the descent must necessarily be continually accelerated. 
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Supposing then that gravity, from whattver principle it 
arises, acts uniformly upon all bodies ut the same distance 
from the centre of the earth ; and conceive the lime 
which a heavy body takes in falling to the earth, to be 
divided into indefinitely small equal parts; gravity will 
impel the bodv toward the centre, in the first indefinitely 
short instant o’l the descent; and if after this w.c suppose 
the action of gravity to cease, the body will continue per¬ 
petually to advance uniformly toward the earth’s centre, 
with an indefinitely small velocity, equal to that which 
resulted from the first impulse. 

But if we suppose that the action of gravity still con¬ 
tinues the same after the first impulse ; in the second in¬ 
stant, or small pai t of lime, the body will receive a new 
impulse toward the earth, equal to that winch it received 
in the first instant; and consequently its velocity will be 
doubled; in the third instant, it will be tripled; in the 
fourth, quadrupled; in the fifth, quintupled; and so on 
continually: for the impulse made in any preceding in¬ 
stant, is no ways altered by that which is made in the fol¬ 
lowing one; but they arc, on the contrary, always accu¬ 
mulated on each other. 

So that the instants of time being supposed indefinitely 
small, and all equal, the velocity acquired by the falling 
body, will be, at every instant, proportional to the times 
from the beginning of the descent; and consequently the 
velocity will be proportional to the time in which it is 
produced. So that if a body, by (his constant force, ac- 
<iuire a velocity of feet in one second of time; it 
will acquire a velocity of.64y feet in 2 seconds, f^vt 

in 5 seconds, 12S^ in 4 seconds, and so on. .Furllier, 

all bodies, great or small, acquire, by the force of gra¬ 
vity, the same velocity in the same time. For every equal 
particle of matter being endued with an equal impelling 
force, namely its gravity or weight, the sum of all the 
forces, in any compound mass of matter, will be propor¬ 
tional to the sum of all the weights, or quantities of mat¬ 
ter to he moved; conscqucnily, the forces and masses 
moved, being thus constantly increased in the same pro- 
porliuii, the velocities generated will be the same in all 
bodies, great or small. That is, a double force moves a 

double mass of matter, with the same velocity that (he 

single force moves the single mass ; and so on. Or other¬ 
wise, the whole compound mass falls all together with the 
same velocity, and in the same manner, as if its particles 
were not united, but as if each fell by itself, separated 
all from one another. And thus all being let go at once, 
they would fail together, just as if they were united into 
one mass. 

The foregoing law of the descent of falling bodies, 
namely, that the velocities are always proportional to the 
times of descenl, as well as the following laws concern¬ 
ing the spaces passed over, &c, were first discovered and 
taught by the great Galileo, and that nearly in the fol¬ 
lowing manner. 

Because the constant velocity with which any body 
moves, or (he space it passes over in a given lime, as sup¬ 
pose one second, being multiplied by the time, or num¬ 
ber of seconds it is in motion, expresses the space passed 
over In that time ; and the area or space of a rectangular 
figure being denoted by the length multiplied by the 
breadth; therefore the space so run over, may bo consi¬ 
dered os a rectangle compounded of the time and velo¬ 
city, that is a ftctangle of which the time denotes the 
1<Hath, and llie velocity the breadth. Suppose then a to 
Vot. I. 



to be the lic.ny body which 
descends, and a n to de¬ 
note the whole time of its 
descent; which let be di¬ 
vided into a certain num¬ 
ber of equal parts, denoting _ 

intervals or portions of the I K 

given time, as a c, c l>, uc, Ac; and imagine the bod) 
to descend, during tlie time expressed by the first of tin- 
divisions ac, witli a ceriain uniform velocity arising from 
the force of gravity acting on it, which let be denoted by 
A P, the breadth of the rectangle c r ; then the space run 
through during the time denoted by a c, with the velo¬ 
city tienotod by a F, will be expres-sed by the rectangular 
space CF. 

Now the action of gravity having produced, in the first 
moment, tlie velocity a f, in the body, before at rest; m 
the first two moments it will produce the velocity co, 
the double of the former; in tlie tliird moment, to liie 
velocilyCG will be added one degree more, by which 
means will be produced the velocity Dll, triple of the 
first; and so of the rest; so that, during tlie. whole time 
A D. the body will have acquired the velocity b k. Hence, 
taking the divisions of the lino a B at pleasure; for ex¬ 
ample, the divisions ac, c D, Ac, for the times; the space- 
run through during tliosc limes, will be as the areas or 
rectangles CF, dg, Ac; and so the space described by 
the moving body during the whole time a b, vvill be equal 
to all the rectangles, that is, equal to the whole indented 
space B K I n o F. And thus it would happen if the iii- 
cicments of velocity were produced at tlie end of certain 
portions of time; for instance at c, d, Ac; so that the 
dearee of motion remains the same to tlie instant that a 
new ncccloration takes place. 

By CDticeivinix the divisions of time to bo shorter, fer 
example but half as long as the furmcr, the indentures oi 
the figure will be proponionably more contracted, and it 
will approach nearer to a triangle; and if these divisions 
be supposed infinitely small, that is, if increments of the 
velocity be supposed to be acquired continually, and at 
each indivisible particle of time, wiiich is n'ally the ca^e, 
the rtetangU^s so successively produced, will form a iri- 
angle, as a bc ; the whole lime a b consisting of minute 
portions a I, 1 2, 2 3, &c; and the area of the triangle 



ABC, of all the minute surfaces, or trapeziums, which 
answer to the divisions of the times; the urea of the whole 
triangle adc, will denote the space run through during 
thefwhole time ab; and the area of any smaller triangle 
A 7 gf denoting the space run through during thu corre^ 
Sliding time a 7. But the triangles 1 r;, a 7gt&c^ 
being similar, have their areas to each other as the squares 
of their like sides A I, a7, and consef|uenlly the 
spaces gone through, in any times counted from the be¬ 
ginning, are to each other os the squares of the limes. 

Hence, in any right-angled triangle, as a h c, the one 
side AB represents the tin>c, the other side bc the velo¬ 
city acquired in that time, and the area of tlic tiiuiigle 
the space described by the falling body. 
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J ri>m iln' prrr* ding <lrmi>ti«tialion is aKo dra«n this 
oil.Cl .’iiicral tiu'orcm, in inotifiis that arc imitormly ac- 
tileiauil; iKirncly, H-at a body .k•^c^•Hamg with a uni- 
formly uccvicratiil inolion, di»cnbts in the vvl.olc lime of 
lib dcbceni, a space, which is exactly the liall of that 
I'.hich i( would tlescrihe uniformly in the same time, with 
till velocity It has acquired at the end ol its accelerated 
fall, l or it hii' bceri bhov/ii that the wliule -jiace which 
tlx fiitlmg body lias run through in the tune a b, is re- 
pu Sillied by the triangle A nc, the last velocity being 
jiC; luxl the space which the body would run through 
unilurmly in tlx- same lime a n, constantly with the said 
greatest loloeity lie, is re)»resented by the rectangle 
A B e D ; but it is well known that the lectungle A B C D is 
doulih- the triangle a b c ; and therefore the latter space 
run through, is double the former ; that is, the s|mce run 
through by the accelerated motion, is just hall of that 
which the body would describe in the same time, moving 
uniformly with its last-acquired velocity. 

Hence then, from the foregoing considerations are de¬ 
duced the following general laws of uniformly nccelcralcrl 
motions, numcly, 

1st. That the velocities acquired, arc constantly pro¬ 
portional to the limes; in a double lime a double velo¬ 
city, 6fc. 

'.id. That the spaces described in the wdiole limes, each 
counteil from the commencement of the motion, are pro¬ 
portional to the squares of the times, or to the squares of 
the velocities; that is, in twice the time, the body will 
describe 4 times the space ; in thrice the time, it will de¬ 
scribe 9 times tlic space; in quadruple the time, Iff times 
the space; and soon. Iri short, if the times arc proportional 
to the numbers - J, 2, 3, 4, 5 , fiC , 

the spaces will be as 1„4, 9« lff« 25, &c, 
which arc the squares of the former. So that, if a body, 
by the natural force of gravity, fall through the space of 
feet in the Srsl second of time; then in the first 2 
seconds of lime it will full through 4 limes as much, or 
645 feet; in the first 3 seconds it will fall 9 times as 
much, or 144J feet; and so on. And us the spaces fallen 
through are as the squares of the times, or of the veloci¬ 
ties; therefore the times, or the velocities, arc proportion¬ 
al to (he square roots of the spaces. 

3d. The spaces Ji-scribeil by falling bodies, in a series 
of equal instants nr intervals of time, will be as the odd 
numbers - - k, 3, 5, 7, 9> 

which arc the differences of 1 . 

the squares or whole spaces j » • y» » ’ ‘ 

that is, the body which has run through iff-r^x feet in the 
first second, will in the next sccoml run through 48| feet, 
in the third second 80^*^, and so on. 

4th. A body having fallen through any space in a cer¬ 
tain lime, it will have acquired u vvh.cily equal to double 
that space ; that is, in an equal lime, with the ^ast velo¬ 
city acquired, if uniformly continued, it would pass^tver 
just double the space. So, Sf a body full through fff-j-'x 


anolc, though very ingenious, is not so elegant as might 
bc^wishcd, the areas of triangles being ruthei unnalunil 
r< presentations of the spaces di-secuded by falling bodies; 
the same may be otlier»»i'e dcmoiistrulid tlius: Lelthc 
wiiolc mne of a body’s free descent be diviilcd into any 
number of parts, calling each of these parts I ; and let 
rt denote the velocity acquireil at the end ot tlie first part 
of time; then will 4'/, vVe, leprtselit the velo¬ 

cities at the end of the 2d, Jd. 4lli, &c, part of time, be¬ 
cause the velocities aic as the limes; and for the same 
icason 4/1, 4«, 4ti, 6 lC, will be the velocities at tlie middle 
point of the first, second, third, vS:c, part of time. But 
now ihc vclocilics increase unilorinl), Hio space ut^ 
scribed in any one of these parts of time, may be consi¬ 
dered as uniformly described with its middle velocity, or 
the velocity in the midrllc of that part of lime ; and there¬ 
fore, multiplying those mean velocities each by their com¬ 
mon lime I, we have the same tractions -Ja, \o, ^a, Arc, 
for the spaces passed over in the successive parts of the 
time; that is, the space 40 in fhe first time, 4** 
cond, 4-« ill the third, ami so on; then add these spacefi 
successively to one another, and vre obtain 4^« 

•Ar, &c, for the whole spaces described from the begin¬ 
ning of the motion, to the end of the first, second, third. 
Arc, portion of time; namely 4« space in one lime, 4® 
in 2 times, 4® •f* 3 times, ami so on : and it is evident 
that these spaces are as the numbers 1, 4, 9» ^c, 

which are as the squares of the times. 

And from this mode of demonstration, all the proper¬ 
ties above-mentioned evidently following; ». c. the whole 

spaces - - • 4®> T®» ?®» 

arc as the squares of the times - 1, 2, 3, &c, 

that the separate spaces - 4®» ■i®» ■i®» 

described in the successive times, T | 3 5 gjc 

arc as the odd numbers - j * * ^ 

and that the velocity.a acquired in any time J, is double 
the spacC' • - . 4a described in the same time. 

As the laws of acceleration arc very important, I shall 
here insert the two following propositions, sent me by my 
learned friend -Mr. Abram Robertson, of Christ Church 
College, Oxford, in which those laws arc dcniousiraled in 
a manner somewhat different. 

“Proposition I.—If from the point v in the straight 
line A B, the points m, n begin to move at the same time, 
nttnely, m towards a with a motion uniformly retarded, 
andN from rest towards B with a motion uuiformly ac- 
ccleruted; and if the velocity of M decreases as muen as 
the velocity of N increases in the same lime; then the 
space MN is generated by a uniform motion, equal to tbe 
velocity with which m begins to move. 

M P N 

A-:-!-- B • 


For, by hypothesis, whatever is lost in the velocity of 
M by retardation, is added to the velocity of m by acce¬ 
leration: the joint velocities therefore of M an(t ir, must 
feet ill the first second of time, it acquiix-s a velocity of always be equal. But it is by the joint velocities of m 
32^ feel in a second ; that is, if t)ie body move uniformly and N that the space M N is generatedi Consequently 


for one second, with the velocity acquired, it will pass 
over 324 feet in this one second: and if in any time the 
body fall through 100 feet; then in another equal lime, 
if it move uniformly with the last acquired velocity, it 
will pass over 200 feet. And so on. 

But, as the method of demonstration used by Galileo, 
by means of infinitely small parts forming a regular tri- 


M N is generated' by a uiiiform motion, which u evi¬ 
dently equal to the velocity with which u begins to 
move. 

“ Propositiov IIv—I f a point begins to move in the 
din-ction of a straight'Unc, and continlRa to move in the 
same direction with a velocity uniformly occcleratcd; the 
space passed over in .any given time, will be equal to half 
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«lio passc«l overall the same time with the velocity 

uith which the acceleration cixts. 

Let the point D begin to move from a towards B, along 
the straight line ab, with a motion uniformly accele¬ 
rated; the SjiHCc AD passed over, is equal to half the 
space which the point would pass osei, in the same lime 
with the acquired velocity at i>. 

' D 

A--— •-n 

Let the points m, x begin to move in the straight line 
c. H, at the same time, vvi^ equal velocities uniformly ac¬ 
celerated; M beginning to piove from a, and n from p; 
and at the same time that M comes to the point p, let w 
come to It. Then as si and N move with equal veloci- 

M P N 

• G-^^^-H 

tie?, uniformly accelerated, it is evident that the spaces, 
w hich they pass over in the same lime, are equal to one 
another; consequently the space o r is equal to the space 
PH. Now tts M begins to move from o with a velocity 
uniformly accelerated, it w ill arrive at p w ith an acquired 
velocity. Hence it is evident, if it be supposed to begin 
to move from P with this acquired velocity, and proceed 
toward o with a velocity uniformly retarded in the same 
degree that it was accelerated when it began to move from 
G, that it will pass over the same space G p in the same 
time. Therefore, supposing the two points M, N to begin 
to move from p at the same lime, namely the point m be¬ 
ginning to move with the acquired velocity mentioned 
above, and proceeding towards o with the velocity uni¬ 
formly retarded, described above; and the point n as be¬ 
fore with the velocity uiiifonuly accelerated : then, as the 
acceleration and retardation are uniform, they will be 
equal in equal spaces of lime. Again; as M is retarded 
in the same degree that it was accelerated when it began 
to move from g, that is, in the same degree that K is ac¬ 
celerated, by the former prop. »i v is generated by an 
uniform velocity. But when the point »i arrives at g, 
its velocity becomes equal to 0 or nothing; and at the 
time that u arrives at G, H arrives at u with the acquired 
velocity. Therefore, as the vclocilics of it and n taken 
jointly are equal, and consequently uniform, the space 
OH is passed over with the velocity of n at k, in the 
same time that ph is passed over by n beginning to move 
froresP with a velocity uniformly accelerated to ii. But 
PH is half of o It. “ Hence the prop, is manifest,” 

And hence the other laws of the spaces, before-men¬ 
tioned, easily follow. 

Since the spaces descended are as the squares of the 
times, and the abscisses of a parabola are as the squares 
of the ordinates, therefore the relation of the times and 
spaces descended may be very well represented by the 
ordinates and abscisses of that figure. Thus, if a b be 
the axis of the parabola Abd/k, and ac a tangent at 
the vciiex perpendicular to the 
axis, be divided iuto any number of 
equal parts ao, oc, ce, dec, to re¬ 
present the times; and if there be 
drawn ah, cd, tf, Uc, parallel to 
the axis: then, if ab be the space 
^itccnded in the time aq, cd will 
be the sphee descended io the time 
AC, and cf the space descended in 


the time ac, an<l ?o on continually; because, by tlii- pio- 
perty of the parabola, a(>, cd, ef, &c, are to eacli oil.' i 
respectively as ao*, ac*, ac% Arc. 

From tlie properties above demonstrated, are dirivc d 
the following practical formuhis or theorems. Nainel;. 
ifg denote the space passed o\er in tlic first socoinl >‘'- 
time, bv a body urged by any consiuiit force, deiir>i(-<l li , 
1, and t denote the time or luiinber of seconds in whn n 
liio body passes over any other space •«, and r the velocity 
acquired at the end of that time ; then, from the foregoie .’, 
laws, we have v — ^ gl, and s =: g t'; and from ib-—- 
two equations result the following general formulae: 

s = i,v = gt‘ = f^. V = 2g,= '^ = 2^/s>. 

_ V _ 

“ Js ” V “ ^ i r ^ A 

And when the constant force 1. is the natural loife 
gravity, then the distance g descended in the first secoiiii, 
in the latitude of London, is l6-^ feet: but if it bo ai., 
other constant force, the value of g will be ditfereiit, in 
proportion as th^ force is more or less. 

The motion of an ascending body, or of one that is im¬ 
pelled upwards, is diminished or retarded by tiie same 
principle of gmvity, acting in a contrary direction, after 
the same manner that a falling body is accelerated. 

A body projected upwards,ascends until it has lost all its 
motion; which itdocs in the same lime as, in falling, would 
have been necessary for it to have acquired that velocity. 
And consequently the heights to which bodies asecud, 
when projected upwards with different velocities, are to 
each other as the squares of those velocities. 

It should be observed that in what has been said re¬ 
specting the ascent and descent of bodies, the n-sistancc of 
the atmosphere has not been considered, and therefore, 
in practice, the results will not accurately agree with the 
above theory. And further, that we have considered the 
force of gravity as being constant at all heights, which i» 
not strictly true, as it varies inversely as the square of Uie 
distance from the earth’s centre, (see Attraction). 
But as the greatest height, to which we can ascend, is very 
small when compared with the radius of the earth, this 
assumption may not commonly produce any sensible 
error. 

Accelerated Motion of hodie$ on Inclined Planet, 
The same general laws obtain.here, as in bodies falling 
freely, or perpendicularly; namely, that the velocities are 
as the times, and the spaces descended dow n the planes as 
the squares of the times, or of the velocities. But those 
velocities arc less,Recording to the sine of the plane’s incli¬ 
nation ; and the spaces less, according to the square of the 
sine. See Inclined Plane. 

Accelerated Motionof'Pendulums. ScepENDULVU. 

Accelerated Motion of Projectiles. See Projectile. 

Accelerated Motion of Compressed Bodies, in expan¬ 
ding or restoring themselves. Sec Dilatation, Com¬ 
pression, and Elasticity. 

Accelerating Force, in Physics, is the force that 
accelerates the motion or velocity of bodies; and it is 
equal to, or expressed by, the quotient arising from the 
motive or absolute force, divided by the mass or weight of 
the body that is moved. In treating of physical subjects 
respecting forces, where velocities, times, and spaces are 
considered, the first inquiry is the accelerating or ac¬ 
celerative force. This force is greater or less in pro- 
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w.iiicii to tlic Mlocity it gciierutcs i» tint s;imo time, 
and by tins velocity it is incasiirc<l. All accelcratiii" 
I'orecs tlial have llie motive lorces directly proportional 
to the <]uaritities of matter arc eipial, and penerale 
{(|ual velocities; so a dotiblc motive lovco will move 
a double quantity of matter, witli the same velocity, 
a triple motive force a triple .piamity, a quadruple 
force a quadruple quantity, 6iC. And this is the reason 
why all bodies fall equally swift by ihe force of piavity; 
for the motive force is exactly proportional to tlxir 
weight or mass. In general the accelerating torce is in 
llie'i.lirect ratio of the motive force, and inv« rse ratio of 
tlic quantity of mailer. When a body is left f eely to rle- 
sc(ml by tlie force of its natural gravity, it has bt eii found 
by experiment that in the latitude of London, it falls 
througii lO'/j feet in the first second of time,am! acquires 
a velocity of 32^ feel in that lime: but if the quantity of 
nicilter be doubled, und the motive force remain the same 
as before, which may be done by connecting the fulling 
body to another of ecpial weight by means of a thread, the 
latter body being placed <iii a stnooth horizontal plane, 
along which it may bo rlrawn without friction by the for¬ 
mer body, which liaiigs freely over the side of the plane ; 
then Ihe accclerutitig force will be only hnifofwiiat it was 
bcfoie, and the space fallen through in one second will be 
only feet, am) the velocity acquired also, if 

tlic quantity of matter bo tripled, or tli<* body drawn 
along the plane doubled ; then the accelernling force will 
be only onc-third of what it was ul first, and the space 
descetuled in one second, and the velocity acquired, will 
be each oiie-third of the first : and so on. 

Hut accelei'utiiig forces are soineliines variable, and 
someliines constant; and the variation may be cither in¬ 
creasing or decreasing. The nature of constanl and vari- 
ahle accelerating forces, may be illustrated In the follow¬ 
ing manner. Let two weights w, w, be connected by a 


nearer perpcn.iicular, as the small weight u> ascends, arid 

akes to the descent of w necessarily 





tlic o))^ioviiioii It ni 


and consequently the accessions to the 
ill be alwa>s less and less in equal times ; 
by a decreasing accelerating force, 
veer, as u> asc«-nds, the direction of 
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thread passing over a pully, at a, n, ore; and let tlic 
weight w descend perpendicularly down, while it draws 
the smaller weight w up tne line a d, or be, or c F, the 
first being a straight inclined plane, and tlie other two 
curves, the one convex and the oilier concave .to the 
perpendicular. Then the small weight ui will always 
make some certain resistance to the free descent of the 
large weight w, and that resistance will be constantly the 
same in every part of the plane a d, the difficulty to draw 
it up being the same in every point of it, because every 
])arl of it has ihe same inclination to ihp horizon, or to 
the pcrpiMulicular ; and consequently the accessions to 
the velocity of the descending weight \v,will be always 
equal in equal times; that is, in this case w descends by 
a uniformly accelerating force. But in the two curves 
n F., c F, the resistance <ir opposition of the small weight w 
will be constantly varying, as it is drawn up the curves, 
because every part of them has a dilTerent inclination to 
the horizon, or to the perpendicular. In the further 
curve, the direction bccom«-s more and more upright, or 


becoiiH S greati r , 
velocity of w wi 
that is, w descends 
But in the latter curv 

the curve becomes less and less upright,and thcopposmon 
it makes t<* the dcccenlol w, becomes always lessatul less; 
cniisequi Otl' ihe accessions to the velocity of-vv will be 
always inort^iod more in equal times ; that is, w descends 
by iiicfcasiiip accclerahug lorcc. So ihat thougli tbe 
velocitv continually increases in all these cases, yet while 
it increases in a constant ratio to the times of motion, in 
the plane Aii; the velocity increases in a loss ratio than 
the time it ascended up BE, and in a greater ratio than 
the time increases in the other curve c r. ... 

Now the relations between the times and velocities in 
all these cases, may be very well represented by the rela¬ 
tions between the abscisses and ordiiiutcs of certain lincS. 
'I'hus let AB ami a c be two straight lines, making any 
angle bac; ami ad, ae two 
curves, the former concave, 
and the latter convex to¬ 
wards ab; divide ad into 
any parts a «, a />, f>cc, repre- 
seniing the times of motion; 
and draw the perpendiculars 
tirde, Offfh, I'cc, represent¬ 
ing the vv'locilies. I’hen in 
the righiliue AC, iheordinates 
ad, bg, being ns the abscisses aq, a b, this represents the 
case of uniformly accelerated motion, in which the veloci¬ 
ties are always as the timc.s: but in the curve ad, the or- 
dinatcsflc, ft/increase in a less ratio than the abscisses 
Art, aA; and therefore this represents the cose of decreas¬ 
ing acceleration, in which the vcloiities increase in a less 
ratio than the times: and in the other cii^vc a f., the or¬ 
dinates ae, ftft increase in a greater ratio than the abscis¬ 
ses; and therefore this represents the case of increasing 
acceleration, in wliicli the velocities increase in ugreater 
ratio than the times. 

The several algebraic formulas or theorems, respecting 
the lime, velocity, and space, for constant acceleiaiiiig 
•ford’s, have been delivered above, at the articlc^ccc/c- 
rnted Mnlion, where the value of each is expressed in finite 
determinate quantities. Hut, in the cast's of variably ac¬ 
celerated motions, the formulas will require the assistance 
of fluxions to express, not those general relations them¬ 
selves, but the flu.xions of them ; and consequently, taking 
the fluents of those expressions, in pailiculiir cases, the re¬ 
lations of time, space, velocity, &c, are obtained. 

Thus, if t denote the time in motion, 

V the velocity generated by any force, 
s the space passed over, 

and 2g the variable force at any part of the motion, 
or the velocity the force would generutu in one second of 
time, if it should continue invariable, like the force of gra¬ 
vity, during that time; and thcivforc the value of this ve¬ 
locity 2g, will bp to 32^ feet, as that variable I'or^c, is to 
1 the force of gravity. Then, because the force may be 

supposed constant during the indefinitely small time t, 
and that in uniform motions the spaces and velocities arc 
proportional to the timt-s, we from thence obtain these 
two general fundamental proportions, 
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V : s : : l ' : or s = i v ; 

2^ :r : : 1": ^ orr =igt^ 

From which are derivid the four Jbllowiiig formtilas, 
in which the value of each quantity e-\prcssed in lernis 
i f the rest. 



V V 



V 



tained by Cbazcllcb ; and Babylon, accordinn to PtoU my s 
account, lies 50' cast ot Alexandria. From tbe-e data, 
Mr. Dunthornc. vol. 46 Pliilos. I ransactions compare «l 
the recorded limes of several ancient and modern cclij-s* >, 
with the calculations ol them l)y his own tables, and 
thereby verified the suspicion that bad been started by 
Dr. Halley ; for he found tliai the same tables.tavc tb( 
moon’s place more backward iban her irue place in sii.- 
cieiit eclipses ; and more forwar.l than I.er rrue place in 
later eclipses; and tlu iice he justly inb ind drat In-r mo¬ 
tion in ancient times was slower, and in later imi. s i^uicker, 


And these theorems equally hold good for the destruc¬ 
tion of motion and velocity, by means of retarding forces, 
as lor the generation of the same by means of accelera¬ 
ting forces. 

Acceleration, in Mechanics, the increase of velocity 
in a moving body. 

Acceleration, Astron. The Diurnal Acceleration 
of the fixed stars, is the lime which the stars, in one diur¬ 
nal revolution, anticipate the mean diurnal revolution of 
the sun; wliich is 3™ 55’.^ of mean time, or nearly 3" 56*: 
that is, a star rises, or sets, or passes the meridian, about 
3™ 56* sooner eacii day. This acceleration of the stars, 
which is only apparent in them, arises from re.Tl retarda¬ 
tion of the sun, owijig to his apparent motion in his orbit 
totvards the east, which is about 59* 8 ^ degree every 

day. So that the star which passed the meridian yester¬ 
day at the same moment with the sun, is to-day abouf 59 
8" past the meridian to the west, when the sun arrives at 
it; which will take him up about 3“ 56‘ of time to pass 
over; and therefore the swr passes by 3"* 56* sooner than 
the sun each day, or amicipaU-s his* motion at that rate. 
The true quantity of this anticipation, or acceleration, is 
lound by this proportion, SOO® 59' 8 "t = ^9'8"t = • S+hours: 
3" 55 ’tV» lourth term of which is the acceleration 
The diurnal acceleration serves to regulate the lengths 
or vibraliciii^f pendulums in clocks. If I observe a fixed 
star set or pass behind a hill, steeple, oc such like, when 
the clock marks for instance 8^ 10“; and the next day, 
the eye being in the same place as before, the passage be 
at S'* 6“ 4*; 1 thence conclude that the clock is well re¬ 
gulated, or truly measures mean time. 

Acceleration of a Planei. A planet is wid to be ac- 
ceUrated in its motion, when its real diurnal motion ex¬ 
ceeds its mean diurnal molii9ti. And, on the other hand, 
the planet is said to be retarded in its motion, when tlic 
mean exceeds the real diurnal motion. This Inequality 
arises from the change in the dist.incc of the planet from 
the sun, which is continually varying; the planet moving 
always quicki-r in its orbit when nearer the sun, and 
slower wlivii farther off. 

Acceleration of/Ac moon, is a term used to express 
the increase of the moon’s mean motion fr«im the sun, com¬ 
pared with the diurnal motion of the earth ; by which it 
appears that, from some uncertain cause, it is now a little 
quickiTtliau it was formerly. Dr. Halley was led to the 
discovery, or kuspiclon, of this acceleration, by comparing 
the ancient eclipses observed at Babylon, 5cc, and those 
observed by Albatcgnius in the ninth century, with some 
of his o>vn time; as may be seen in N* 218 of the Pliil^ 
sophical Transactions. He could not however ascertain 
the (juantity of the acceleration, because the longitudes of 
Dagdat, Alexandria, and Aleppo, where the observatious 
were made, bad not been accurately determined. But 
since his time the longitude of Ale.\andria has been asccr- 


than the tables give it. , r 

Not content however with barHy ascertaining the fact, 
he proceeded to determine, as well as th<- . bM rvali' iis 
would allow, the quantity of the acceleration; and by 
means of an eclipse, of winch the most autln nlic acc<.uiit 
remains, observed at Bal.yl-n in the year 7'-’l b> lore 
Christ, he founil that the bcL'imiiim ot tlii> eclipse was 
about an hour and three quaruis sooner ilinii the h e,:i. 
niiig by the table.s ; and that therelorc the moon’s true 
place preceded her place by computation, bv about 5U 
of a degree at that time. Then, admitting the acteleia- 
tion to be uniform, and the aggrcg.ile ot it ns the square 
of the time, it will be at the rate of about 10 oi 9 by 
later conipulalion^;, in lOO years. 

M. de la Place announced to the Academy of Sciences 
the cause of this very interesting discovery in physical as¬ 
tronomy. Dr. Halley lm<l remarked, a» iibove-iuciitioiied, 
that modern observations had given a more r.ipid motion 
to the muon than the ancient oni'». aiul -M. Ijilatide had 
inserted some proof of it in the memoirs of the Academy 
in 1757 . The cause of this acceleration hail been for n. 
long time the disrussion of geometers. 1 he academy had 
proposed at three tliflcreiu linus, in 1762. 70, niul 72. R 
premium for the elucidation ot this subject, but I.iiler 
himself could find notliiiig in the theory <4 attraction, 
which colild e.xplam tliis accelemtion; and the learned 
began almost to conclude, that the ditVerence between 
the ancient and modern observati-ms wiis to be regartled 
as doubtful, and it was very possible that the Arabs, who 
formed the most substantial proof, might be inistnki'ii ; 
but M. Dclam’bre, having calculated in 1783 the observa¬ 
tions made by M. le Puutc d’Agclet at the Military Aca¬ 
demy, has found a new proof of this singular phenomenon. 
We were impatiently waiting-for theory’s giving ns u satis¬ 
factory account of it, when M. I.aphico,* whoso ingenious¬ 
ly explained in 1786 the secular equations of Jupiter and 
Saturn, succeeded so far, after several attempts, as to re¬ 
duce that of the moon to tin- laws of umveixal weight. 
It is the diminution whicli exists for many centuries in 
the equation of the solar orbit, that is the cause of this 
inequality in the moon; but as tin* diminution, produced 
by the attraction of planets, will become, in the revolu¬ 
tion of ages, a real angmentaiioii, so what appear, now to 
us an acceleration in the moon’s motion, will likewise be¬ 
come a retardment, and it 'is nothing moT than a periodi¬ 
cal inequality. M. Laplace finds it eleven seconds for 
the first century, and us this-increases wuhiii a little ns 
the square of the time, so for the vein 72.0 before our 
ara, the nearest ilalc for the most ancient observation? 
lliat have reached us, it produces n difference that .per¬ 
fectly agrees with the observation. It is to M. Laplace, 
therefore, we owe a confirmation of the aitmctionnif ce¬ 
lestial bodies, which will prove os useful, as it ts ingenious 
and learned. 
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fi,*Ti ll- iii<njii'> nu-an niotiDfi ajipoars to accclc- 
< r>i»tiiia4lU ; iin<) the uccelt'ratioiis appear to be in 
Hit* liuplicatc ratio of the times. 'I’lie acceleration for 
the etui i<f the ]7ti» Century was abotil 9'; so ^hat the 
whole nu)(ii>t) of the moon during the 17lh century must 
b ' increased 9 • to obtain its motion during the 18th ; and 
■is much must be taken Iroin it, or added to the computed 
loiigitiule, to obtain, its motion during the l6th ; and the 
double ol tills must be taken from the motion during the 
irtth, to obtain Its motion during the 15th, 5rc.—To ex¬ 
plain the tluory, it must bt'considered that the lunar pe¬ 
riod which we iibsi rve, is not that wliich wouUi have ob- 
t.iined, had tiu- moon been influenced by the earth alone. 
\Vc should not have kiiovsn that Iut natural period was 
inen-ased, liad the disturbing action of the sun remained 
unchiingetl; whereas this varic-s, iind that in the inverse 
triplicate ratio of the earth's distance from the sun, and is 
therefore greater in our winter, when the earth is nearer 
to the sun. 'I'his is ilu' source of the annual equation, by 
which the lunar period in .laiuiary is made to exceed that 
in July nearly '.*4 minutes. 'I he angular velocity of the 
moon in general is diminisbed by and this numerical 
coefficient varies inversely as the cube of the earth's dis¬ 
tance from the sun. If this ratio be expanded into a sc¬ 
ries arranged according to the sines and co*sines of the 
earth’s mean motion, making the earth’s mean distance 1, 
then (he series will contain a term equal CO of this 
velocity multiplied by ^ of the square of the earth’s cx- 
centricily. Had this exccntricity remained constant, 
this product would also be constant, and would still be 
confounded with the general diminution, making a con¬ 
stant part of it: but it is known that the exccntricity of 
the earth's orbit diminishes, ami its diminution is the re¬ 
sult of the universality of the Newtonian law of the plane¬ 
tary deflections. Though this diminution is exceedingly 
small, its cft'ecl on the lunar motion becomes sensible by 
accumuliition in the course of ages. The cxceniricity di¬ 
minishing, the diminution of the moon's angular motion 
must also diminish, chat is, the angular motion must in¬ 
crease. 

During the 18th centurj', the square of the earth’s ex- 
centrifcity has diminished 0 0000015325, the mcati distance 
from the sun being 1. In that time this has increased 
the moon’s angular motion 0-00000001285. As this aug¬ 
mentation is grailual, we must multiply the angular mo¬ 
tion during the tcniury by the half of this quantity, in 
order to obtain itsaccumulatcd eflect. This will be found 
to be 9 ’’ very nearly; which «xccccU,that deduced from a 
most careful comparison of the motion in the last two cen¬ 
turies, only by a fracUon of a second ! While the diminu¬ 
tion of the square of the exccntricity of earth’s orbit 
can bo supposed proportional to the time, this effect 
will be as the squares of the times. WhenAhis theory is 
compared with observations, the coincidenciTs wonderful 
indeed. The eflect on the moon’s motion is periodical, as 
the change of the solar exccntricity is, and its period in¬ 
cludes millions of years. lu effect on the moon's lon¬ 
gitude will nmount to several degrees before the se¬ 
cular acceleration change to a retardation, Bncvclo- 
pedta Brit. ^ 

By the solution of this problem, which had for a lone 
time engaged the attention of mathematicians, M. Laplace 
has given the lost degree of perfection to theoretical astro¬ 
nomy ; M there is now no anomaly, or irregularity, in 
the motion of the heavenly bodies, that is not satisfac¬ 


torily accounted fur, on the simple Newtonian laws of 
gravitation. 

ACCtLtRATH'E Foiicr, Ac, the same as Acclle- 

RATINO* 

ACCESSIBLE, something that may be approaclnul, or 
(0 uhich can c<Mnc. In Sll^v(•^ing, it is such a 
place as will admit of having n ilijlanCe or length of 
ground measured fn>m il; or such a height or depth us 
can be mca.^urcd by uciually applying a proper insiru- 
ment to it. For llic n)cans of doing which, sec Altim e- 
TRY, LoNOtMETIlV, or HkIGIITS-AN l>-DlSTA NCES, 

ACCIDENS, Accidbut, Philos. 

Per Accident is a term often used among philosophers, 
to denote what does not follow from the nature of a thim;, 
hut from some accidental quality of it ; in this sense it 
stands opposed to per se, which denotes the nature and es¬ 
sence of u thing. Thus, fire is said to burn per se, or 
considered as fire, and not per accidens; but a piece of 
iron, though red-hot, only burns per accidens, by a quality 
accidental to it. and not considered as iron. 

ACCIDENTAL, something that partakes of (he na¬ 
ture of an accident; or that is indifferent, or nut essential 
to its subject.—Thus, whiteness is accidental to marble, 
and sensible heat to iron. 

Accidental Colours, so called by M. Buffon, are 
those which depend on the affections of (he eye, in contra¬ 
distinction to such as belong to light itself. 

The impressions made upon the eye, by looking sted- 
fa.stly on objects of a particular colour, arc various ac¬ 
cording to the single colour, or assoiiiblagc of colours, in 
the object; and they continue for sometime after the eye 
is withdrawn, and give a false colouring to other objects 
that arc viewed during their continuance. M. Buffon 
has endeavoured to trace the connection between these ac¬ 
cidental colours, and those that are natural, in a variety 
of instances. M. d’Arcy contrived a machine for measu¬ 
ring the duration of those impressions on iJie eye; and 
from the result of several trials he inferred, mat the effect 
of the action of light on the eye continued about 8 thirds 
of a minute. 

The subject has also been considered by M. dcia Hire, 
and M. Aepinus, iec. Sec Mem. Acad. Paris 1743, and 
17^5; Nov. Cora. Petrop. vol. 10; also Dr. Priestley's 
Hist, of Discoveries relating to Vision, po. 63l. 

Accidental Point, in aPerspeclive, is the point in 
which a right line drawn from the eye, parallel to another 
right line, cuts the picture or perspective plane. 

Let A B be the line 
given to be put in per¬ 
spective, c r D the pic¬ 
ture or perspective 
plane, and e the eye: 
draw EF parallel to 
A B ; so shall f be the 
accidental point of the 
line A B, and indeed of 
all lines parallel to it, 



since only one parallel to them, namely ef, can be 
drawn from the same point e: and in the accidental 
point F, there concur or meet the representations of all 
the parallels to a b, when produced. 

It^ is called the accidenul point, to distinguish it 
from the principal point, or point of view, where a 
Ime drawn from the eye pcipendicular to the perspec^ 
uve plane, mceU this plane, and which is the acd- 
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<kr.u\ point to all lines that are perpendicular to the 
same plane. 

ACCLI\ ITY, the slope or slcopacss of a line or plane 
inclined to the Rurizon, taken upwards; in contradistinc¬ 
tion to declivity, which is taken downwards. So, the as¬ 
cent of a hili> is an acclivity; the descent of the same, a 
declivity. Some writers on fortification use acclivity for 
talus: though more commonly the wf)rd talus is used to 
denote the slope, whether in ascemliiig or descending. 

accommodation, in Physics, or Philosophy, the 
application of one thing to another by analogy. 

accompaniment, in Music, denotes either the 
different parts of a piece of music for the differctil instru¬ 
ments, or the instruments thcmscivcs whicli accompany a 
voice, to sustain it, as well as to make the music more 
full. The Accompaniment is used in recitative, as well 
as in song ; on the stage, as well as in the choir, &c. 

The ancicnb had likewise their accompaniments on the 
theatre j and they had even different kinds of ni.strumcnts 
to accompany the chorus, from those which accompanied 
the actors in the recitation. Tiie accompaniment among 
the moderns, is oflen a different part, or melody, from 
the song it accompanies. But it is disputofl whether it 
was so among the ancients. Organists sometimes apply 
the word to several pipes, which they occasionally touch 
to accompany the treble ; as the drone, the llute, &c. 

ACCOMPT. See Account. 

ACCOUD, according t«» the modern French music, is 
the union of two or more sounds heard at the same time, 
and forming together a regular harmony. 

Accords are divided into perfect and imperfect; and 
again into consonances and dissonances. Accord is more 
commonly called Concord ; which sec. 

AccoKO is also spoken of the state of an instrument, 
when its fixed sounds have among themselves all the just¬ 
ness that they ought to have. 

ACCOUNT, or Accom pt, in Arithmetic, &c, a calcu¬ 
lation or coroputalion.of the number or order of certain 
things; as the computation of time, Ac. There arc va¬ 
rious ways of accounting; as, by enumeration, or telling 
one by one; or by the rujes of arithmetic, addition, sub¬ 
traction, &c. 

Account, in Chronology, is nearly synonymous with 
style. Thus, wc say the English, the foreign, the Julian, 
the Gregorian, the Old, or the New account, or style. 
We account time by years, months, Ac; the Greeks ac¬ 
counted it by olymjnads; the Romans, by indictions, 
lustres, Ac. 

accretion, in Physics, the growth or increase of 
an orgunical body. 

ACHERNER, or AciiARNER, in Astronomy, ostarof 
the first magnitude in the southern extremity of the con¬ 
stellation Eridanus, marked a by Bayer. Its longitude 
for 1761, K U® 55' 1"; and latitude south 5P® 2‘2' i". 

ACHILLES, a name given by the schools to the prin¬ 
cipal argument alleged by each sect of.philosophers in 
behalf of their system. In this sense we say, this is his 
Achilles; that is, his master-proof: alluding to the strength 
and importance of the hero Achilles among the Greeks. 

Zeno's argument against motion is peculiarly termed 
Achilles. That philosopher made a comparison between 
the swiftness of Achilles and the slowness of a tortoise, 
pretending that a very swift animal could never overtake 
• a slow one that was before it, and that therefore there is 
no such thing as motion: for, said he,,if the tortoise 


were one mile be foie Achilles, and the incjiion c-l .Ac hiil< • 
100 times swil'fer than that of the lorloiso, yet lie w< uM 
never overtake it ; and U’l iliis reason, namely, that whilt- 
Achiltos runs over the ii.ih , the tortoise-will creep om i 
one hundrcditi part of aimli. and will bo $0 ii^ch ili' 
foremost ; again, w liilc .-Achilles 1 uns over this -ri^th part, 
the tortoise will creep over the lOOth part of that Totj’b 
part, and will still be this last pair the iVnennost ; aii'l so 
on continually, according to an infinite berics of JOUih 
parts: from wliich lie concluded that theswiltir could 
never overtake the slower in any finite time, but that they 
must go on approaching to intinily. But this buphisin 
lay in Zeno's consiticring as an infinite time, the sum of 
the infinite scries of small times in wliich Achillct couhl 
run over the infinite-scries spaces, 1 — -j-f-z tvzt-b 

not knowing that the sum of this infinite 
series is equal to the finite small quuniit y ^7^ of a mile, 
ami th&t therefore Achilles will overtake the tortoise win a 
the latter has crawled over part of a mile. 

ACHROMATIC, in Optics, without colour; a term 
which, it seems, was first used by Dr. lievi?, to denote 
telc'scopcs of a new inventioni contrived to remedy uber* 
rations and colours. Sec Aberration and Tdocope^ 

Acuaomatic Telescope, a singular species of refract¬ 
ing telescope, said to be invented by the late Mr. John 
Doilond, optician to the king, aiui since improved by iiis 
son Mr. Peter Doilond, and others. 

Every ray of light passing obliquely from a rarer into 
a denser mcditiin, changes its direction towards the per¬ 
pendicular; and every ray passing ob)i()uely from a dert* 
scr into a rarer medium, changes its direction from the 
perpendicular. This bending <>t thc/uy, cau^cd by the 
change of its dircctioni is culled its retraction; ntul the 
quality of light ^hich subjects it to this vefroction, is 
called its refrangibiiity. Every ray of light, before it is 
refracted, is white, though it consists ofamimbiT of com¬ 
ponent rays, each of which is of a diflerent colour. As 
soon as it is refracted, it is separated into its constitiunt 
rays, before mentioned, which, from that time, proceed 
diverging from each other, like emanations from a centre: 
and this divergency is caused by the dilferent refrangibiliiy 
of the component rays, in such sort, that the luoiv the 
original oi component ray is refracted, the more will the 
compounding rays diverge when the light is refracted by 
one given medium only. Hence it has been concluded, 
that any two different mediums, that can be made to pro¬ 
duce equal refractions, will necessarily produce equal di¬ 
vergencies; whence it should also follow, that equal and 
contrary refractions sliould not only destroy each other, 
but that the divergency of the colours caused by one re¬ 
fraction, should be competed by the other; and that, to 
produce refraction which would not be affected by the 
different refrangibility of light, is impossible. 

But Mr. Dollond proved, by ninny c.xperimcnts, that 
these conclusions arc not well founded: from his ex¬ 
periments it appeared, that a ray of light, after equal and 
contrary refractions, was still spread into eomponent rays 
differently coloured: in other words, that two different 
mediums may cause equal refraction, but different diver¬ 
gency ; and equal divergency, with different refraerton. 
It follows therefore, that refraction may be produced, 
which is not affected by the different rcfrangibilby of 
light; in other words, that, if the mediums be ditlerent,. 
different refractions may.be produced, though at the same 
lime the divergency caused by one refraction, shall be 
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rxacllv cnuntcrnctpd by the .livorgency caused by the 
other; and so ati object may be seen through mediums 
»l,ich, togctlicr, cause tl.c rays to converge, without ap- 

t.cariiig of diOVrent colours. 

'I his is the foundation of Mr. Dollond’s improvement 
f.f refracting telescopes. By subsequent experiments he 
(tntiiii, llial different kinds of glass differed greatly m tlicir 
rcfnictive <|ualitics, wiili respect to the divergency ol co- 
lonr>. At the same time he hiund that crown gla.ss causes 
tfir least iliiergi-ncy, anil white flint the most, when they 
are wrought into forms that produce equal refractions. 
11c tluTcb>re ground a piece of white flint glass into a 
wedge, the angle of which was about 25 degrees; and a 
piece ol crown glass to another, whose angle was about 
Ol) dfgrcis : and these lie fouml refracted nearly alike, 
but that their ilivergeiicy of colours was very diflerenl. 

After this, he ground several other pieces of ciown 
glass to wedges of diflerent angles, till he got one that 
was equal, in the divergency it produced, to that of a 
wedge of flint glass of 25 degrees; so that when they were 
pul together, in such a manner as to refract in contrary 
liirections, the refracted light was perfectly free from co¬ 
lour; then measuring the refractions of each wcilgc, he 
found tlial that of the white-flint glass, w,is to that of the 
crown glass, nearly as 2 to 3. Ami hence any two wedges, 
made of these two substances, uiul in this proportion, 
would, when applied together so as to refract in contrary 
directions, refract the light without any cflect arising from 
the different refrangibilily of the component rays. 

Therefore, to make two spherical glasses that refract 
the light in contrary ilireclions, one must be concave, and 
tbe other convex ; ^nd ns the rays, after passing through 
both, must meet in a focus, the excess of the refraction 
must be in the convex one: and as the convex is to re¬ 
fract most, it ap[)eHrs from the experiment that it must 
be made of crown glass; and as the concave is to refract 
least, it must be made of white flint. 

And farther, as the refractions of spherical glosses arc 
in an inverse ratio of their focal distances,' it follows, that 
the focal distances of the tw^ glosses should be in the ra¬ 
tio of the refractions of the weilgcs :-for, being thus pro¬ 
portioned, every ray of light that passes through this 
combined glass, at whatever distance it may be from its 
axis, will constantly be refracted by the difference be¬ 
tween two contrary refractions, in the proportion n-quired; 
and therefore the eftcct of the diflerent refrangibilily of 
light will be prevented. 

The removal of this impediment, however, produced 
another: for the two glasses, which were thus edmbined, 
being segments of very deep spheres, the aberrations from 
the spherical surfaces became so considerable, ns greatly 
to disturb the distinctness of the image. Yet, consider¬ 
ing that the surfaces of spherical glasses admit of grc’Ot 
variations, tliougli the focal distance be limited; and that 
by these variations their aberration might be made more 
or less at pleasure; Mr. Dullond plainly saw that it was 
possible to make the aberrating of any two glasses equal; 
and that, as in this case the refractions of the two glasses 
were contrary to each other, and their abcrrutioqs being 
equal, these would destroy each oilier. 

Thus he obtained a perfect theory of making object- 
glanscs, to the apertures of which be could hardly per¬ 
ceive any limits: for if the pmctice could answer to the 
theory, tlicy must ailmit of apertures of great extent, and 
coii»equently bear great magnifying powers. 


The difficulties of the practice are, however, still very 
considerable. For first, the focal distances, as well as the 
particular surfaces, must be proportioned wiili the utmost 
accuracy to the densities and refracting powers of the 
nlasscs, which vary even in the same kind of glass, when 
made at different limes. Secondly, there are four sur¬ 
faces to be wrought perfectly spherical. However, Mr. 
Dollond could construct refracting telescopes on these 
principles, with such apertures and magnifying powers, 
under limited lengths, as greatly exceed any that were 
produced before, in forming the images of objects bright, 
distinct, and uninfected wilh colours about the edges, 
through the whole e xtent of a very large field ,or compass 
of view ; of which lie has given abundant and undeni¬ 
able testimony. Sec Tbi-f-scope. , 

Tlio defects which were yet unremcdied in Mi. IJol- 
lond's telescopes, have called forth the exertions of other 
philosophers, and many contrivances have been invented. 
Father Boscovich, to whom every branch of optics is 
much indebted, has displayed much ingenuity in his at¬ 
tempts for this purpose. , But the philosopher whose ex¬ 
ertions have been attoi^ded wilb most success, and who 
a()[»ears to have made the most important discovery, in 
this branch of science, since the lime of Newton, is Dr. 
Robert Blair,regius professor of astronomy in Edinburgh. 
By a judicious set of experiments, ably conducted, he. 
has proved, that the quality of dispersing the rays in a 
greater degree than crown glgss, is not confined to a few 
inediumv, but is possessed by many fluids, and by some 
of them in a most extraordinary degree. He has shown, 
tliat though the greater refrangibilily of the violet rays 
than of the red, when light passes from any medium into 
a vacuum, may be considered ns a law of nature; yef, 
in the passage of light from oner medium into another, it 
depends entirely on the qualities of the mediums as to 
which of these rays shall be the most refrangible, or whe¬ 
ther there shall be any ilifterencc in their refrangibilily. 
In order to correct the observation arising from difl'ercncc 
of refrangibilily among the rays of light, he instituted a 
set of cxpeiimcnis, by which be detected a very singular 
and important quality in the muriatic acid. In nil the 
dispersive mediums hitherto >;xamincil, the green ravs, 
which are the mean refrangible in crown glass, were fouml 
among the lc.s5 refrangible ; but in the muriatic acid, he 
found that these same rays made a part of the more re¬ 
frangible. 

This discovery led to complete success in removing the 
great defect in optical instruments, viz, that dissipation or 
aberration of the rays which arises from their unequal 
refrangibilily, and has hitherto rendered it impossible to 
converge all of them to one point, cither by single or op¬ 
posite refractions. A fluid, in which the particles of mu¬ 
rine and metalline particles bold a due proportion, at the 
same time that it separates the extreme rays .of the spec¬ 
trum much more than crown glass, refracts all the orders 
of the rays in the same proportion that glass docs: and 
hence rays of all colours, made to diverge by the refrac¬ 
tion of the glass, may cither be rendered parallel, by u 
subsequent refraction made in the confine »f the glass 
and this fluid; or, by weakening the refractive density of 
the fluid, the refraction which takes place in the confine 
of it and glass, may be rendered as regular ns reflection, 
without any the least colour w)mte,ver. The doctor, it 
seems, has a telescope, not above 15 inches in length, with 
a compound object-glass of this kind, which equals in alf 
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respects, if it does not surpass, the best of Dollond s 42 
inches long. Of this object-glass, a figure may be seen 
in the 3(i volume of the Transactions of the Royal So* 
cicty of Eclinbuigh; to which volume (he reader nru^t be 
referred fora full and clear account of the experintents 
which led to this discovery, as well as of the important 
purposes to which it may be applied. A judicious abridg¬ 
ment of this paper may also be seen in Niciiolsons Jour¬ 
nal, vol. i, 4uk p. 1. 

In the Gentlemans Magazine (1790, p. 890) a paper 
wns published on the refracting telescopci by a person 
who signs in which the invention is ascribed to 

another person, not heretofore mentioned, in these 
words: the invention has been claimed by M. Eu¬ 

ler, M. Kiingenstierna, and some other foreigners, 
ought, for the honour of England, to assert our right, and 
give the merit of the discovery to whom it is due; and 
therefore, without farther preface, I shall observe, that the 
inventor was Chester More Hall, Esq. of More-hall, in 
Essex, who, about 1729, ^ appears by his papers, consi* 
dering the different humours of the eye, imagined they 
were placed so as to correct the different refrangibilify of 
light He then conceived, that if he could find substances 
having such properties as he supposed these humours 
might possess, he should be enabled to construct an ob¬ 
ject-glass that would show objects colourless. After many 
experiments, he hud the good fortune to find those pro¬ 
perties in two diflerent kinds of glass; and making them 
disperse the rays of light in di^erent directions, be suc¬ 
ceeded. About 1733 be completed several achromatic 
object-glasses, though he did not give them (his name, 
that bore an aperture of more than H inches, though (be 
focal lci)g(h did not exceed 20 inches; one of which is 
now in the possession of the Rev. Mr. Smith, of Charlotte 
Street, Ruth bone Place. This glass has been examined 
by several gentlemen of eminence and scientific abilities, 
and found to possess the properties of the present achro* 
malic glasses.^ 

Mr. Hall used to employ the working opticians to grind 
bis lenses; at tbc same time' be furnished them with the 
radii of the surfaces, not only to correct (he different re- 
frangibility of rays, but also the aberration arising from 
the spherical figure of the lenses. Old Mr, Bass, who at 
that time lived in Bridewell precinct, was one of thase 
working opticians, from whom Mr. Hall's invention seems 
to have been obtained. 

(he trial at Westminster-hall about the patent for 
making achromatic telescopes, Mr. Hall was allowed to 
be the inventor; but Lord Mansfield observed, that Mt 
was not the person that locked up his invention in his 
scrutoirc that ought to profit by a patent for such an in¬ 
vention, but be who brought it forth for the benefit of the 
public/ This, perhaps, might be said with some degree 
of justice, as Mr. Hall was a gentleman of property, and 
did not look to any pecuniary advantage from his disco- 
very; and consequently it is very probable that he might 
not have an intention to make it generally known at that 
time. 

^^That Mr. AyKough, optician on Lud^te Hill, was in 
possession of one of Mr. Hairs achromatic telescopes in 
1754, is a fact which at this time will not be disputed'^ 

ACHRONICAL, or Achroru/cat, See AcaoMTOiAL. 

ACIDS. All those substances which impress tlic or¬ 
gans of taste with a sharp, sour, and cooling st^nsatioa, 

Vol. 1. 


are commonly denominated acidft. But as there arosomr 
bodies dostittite of (his property, vvhich art* n^werllieli 
clashed by all chemical writers as acids, this pc^pular cha¬ 
racteristic must be abaiuiMiied as essential, for one that is 
more comprehensive. 

I'lio chamcteiistic [)ro|Krlic'S of acids may be enume¬ 
rated as follows: 

1. When taken into the mouth they occasion ‘a sour 
taste. 


2. They change certain vegetable blue colours to red ; 
such as tincture of litmus, or syrup of violets ; and re¬ 
store the blue colours vvhich have turned green, or the 
red coloui*s which have been turned blue, by an alkali. 

3. They have a stronger aflmily for alkalies, than th< v 
have for any other substance. 

4. They unite with earths, with alkalies, and metallic 
oxyds, forming the numerous and very important classis 
of neutral, earthy, and metallic salts. 

As this article is entirely chemical, it docs not accord 
with our plan to extend it to any considerable length; 
we shall therefore content ourselves with giving the most 
approved arrangement of acids, referring the reader, lor 
farther information on this important subject, to I'hom- 
son’s Chemistry. See also Aikin^s and Nicholsoi/s Che¬ 
mical Dictionaries, Encyclopcd. Method., Lavoisier's Ele¬ 
ments of Chemistry, Priestley on Air, Fourcroy Systems 
de Connois. Chimiq. &c. &c. 
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ACOUSTICS, doatrine or theory of hearing, and 
of sound. 

Sturmins, in his Elements of Universal Mechanics, 
treating of Acoustics, after examining into tbc nature of 
sounds, describes the several parts of the external and in¬ 
ternal car, and their several uses and conuexions with 
each other; and from thence deduces the mechanism of 
hearing: and lastly, lie treats of the means of adding an 
intensity of force to the voiefe and other sounds; and ex¬ 
plains the nature of echoes, otacouslic tubes, and speak¬ 
ing trumpets. See Souyn, Eak, Voice, and Echo. 

Dr. Hook, in the preface to his Micrography, asserts 
that the lowest whisper, by certain means, may be heard 
at the distance of a furlong; and that be know* a'way ^y 
which it is easy to hear any one speak through a wall of 
three feet tbick; also that by means of an extended wire, 
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souod may U cuiiveycd lo a ^cry grtKt di^laiicc, almost 

111 an instant. .. * . i 

The nucjcnts seem to have considered sounds under no 

other point of view than that of music; that is to say, 
as affecting the ear in an agiceablc manner. It is even 
very doubtful whether they were acquanUcci with any 
tiling more than melody, and whether they bad any art 
similar to what we call composition. 'I he inodeins, by 
studying the }>hilosophy of sounds, so much neglected by 
the ancients, have given birth to a new science dislin* 
ouished by the name of acoustics, whicfi has for its ob¬ 
ject the nature of sounds, and treats also of the theory 
of hearing, and the best means of assisting ibat sense. 
This science is divided by some writers into dmcoustics, 
wliidi explain the properties of those sounds that come 
directly from the sonorous 1>ody lo the ear; and catn- 
couslics, which treats of reflected sounds; but such dis- 
tmclion docs not appear to be of any real ufility. 

On many particulars connected with this science opi¬ 
nions arc still much divided; and a sullicicnt number of 
exiM-rinieiUS have not been made to determine what is es¬ 
sential to tlic nature of a vehicle of sound ; how it is 
transmitted, reflected, or destroyed, in many instances; or 
whether its velocity be uniform or variable. 

Thus, with respect to these vehicles ; as a bell or other 
sonorous body when struck in vacuo transmits no sound, 

It therefore necessarily follows that air is such a vehicle, 
or that some subtle fluid is contained in its compo>ition 
which performs the office of transmitting sound : this last 
seems the more probable, because we know, that air is not 
the only vehicle, nor the best, for this transmission; and 
on this supposition it follows, that bodies of any density 
or texture will transmit sound more or less perfect, ac¬ 
cording to the quantity of this fluid contained in them. 

The aqueducts constructing at Paris have lately given 
M. Biot an opporionily of making some interesting ex¬ 
periments on the propagation of sound through solid bo¬ 
dies, being on a larger scale than any hitherto attempted. 
I'iie total length of the pipes was 3118 feet. A blow with 
a hammer at one extremity was heard at the other, pro¬ 
ducing two distinct sounds, the interval of which, mea¬ 
sured in more than 200 trials, was 2*5". And according 
to the experiments of the academy, the time of propaga¬ 
tion of sound lo this distance through the air should be 
2'79“i from which deducting 2‘5" the interval observed, 
wc have ‘2$/' for the time that sound was in being propa¬ 
gated through the solid substance to the distance above 
slated. These experiments were afterwards varied ; the 
result however generally agreed with that above stated. 

Some have considered the electrical fluid as the agent 
by which this office is performed; it has however been 
objected to by others, and many ingenious arguments 
have been advanced on both sides, but without coming to 
a satisfactory conclusion. One thing however is certain, 
that whatever the fluid may be, the sound wc hear is pro¬ 
duced by the stroke that the sounding body makes against 
if, and is thence conveyed to the organ of hearing. But 
the manner in which this conveyance is made is still dis¬ 
puted : whether the sound be diffused into air in circle 
bryojid circle, like the waves of water when we disturb 
the smoothness of its surface by dropping in u stone, or 
whether it travels along, like rays difl'uscd from a centre, 
bomcwliat in the swift manner that electricity ruas along 
a rod of iron, are Questions which have greatly divided 
the opinions of the learned. 
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Newton was of the former opinion; but John Bernou- 
illi confessed, il.at he did not understand this part of tlie 
Principia—and attnnpfcd to give a more perspicuous de¬ 
monstration of l.isown, that might confirm and illustrate 
,hc Newtonian theory ; but the subject s.cmed to rejec t 
plucidalion; for his theory is obviously wrong, as UA- 
lemberl has proved in his treatise on fluids. ,, , 

The Ionian theory has however found an able ad- 
vocale in the ingenious Dr. Young, of 1 rinity College. 
Dublin, who has given a clear, explanatory, and able de¬ 
fence of the 47lh proposition of the 2d book of ibc 1 rin- 
cipia, which has been considered the most objectionable ; 
and some Inlc e.spcrimcnts have contributed in a great 
degree to remove the iliflicuUies with which this subject 
is clouded, am! which will be explained iu their proper 
places. See the articles Ciionn, Echo, Elas^c 
sTiiiNG, Ear, Sound.Transmissiox, Velocity, Vi- 
flllATlOX, Ac. 

ACRE, is a measure of land, contammg, by the ordi- 
nance for measuring land* made in the 33<1 ami 34lh of 
Edward i, iGO perches or square poles of land ; and as 
the statute length of a pole is 54 yards, or lb4 fact, 
therefore the acre will contain 4840 square yirds, or 
43560 squaif feet. The chain with which land i» com¬ 
monly measured, and which was invented by Gunter, is 
4 poles or 22 yards in length ; and therefore the acre is 
just 10 square cliuins. Further, as a mile contains 1760' 
yards, or 80 chains in length, therefore the square mile 
contains 640 acres. 

The acre, in surveying, is divided into 4 roods, aud the 
the rood is 40 perches. 

The French sere, urpent, is equal to 14 English acre ; 

The StrasbuTg contains about 4 English acre; 

The Welch acre contains about 2 English acres ; 

The Iriih acre contains I ac. 2 r. iPirA-P* English. 

The Scotch acre is near 14 Englbli, being equal to 
6150 square yards. 

Sir William Petty, in his Political Arithmetic, reckons 
that England contains 39 million acres: but Dr. Greve 
shows, in the Philos. Trans. No. 330, that England con- 
tains not less than 46 million acres. hence he infers that 
England is above 46 time*as large as the province of Hol¬ 
land, which it is said contains but about one million of acres. 

By a statute of the 3l8t of Elisabeth, it is ordained, 
that if any man erect a cottage, he shall annex four acres 
of land to it. But this statute was repealed by the 15th 
of Geo. lit. cap. 32. 

ACROA'nC.S, a name given to Aristotle s lectures in 
the mofe difficult and nice parts of philosophy; to which 
none but his disciples and intimate friends were admitted; 
whereas the exoteric were public or open to all. 

ACRONYCHAL, or AcroiiycaL, in Astronomy, is 
said of a star or planet, when it is opposite to the sun. 
It is from the Greek oxforux^r, the point or extremity^ of 
nij^t, because the star rose at sun-set, or the beginning 
of night, and set at sun-rise, or the end of night; and so 
it shone all the night. 

The acronychal is one of the three Greek poetic ri¬ 
sings and settings of the stars; and stands distinguished 
from Cosmical and Heliacal. And by means o( which, 
for want of accurate instruments, and other observations, 
they might regulate the length of their year, 

ACROTERIA, or Acroters, in Architecture, small 
pedestals, Qsually without bases, placed on pediments, 
and serving to support statues. Those at the extremities 
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ought to be half the height of the t}'m]>auum; and that 
in theiniddle> according to Vitruvius, one eighth part more# 

Acroteria also are sometimes used to signify figures, 
whether of stone or metal, placed as ornaments or crorvn* 
ings, on the tops of temples, or other buildings. 

It is also sometimes used to denote those sharp pina** 
cics orspiry battlements, that stand in ranges about flat 
buildings, with rails and balustres. 

ACTION, in Mechanics or Physics, a term used to de¬ 
note, sometimes the effort which a body or power exerts 
against another body or {tower, and sometimes it denotes 
the effects resulting from such effort. 

Action is cither iiistautaneous or continued; that is, 
either by collision or percussion, or by pressure# These 
two sorts of action are heterogeneous quantities, and are 
not comparable, the smallest action by percussion ex¬ 
ceeding the greatest action of pressure, as the smallest 
surface exceeds tiic longest line, or as the smallest solid 
exceeds the largest surface : thus, a man by a small blow 
with a hammer, will drive a wedge below the greatest ship 
on the stocks, or under any other weight; that is, the 
smallest percussion overcomes tbepre^ssure of the greatest 
weight# Tliese actions then cannot be measured the one 
by the other^ but each must have a measure of its own 
kind, like as solids must be measured by solids, and sur¬ 
faces by surfaces: time being concerned in the one, but 
not in the other. * 

It is one of the laws of nature, that action and reaction 
arc always equal, and contrary to each other in their di* 
rections« Therefore, if a body be urged at the same time 
by equal and contrary forces, it will remain at rest. But 
if one of these forces be greater than its opposite one, mo¬ 
tion will ensue towards the part which is least urged# 

The actions of bodies on each other, in a space that 
is carried uniformly forward, are the same as if the space 
were at rest; and any powers or forces that act upon 
bodies, so as to produce equal velocities in them in the 
same, or in parallel right lines, have no effect on their 
mutual actions, or relative motions. Thus the motion of 
bodies on board of a ship that is carried uniformly for-* 
ward, are performed in the same manner as if the ship 
were at rest# And the motion of the earth about its axis 
has no effect on the actions of bodies and agents at its 
surface, except so far as it is not uniform and rcctilincah 
In general, the actions of bodies upon each other, depend 
not on tbeir absolute, but relative motion. 

iluaniity of Actiok, in Mechanics, a name given by 
Maupertuis, in the Memoirs of the Academy of Sci¬ 
ences of Paris for 1744, and in those of Berlin for 1746, 
to the continual product of the mass of a body, by the 
space which it runs through, and by its celerity# He lays 
it down as a general law, that in the changes made in the 
state of a body, the quantity of action neecssory to pro¬ 
duce such change is the least possiljle. 'I his principle 
be applies to the investigation of the laws of refraction, 
and even to what he calls the laws of rest, that 
is, of the equilibrium or cquipollency of pressures; 
and even to the modes of acting bf the Supreme Being. 
In this way Maupertuis attempts to connect tbo meta¬ 
physics of filial causes with the fundamental truths of 
mechanics; to show the dependence of the collision of 
both clastic and hard bodies, upon one and the same law, 
which before had always been referred to separate laws; 
and to reduce the laws of inollon, and those of equili¬ 
brium, to one and the same priuciple. « 


But this quantity of motion, or of action, of Mnnprr- 
tnis, which IS dtfiiKd to be the product of the mns'*, 
space passed o\er, and the celerity, comes to the sanje 
filing as the nniUipInd by the square of the\elo- 

city, when the space passed overise(|ual to that bytvkicli 
th«‘ velocity is measured ; and so iho quantity of force 
will be |)roportional to the mass multiplied by the square 
of the velocity; since the space is measured by the velo¬ 
city continued for a certain time. 

In the same year that Maupertuis communicated the 
idea of his principle, Euler, in the supplement to his 
book, intitleii Mcthodns mrcTifcWi lincas curzxis maximt tel 
mini/ui propric(a(e gaudetttes^ demonstrates, that in the tra¬ 
jectories wliich bodies describe by central forces, the ve¬ 
locity multiplied by wbat the foreign mathematicians call 
the elenuiit of the curve, always makes a nnuimum: 
which Maupertuis considered as an application of his 
principle to the motion of the planets. 

It appears from Maupertuis's Memoir of 1744, that it 
was his reflections on the laws of refractions, that led him 
to the theorem above mentioned. The principle which 
Fermat, and after him Leibnitz, mafic use of, in account¬ 
ing for the laws of refraction, is sufficiently known. Those 
mathematicians asserted, that a particle of light, in its 
passage from one point to another, through two mediums, 
in each of which it moves with a diflercnt velocity, must 
do it in the shortest time possible; and from this principle 
they have demonstrated geometrically, that the particle 
cannot go from the one point to the other in a right line; 
but being arrived at the surface that separates the two 
mediums, it must alter its direction in such a manner, that 
the sine ofits incidence shall be to the sine of its refraction, 
as its velocity in the first medium is to its velocity in the 
second : whence they deduced the well known law of the 
constant ratio of those sines. 

This explanation, though very ingenious, is liable to 
this pressing difficulty, namely, that the particle must 
approach towards the perpendicular, in that medium 
where its velocity is the least, and which cooscqucntly 
resists it the most: which seems contrary to all the me¬ 
chanical explanations of the refraction of bodies, that 
have hitherto been advanced, and of the refraction of 
light in particular. 

Sir Isaac Newton’s manner of accounting for it, is the 
most satisfactory of any that has hitherto been offered, 
and gives a clear reason for the constant ratio of the 
sines, by ascribing the refraction to the attractive force 
of the mediums; from which it follows, that the densest 
roediums, whose attraction i$ the strongest, should cause 
the ray to approach the perpendicular; a fact confirmed 
by experiment. But the attraction of the mhdium cquid 
not cause the ray to approach towards the pcrpcndicuiBr, 
without increasing its velocity; as may cosily be demon¬ 
strated. Thus then, according to Newton, the refraction 
must be towards the perpendicular, when the velocity is 
increased; contrary to the law of Fermat and Leibniu. 

Maupertuis has attempted to reconcile Newton’s expla¬ 
nation with metaphysical principles. Instead of suppo¬ 
sing, with Fermat and Leibnitz, tliat u particle of light 
proceeds from oqe point to another in the shortest time 
possible; he contends that a particle of Irgbt passes from 
one point to another in such a manner, that the quantity 
of action shall be the least possible. This quantity of 
action, says he, is a real expense^ in which nature is al¬ 
ways frugal. In virtue of ibis philosophical principle bo 
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fJiscovcrk, that not only the sines arc in a 
but also chat they arc in the inverse ratio of the velocities, 
accorrJmj; to Novion's explanation, and not in the direct 
ratio, us had been asserted by Fermat and Li'ibnitz. 

Nmv according to this principle, the tin^c, that is, the 
space divided by the velocity, should be a minimum ; so 
that calling t/ic space run through in the first medium a, 
\Mth the velocity v, and the space run through in the se¬ 
cond medium r, uith the velocity r, we shall have 
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constant ratio, an aente angle at the vertex, or^whose^ axis. 


in a 


right 


= a 

V 


minimum 


V 
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— 0 or - -- 
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hence - 

V 

Novf it is easy to perceive, that the sines of incidence and 
refraction arc to each other, as s to — s; whence it fol¬ 
lows, that those sines arc in the direct ratio of the veloci¬ 
ties V, r; which is exactly what Fermat makes it. Uut 
in order to have those sines in the inverse ratio of the velo- 
cities, it is only supposing vs ra = 0; wliich givrt 
sv -t- ai ors * v -+■ J * i> a minimum: which is Mau- 
pertuis’s principle. 

Ill the Memoirs of ihc .Acaficmy of Berlin, above cited, 
may be* seen all (he other applications which Muu|icrluis 
has made of this principle. And however iiiifoundeil liis 
mclnpliysicul basis of it may be, as also the idea he has an¬ 
nexed to the quantity of action, it will still hohl good, 
that the product of the space by the velocity is a mini¬ 
mum in some of the most general laws of nature. 

ACTIVE, the quality of an agent for communicating 
motion or action to some body. In this sense the word 
stands opposed to passive: thus we say an active cause, 
active principle, 6:c.—Sir Isaac Newton shows, that the 
quantity of motion in the world must be always decreas¬ 
ing, in consequence of (he vis inertia*, &c. So that there 
is a necessity for certain active principles to recruit it: 
such he takes tlic cause of gravity to be, and the cause 
of fermentation; adding, that we see hut little motion 
in the universe, e.xcept what is owing to these active prin¬ 
ciples. 

ACTIVITY, the virtue or faculty of acting. As the 
activity of an acid, a poison, &c : the activity of fire ex¬ 
ceeds all imagination.—According to Sir Isaac Newton, 
bodies derive their activity from the principle of attrac¬ 
tion. 

Sphere of Activity, is the space which surrounds a 
body, as far as its efficacy or virtue extends to produce 
any sensible effect. Thus we say, the sphere of activity 
of a loadstone, of an electric body, &c. * 

ACUBLNE, in Astronomy, the Arabic name of a star 
of the fourth magnitude, in the southern claw of Cancer, 
marked a by Bayer. Its longitude for I76i, 10* 18' 9", 

south latitude 5* S' 56". 

ACUTE, or sharp; a term opposed to obtuse. Thus, 
Acute, Angle, in Geometry, is that which is less thau a 
right angle ; and is measured by less than 90 % or u quan- 
drant of a circle. As the angle a bc. 
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Acute ang!e Thangle, is that whose three angles arc 
all acuto i and is otherwise called an oxygenous tiiannlc. 
As the triangle def. 

AcvTtrangled Cone, is that whoso opposite sides make 


cone, makes less than half a right angle with the side. 

As the cone on J. 

Pappus, in his Mathematical Collections, says, this 
name was given to such a cone by Euclid and the ancients, 
before tlie'time of Apollonius. And they called an 

AcuTE-ong/rd Section of a Cone, an Ellipsis, which was 
made by a )>laiie cutting both sides of an acute-angled 
cone ; it being not known that such a section could be 
generated from any cone whatever, till it was shown by 
Apollonius. 

' Acute, in Mu«ic, is understood of a tone, or sound, 
which is high, shar|), or shrill, with regard to some other: 
in which sense the w«»rd stands opposed to grave. And 
both these sounds are independent ot loudness or force: so 
(hat the. tone n»ay bc acute or high, without being loud ; 
and loud without being high or acute. For both the af¬ 
fections of acufe and grave, de pend entirely on the quick¬ 
ness or slowm-ss of the vibrations by which (hey are 
produced.—Sounds considered us grave and acute, that 
is, in the relation of gravity and acuteness, constitute 
what is called tunv, (he foundation of all harmony. 

AD.'VOIO, in Music, one of the terms used by the Ita¬ 
lians to express a degree or distinction of time. 

Adagio denotes (he slowest time except grave. 

Sometimes the word is repeated, ns adagio, adagio, to 
denote a still slow er time than the former. 

Adagio also signifies a slow movement, when used sub¬ 
stantively. 

• ADAR, in the Hebrew Chronology, is the 6th month of 
their civil year, but the 12th of their ccclosiusticnl year. 
It contains only 29 days; and it answ ers to our February ; 
but sometimes entering into the month of March, accord¬ 
ing to (he course of the moon. 

ADDH'ION, the uniting or joining of two or more 
quantities together. 

Additiok, in Arithmetic, is the first of the four fundn- 
mental rules or operations of that science; and consists 
in finding a number equal toscvcral others taken together, 
or in finding (he most simple expression of a numl^r ac¬ 
cording to the established mode of notation; and the 
quantity so found is named their sum. 

1'lie sign or character of addition is and is called 
plus. This character is set between the quantities to bc 
added, to denote their sum: thus, 3 6 = 9i thttt is, 3 

plus 6 arc equal to 9« ' ' 

Simple numbers arc either added os above; or 
else by placing them under one another, os in the 
margin, and adding them together, one after an¬ 
other, beginning at the bottom : thus 2 and 4 make 
6, and 6 moke 12. 

Numbers consisting of several figures arc added, by 
first ranging the numbers in columns under each other, 
placing always the numbers of the same denomination 
under cacti other, that is, units under units, tens under 
tuns, and so on; and then adding up'each column sepa¬ 
rately, U'ginning at the right hand, setting down the sum 
of each column below it, unless it amount to ten or some 
number of tens, and in that case setting down only the 
overplus, and carrying one for each ten to the next co¬ 
lumn. Thus, to add 431 and 326, 


6 

4 

2 

12 


45n 

326 j 

Sum 777 


that is 


5400 

1300 


50 

20 


1 

6 


= 700 70 7 



iincwhal is ovortheninoornines; (hen 
do tlic same by llicsunMolal, as also by 
the former excesses of 9 , so shall the 
last cxci-sses be equal when the work is 
right. Thus, the former example 
will be proved os annexed : 


. 329 ' " 

1562 
20347 
712048 


734286 


5 

^ 7 

e j 

3 


When the numbors arc of diflbrent denominations; as 
poun<i 9 y sbillingSf and pence; or ynrtls, fcct^ and inches; 
place the numl^rs of the same kind under each other, as 
pence under pence, sbilliiigs under shiiiings, &c; then 
add each column 6 i*parately, and carry the overplus as 
before, from one column to another. As in the following 
examples: 


1 . 

«. 

d. 

Yirdi. 

Fm. Ibche* 

271 

12 

3 

271 

10 3 

9 * 

14 

7 

36 

2 7 

42 

5 

10 

14 

2 5 


408 12 8 sums 323 O* 3 

Addition of Fractions^ is performed by bring¬ 

ing all the proposed fractions to the same denomination, 
when necessary, and all compound fractions and mixed 
numbers to simple fractions ; then reduce all the fractions 
to a common denominator, and the sum of the numerators 
placed over the common denominator will be the answer 
sought. 

So f 4 * ^ s And 

And i 4 - f i 4 - I sr I = 4 . 

And I 4 - I of J 3 - I -f- i = I = I = If 
When the fractious are of diiferent denominations, some 
farther operations are necessary; thus,. 

Ad 8 , ^0 4 *fL 4 -^s together. 

Here | ^ x y = y a 


and Y 
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Also to add the numbers 329 Jo62 325> 

20347 71204S ; set ihem down as in the 1562 

margin, and beginning at the lowest number 20347 

on the right hand, say 8 and 7 make 15, 712048 

and 2 moke 17, and 9 niako 26 ; set down 734286 

6 > and carry 2 to the next column, saying 2 - 

and 4 make 6 , and 4 make 10, nod 6 make 26 

16 , and 2 make 18 ; sec down 8 , and carry I 6 

1, saying I and 3 make 4, and 5 make 9 , If 

and 3 make 12 ; set down 2, and carry 1, 3 

saying 1 and 2 make 3, and 1 make 4, 3 

which sot down ; then 1 and 2 make 3 ; and 7 
7 is 7 to set down : so the sum of all toge- . 
ther is 734286. Or it is the same as the 
sums of the columns set under one another, as in the 
margin, and then tlu^se added up in the same manner. 

When a great number of separate sums or numbers ^are 
to be added, as in long accounts, it is easier to break or 
separate them into two or more parcels, which are added 
up severally, and tlieii their sums added together for the 
total sum. And thus also the truth of the addition may 
be proved, by dividing tbt^ numbers into parcels ditferent 
ways, as the totals must be the same in both cases when 
the operation is right. 

Another method of proving addition was given by Dr. 
Wallis, in his Arithmetic, as well as by Lucas de Burgo, 
and probably by former authors also, by ca>ling out the 
nines, which method of proof extends also to the other rules 
of arithmetic.* The method is this : add the figurcsof each 
line of numbers together sevurally, casting out always 
9 from the sums as they arise in $0 adding, carrying the 
overplus to the next hgure, and sclung at the end of each 
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10 ^ 6^ • 
^ — -w 3 


SO 

y 


$ — 1764 
7 TTC 


is 


I ? » .— 
YTO ^ 




I7s. yd. Ans. 

ADDiTiOK 0 / Dwimais, is performed in the same man- 


371 -0496 
25-213 

1704 

924 31 

•0962 


ncr as that of whole numbers, placing 
the numbers of the same denomination 
under each other, in which case the de- 
cimal se parating points will range straight 
in one column; as in this example, to 
add together ibcse numbers 371*0496 
4- 25*213 4 - 1704 4 - 924*61 -H - 0962 . 1322*6728 

Addition of Circulating Decimals is perfonned bv 
changing each of them into its equivalent vulg^ir fraction, 
and finding the sum of such fractions.—For the methcui o 1 
changing, recurring or circulating decimals to vulgar frac¬ 
tions, see Circulating Dccifnah^ 

ADDl riON in Algebra^ is the uniting or incorporating 
of mdetenuinate quantities denoted by letters into one 
contracted expression. The operation is performed by 
connecting the quantities together with their proper signs, 
and collecting all similar quantities into one sum; namely, 
by adding their co-efficients together if their signs are the 
same, but subtracting them when difTercnt Thus the 
quantity a added Co the quantity. 5, makes o 4 - 5; and 0 
added to — 6, gives a —5; also the compound quantity 
(5a — b) added to (4a 4 - 36) jiroduces the sum (9a 4 -26). 
See the following examples: 


5iy 

4«x 

— 4ax 

4i*y 

2ax — 
3x* ‘ 4 . 

5Ty 4- 
•^5r* -h 


Ox-y 

- 4xV 

— 2axy 


7ah 
4aV 
— 3o6 
^ 2a*6* 


6sy — 7r^y — 2axy 4a6 4- 2a^6* 

150 -h 2r^ 4/ - 7jy x* 

2ax -I- 6x* 4^ -► 4xy — i* 

50 — 3x* Sy 3^ — ax* 

100 j* ay - aay ^ ax* 


4ax 4x* ■+• 5jy 7y 7y — 2ay* 

Addition qf Algebraic Fraclims, is performed by tho 
same rule, as has been given for addition of vulgar frac¬ 
tions ; as vs'iil be seen by the following examples ; 

t>„ , *-•» x+3 r^-as ar+9 »ar-J9 . 

tx. J. — - -- - -♦* =s-- Ans. 


Ex. 2. y 


7 ai ai ai 

-V- + - — = 8 ,, ^ 

Addition qf Surda. In this rule all the given qiian- 
litiea must be reduced lo the same denominiuion, or to 
the same radical, if that can be done; then addin" ,or 
uniting the rational parts, and subjoining the common 
surd. Otherwise connecting them with their own signs. 

Soys v '18 = ^(4 X 2) + ^(9 X 21=24/2 

+ 3^2 = sy2 = ./SO; 

and yia *4- y27 = v'(4' X 3) -*■ yo X 3) = 24/3 
■h 3\/3 = 5^3 — t/7b ; 

and v'50 v/75 = ^(25 * 2) 4/(25 x 3) = 5v/2 

5^3 = (^2 + y3)5; 

but of y 5 and y6 the sum is set down ^5 v'fi, be¬ 
cause the terms arc incommensurable, and not reducible 
to a common surd. 

Addition IiOgortfAau. See Logarlthmi. 

Addition the same as compositioD of ratios* 

which sec. ' 

ADDITIVE, denotes something to be added to another, 
in contradiitinecion to something to be taken away or 
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sulilrut ted. So astronomers spook of addiiise equations, 
and geometricians of additive ratios. 

AOKLAlU), or ATH^LARD, was a learned monk of 
Hath, in England, who flourished about the year 1130, as 
appears by soijh’ manuscripts of his in Corpus Christi, and 
'I'rinity Colleges, Oxford. V’essius says be was universally 
learned in all the sciences of his timc;and that, to acquire 
all sorts of knowledge, he travelled into France, Germany, 
Italy, Spain, Egypt, and Arabia. He wrote many books 
hintself, and translated others from different languages: 
thus he translated, from Arabic into Latin, Euclid's 
Elements, at a time before any Greek copies had been 
discovered; also Erichiafarim, on the seven planets. He 
wrote a book on the seven liberal arts, another on the 
astrolabe, another on the causes of natural compositions, 
besides several on physics and on medicine. 

Though Vossius refers to Oxford for some of these ma¬ 
nuscripts, it would yet seem they were not to be found 
thece in Wallis's time; for the Doctor, speaking of this 
author, and other English authors and travellers about the 
same age, says, “ A particular account of these travels of 
Shelley and Morley was a while since to be seen in two 
prefaces or two manuscript books of theirs in the library of 
Corpps-Cbristi College in Oxford, but hath lately (by 
some unknown hand) been cut out, and carried away; 
which prefaces (one or both of theiri) did also ihnkc men¬ 
tion of the travels nf Athelardus Bathoniensis, and are, to 
that purpose, cited by Vossius out of that manuscript 
copy. Whoever hath them, would do a kindness (by 
some way or other) to restore them, or at least a copy of 
them." Wallis’s Algebra, pa. 0. 

ADEEM, Aldiielmus, or Altiiblsius, a learned 
Englishman, who flourished about the year 680. He was 
first abbot of Malmsbury, and afterward bishop of Shir- 
burn. He died in the year 70p, in the monastery of 
Malmsbury.—Adclm was the son of Kcnrcd or Kcntcn, 
who was the brother of Ina, king of the West Saxons in 
England. Besides certain books on theology, he compo¬ 
sed several on the mathematical sciences, &c ; as Arith¬ 
metic, and Astrology, and librum do philosophorum disci- 
plinis. Sec Bede’s History, lib. 5. cap. 19 . He is also 
mentioned by Bale and Wiilium of Malmsbury. 

ADEKAIMIN, or AtPF.RAiuiK, the Arabic name of 
a star of lh 8 third magnitude, in the left shoulder of Ce- 
pheus marked a by Buyer. Its longitude for 176l,. T 
9’ 30f 8 ", north Iktitudc 68 " 56' «0". 

ADFECTED, see AfPECTBO. 

ADHESION, Abherencb, in Physics and Chemifi- 
try, a species of attraction which takes pl^cc between 
the surfaces of bodies, that are either similar or dissimi¬ 
lar, and which in a certain degree connects them to¬ 
gether: thus, water adheres to the Angers, mercury to 
gold, two pieces of lead or brass to each other, &c. Hence 
arises an important distinction between two words, that in 
a loose and popular sense arc often confounded, that is, 
^(fAcjfon and Cohaion .—^Thc former denotes an union to 
a certain point between two similar or dissimilar substan¬ 
ces; and the latter, that which retains together the com¬ 
ponent particles oftbo same mass. 

'The proximate cause of adhesion, has been variously 
stated by diScrent philosophers. James Bernoulli attribu¬ 
ted it to t|;ic pressure of the air; but this was afterwards 
found to be incorrect by some experiments made by Mr. 
Hauksbee; and it has since been proved, that the power 
of adhesion is proportional to the number of touchit^ 


points, atid this depends on the figure of the particles of 
which the body is formed; and in solid bodies on the 
degreein which their surfaces are polished and compressed. 
Dr. Brook Taylor first observed, in 1713, the ascent of 
water between two planes of glass; this led him to make 
several experiraeiils on the adhesive power of surfaces; 
from which he concluded that the degree of this lorce 
'might be measured by the weight required to separate 
th^m. This idea was taken up and pursued with consi¬ 
derable success by M. dc Morveau (now M. Guyton). 

He procured cylinders, or rather plates, of different me¬ 
tals in ibcir highest state of purity, which were made per¬ 
fectly circular, highly polished, and furnished with n 
smal^i^ng fixed to their centre, each plate being exactly 
an inch in diameter. Those plates were in turn suspended 
to the arm of an assay balance, and being exactly coun¬ 
terpoised by weights placed in the scale attached to 
the opposite arm, were applied to mercury in a vessel 
about \ of an inch below tbem. After sliding them along 
the surface to prevent any air from lodging between them 
and the mercury, weights were successively added to the 
scale attached to the opposite arm, till the adhi’sion be¬ 
tween the plate and the mercury was broken: and fresh 
mercury was used for each experiment. Th 6 results of 
which arc exhibited in the following table. 

Gold adheres to mercury with a force of 446 grains. 


Silver . 429 

Tin . 418 

Uad . 397 

Bismuth . 372 

Zinc . 204 

Copper .. 142 

Antimony (rcgulus) . 126 

Iron... 115 

Cobalt . 8 


These experiments clearly proved, as indeed bad been 
before done by Flauksbce, that the atmosphere was not 
the agent or cause of adhesion; for bad this b¥en the cose, 
it is evidept that, the surfaces being the same In each expe¬ 
riment, the force of adhesion in each must have Imn 
equal also. The above method has been since pursued 
to greater lengths, and with more accuracy by M. Ach- 
ard and others, who took into their account the tompera- 
turc of the fluids. And from the result of these inter¬ 
esting experiments wc may conclude—That there exists 
a tendency to adhesion between many, and probably 
between all substances in nature, absolutely indepen¬ 
dent of atmospherical or any other external pressure; 
that the force of this adhesion between solids is in the 
order of their chemical alBnilies; and between solids 
and fluids in an invene ratio to the thermometrical tem¬ 
perature, and in a direct ratio to the squares of the sur¬ 
faces : also that every sulid adheres with a peculiar force to 
each fluid ; that tbU force is truly expressed by tbo 
weight necessary to break the adhesion, in all cases where 
the solid comes out clear from Uic fluid; but that when 
any particles of the fluid adhere to the solid, the weight of 
the counterpoise is then expressive of the mixed force of 
adhesion between the surfaceof the sulid and the fluid,and 
of the cohesion between the component particles of the 
latter. 

In order to keep a connected view of this subject in its 
progress towards perfection, such experiments only have 
been related as most materially tended to the eccoiuplish- 
ment of that desirable end; and consequently many cu- 
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rious and entertaining experiments have not been men* 
Uoned. ASf however, some of these may aflord a ciegrt^ 
of satisfaclioD and arnnscmeni to the rt^der, we have de* 
tailed a few of the most intcrestiiig ones, as they are re* 
laled by Muisebenbrot^k and Martin. The former, in 
his Philosophy, as translated by Coison, relates that two 
cylinders of glass, whose diameters were not quite two 
inches, being heated tu the degree of boiling water, and 
joined together by means of melted tallow lightly put be* 
tween them, adhen-d with a force of 130 pounds; lead of 
the same diameter, and in similar circumstances, adhered 
with a force of 275 pounds, and soft iron with a force of 
300 pounds. And Martin, in his Philosophia Britan- 
nica, voL 1, $ays, that with two leaden balls, not weigh* 
ing above a pound each, nor touching on more than 
of a square inch of surface, he has lifted more than 130 
pounds weight: the balls being first very finely planed 
with the edge of a sharp pen-knife, and then equally 
pressed together with a considerable force, and a g<nnle 
turn of the band. The force of adhesion between two brass 
plates, of about 4^ inches diameter, and smeared with 
grease or fat, is so powerful, as to require more than the 
strength of two strong men to separate them, i hoac who 
wisJi to see more on this subject, may consult to advan¬ 
tage the Supplement to Encyclopedia Britannica, art. 
Chemistry, and llees' Cyclopedia, art. Adhesion ; as also 
the two works above mentioned. 

ADIIIL, in Astronomy, a star, of the 6ih magnitude, 
on the garment of Andromeda, under the last star in her 
foot. 

ADJACENT, whatever lies immediately by the side of 
another. 

Adjacent Jngle , in Geometry, is said of an angle 
when it is immediately contiguous to another, so that 
they have both one common side. And the term is more 
particularly used when the Uvo angles have not only one 
common side, but also when the other two sides form one 
continued right line. 

Adjacent Bodie$, in Physics, are understood of those 
that arc near, or next lo, some other body. 

ADJUTAGE, or rather AJUTAGE; which see. 

ADSCRIPI'S, in Trigonometry, is used by some ma¬ 
thematicians, for the tangents of arcs. Vieta calls them 
also prosines. 

ADVANCE-Fossb, in Fortification, a ditch thrown 
round the ^planade or glacis of a place, to prevent its 
being surprised by the besiegers.—The ditch sometimes 
inatle in that part of the lines or retrenchments nearest 
tbe>cnemy, to prevent him from attacking them, is also 
called the advanco-fosse.—The advancc-fosse shoold al¬ 
ways be full of water, otherwise it will serve to cover the 
enemy from the fire of the place, if he ehould become 
masUT of it. Beyond the advance-fosse it is usual to 
construct lunettes, redouts, See. t 

^ ADVENT, AdveniiUf in the Calendar, the time imme- 
diaiely preceding Christmas; and was anciently employed 
in pious preparation for the adttnius, or coming on, of 
the feast of the Nativity. 

Advrut includes four Sundays, or weeks; commencing 
cither with the Sunday which falls on St^ndre\/s day, 
namely die 30th day of Kovembor, or the nearest Sunday 
to that day, either before or after. 

AOLIPILE, in Hydraulics, a hollow ball of 

metfl, with a very small bole or opening; chiefly used to 
show the coflveitibility of water into elastic steam. The 


best way of filtuig up this instrumeid^ i' uiih a very sU-n- 
dcr neck or pipe, lo screw on and off, for the convenience 
of introducing the water into the inside; for, by un¬ 
screwing iho pipe, and immerging the ball in water, it 
readily fills, the hole being pretty largo; and then the 
pipe is screwed on. But if the pipe do not unscrew, its 
orifice is too small to force its way in against the included 
air; and therefore to expel most of the air, the ball is 
heated red-hot, and suddenly plunged \rith its orifice into 
w'ater, which will then rush in till the ball is about two- 
thirds filled with it. The water having been introduced, 
the ball is set upon the fire, which gradually heals the 
contained water, and converts it into elastic steam, this 
rushes out by the pipe with great violence and noise; and 
thus continues till all the water is so discharged ; though 
not with a constant and uniform blast, but by sudden 
ones: and the stronger the fire is, the more elastic will 
the steam be, and the greater the force of the blast. Care 
should be taken that the ball be not set upon a ^ioftnt 
fire with very little water in it, and that ibe small pipe be 
not stopped with any thing; for in such case, the included 
elastic steam will suddenly burst the ball with a very dan¬ 
gerous explosion. 

This instrument was known to the ancients, being men¬ 
tioned by Vitruvius, lib. 1, cap. 6. It is also treated of, 
or mentioned, by several modern authors; as Descartes, 
in his Meteor, cup. 4; and Father Mcrseiine, in prop. 
39 Pha^dom. Pneumat. uses it to weigh the air, by first 
weighing the instrument when red-hot, and having no wa¬ 
ter in it; and afterwards weighing the same \vhi*n it be- 
comc-s cold. But the conclusion gained by this means, 
cannot be quite occurate, as there is supposed to be no 
air in the ball when it is red-hot; whereas it is shown by 
Varenius, in his Geography, cap. 19, sect. C, prop. 10, 
that the air is rarefied* but about 70 times; and conse¬ 
quently the weight obtained by the above process, will 
be about one-70th too small, or more or less according to 
the intensity of the heat. 

Descartes, and others, have made use of this instru¬ 
ment, to account for the natural cause and production 
of the wind. And hence its name, j^olipila, q. d. pila 
A£oli, i£oIus' ball. 

In Italy it is said that the .Sblipile is often used to 
cure smoaky chimneys: for, being hung over the fire, 
the blast arising from it carries up the loitering smoke 
along with it. 

And some have imagiued that the reolipile might be 
employed as bellows lo blow up a fire, having the blast 
from the pipe directed into the fire: but experience would 
soon convince them of their mistake; for it would ra¬ 
ther blow the fire out than up, as it is m>t air, but rarefied 
water, that is thus violently blown through the pipe. 

£OLUS, in Mechanics, a small portable machine, in¬ 
vented by Mr. Tidd, for refreshing and changing the air 
in rooms which are made too close. ITic machine is 
adapted to supply the place of a square of glass in a sash- 
window, where it works with little or no noise, on the 
principle of the sails of a mill, or a smoke-jack; and thus 
admitting an agreeable quantity of air, at a convenient 
part of the room. 

Bolus’s Harp, ox MoUan Hnrp, an instrument so 
named, from its producing an agreeable melody, merely 
by the action of the wind. Neither the inventor, nor 
the date of the invention, of this instrument is accurately 
known. Ktrcbcr, in hh MagfaPhcnotactica and Pbonur- 
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Bia: l.as eivon iht- first descrcpnon of u ; an.l hence the 
mvention of it has by some uulhors been attributed to 

hi ni« • A 

Its construction is extremely simple, as it consists ot 

little more than :i number of cat-gut or wire strings, is- 

tended in parallel lines over a box of thin deal, having a 

top of the same thin vvooil, vvitli sounding-holes. Then 

the strings being tuned in unison, anil the instrument 
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placcil in a proper situation for receiving a current of 
air, as an open window, iSic, it produces by the tremulous 
motion which the wind communicates to the strings, a 
soft murmuring, and [>lea»itig combination of sounds. 

The late Rev. W. Jones, constructed an /Eolian harp 
on an improved plan ; the strings of which, instead of 
being on the outside, are fixed to a sounding-board with¬ 
in the box, and the wind is admitted to them through an 
horizontal aperture. In this form the instrument is port¬ 
able and may be used in the open air. Several attempts to 

explain the principlesofthewild harmonyof this instrument 

have been made by different autliors: of these Dr. Young’s 
is considered as the most satisfactory, which is here sub¬ 
joined. The particles of n current of air, which strike 
against the middle point of a stretched elastic string, will 
niovc the whole string from its rectilinear position; and 
as no breeze continues of the same strength for any con¬ 
siderable time; although it be suflicieiil to remove the 
string from its rectilineal position, yet, unless it be very 
rapid and violent, it will not bc«blc to keep it bent; and 
consequently a vibration will ensue, and pulses in the 
air will be excited, which will produce the tone of the 
entire string. But if the current of air be too strong 
and rapid, when the string is bent from the rectilineal po¬ 
sition it will not be able to recover that position, but will 
continue bent, like the cordage of a ship in a brisk gale. 
However, though the whole string cannot perform its vi¬ 
brations, the subordinate aliquot parts may, which will 
be of different lengths in different cases according to the 
rapidity of the breeze. Thus, when the velocity of the 
current of air increases so as to prevent the vibration of 
the whole string, those particles which strike against the 
middle points of the halves of the string agitate those, 
halves; and as these vibrate in half the time that the 
wholc'string does, notwithstanding the breeze may bc'too 
rapid to admit of the vibration of the whole string, yet 
it can have no more effect in prcvciiiing the motion of the 
halves, than it would have on the whole were its tension 
quadruple; for the limes of vibrations of strings of dif¬ 
ferent lengths,agreeing in other circumstunces,are directly 
as the lengths; and in strings of different tensions, and 
agreeing in other circumstances, inversely as the square 
roots of the tensions (see Chord): and therefore, ibeir 
vibrations may become strong enough to excite such 
pulses as will affect the drum of the ear: and the same 
may be said of the other aliquot divisions of the string. 
Those panicles which strike against such points of tho 
siring as are not in the middle or aliquot parts, will inter¬ 
rupt and counteract each other’s vibration, as is the case 
of sympathetic and secondary tones, and lhcrefurc»will 
not produce a sensible effect. When zEolian notes arc 
heard, which are not produced by any submultiplcs of 
the string, they are very transitory, and immediately vary 
their pitch, till they ,coincide with the notes the next 
above or below them, whicli arc produced by the exact 
aliquot parts of the whole string: and thus the harmony 
is never interrupted by long-continucd discords. 


/ERA, in Chronology, is the same as epoch, or cpocha, 
and means a fixed point of time, from which to begin a 
compulation of the years ensuing. The word is some¬ 
times also written era in ancient authors. Its origin is 
contested, though it is commonly supposed that it had its 
rise in Spain, others say from the Arabs. Some imagine 
that it is formetl from a. er. a. the abbreviations ol the 
words, annus eral Augusti, or from fl. e. r. «. the initials 
of the wonls nn/ms a at regni Augusti, because the Spa¬ 
niards began their computation from the time that their 
country came under the dominion of Augustus. Others 
derive it from as, brass, llic tribute money wiili which 
Augustus t.ixed the world. It is also said that <era origi¬ 
nally signified a number stamped on money to determine 
its current value; and that the ancients used as or ara 
as an article, as we do the word item, to each particular 
of un account; and hence it came to stand lor a sum or 
number itself. 

zEha also means the way or mode of accounting time. 
Thus we say, such a year of the Christinr, sera, &c. 

Spanish AiR A, otherwise called the year of Ca?sar, was 
introduced alter the second division of the Roman pro¬ 
vinces, between Augustus, Aiuhcmy, and Li-pidus, in the 
714th year of Rome, the 407tith year of the Julian pe¬ 
riod, and the 38lli year before Christ. In the 447ih year 
of tins ajra, tlie Aluni, the Vandals, Suevi,&c, i nlercd 
Spain, it is trcquently nuntioiied in th'- Spnnisli affairs; 
tlicir councils, ami other public acts, being all dated ac¬ 
cording to it. Some s-ny it was abobslied under Peter iv, 
king of Arragon, in the yi-ar of Clirist 1358, and the 
Christian »ra introduced instead of it. But iManana ob¬ 
serves that it ceased in the year of Christ 1383, under 
John I, king of Castile. The like was afterwurds done 
in Portugal. 

Chnsiian JEra. It is. generally allowed by Chronolo- 
gers, that the cumputalioii of time from the birth of 
Christ, was only introduced in the sixth century in the 
reign of Justinian; and it is commonly ascribed to Dio¬ 
nysius Exigiius. This tera came then into use in deeds, 
^c; before which time, cither the olympiads, or the year 
of Rome, or that of the reign of the emperors, was used 
for such purposes. 

Sec an account of the other principal sras under the 
word Epoch. 

AERIAL Perspective, is that which represents bodies 
diminished and wcakchcd, in proportion to their distance 
from the eye. 

Aerial Perspective chiefly relates to the colours of ob¬ 
jects, whoso force and lustre it diminishes more or less, 
to make them appear as if more or less remote. It is 
founded upon this, (hat the longer the column of air an 
object is seen through, the more feebly do the visual rays 
emitted from it affect the eyp. 

XEROGRAPHY, a description of the sir, or atmo¬ 
sphere, its limits, dimensions, properties, &c. 

AEROLITHS, or Aerolites, i. e. Air-stones, ,or 
stones from the atmosphere, arc those compound kind of 
masses which sometimes fall from the atmosphere, in all 
countries, and which arc therefore often called meteoric 
stones.—The descent of any such bodies was for a long 
time doubted, the popular opinion that attested tho rea¬ 
lity being mostly regarded as a vulgar prejudice; but iha 
fact hB» been often proved of late, in such a manner as 
to leave nd reasonable doubt of the existence of tho phe¬ 
nomenon. See an account of many of theso descents, 
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■dcsciibcJ in my paper on this subject, in the Abridg. 
riulos* Trans, vol. 6f pa* 100, as well as several other ac« 
counts there referred to. 

Th<5 following table, drawn up by M. Izaron, a philo* 
2}ophcr who has paid considerable attention to the history 

Substances /alien. 

Shower of sulphur . 

Shower of stones 


Shower of stones. 

Shower of iron. 

Shower of Mercury. 

A very large stone. 

Three large stoiu^. 

ISIass of iron, 14 quintals... 

Large stone, StfOlbs. 

About 1200 stones; one*) 

1201 bs. anotlierof 60lbs. y 

Another, of 59lbs.. 

Sulphurious rain. 

The same... 

5hower of viscid matter..,. 

Stone of 72lbs.. 

Shower of fire. 

Shower of sand for 15 hours 

ShowcT of sulphur. 

A stony mass. 

Shower of stones.. 

Two stones, wt. 20lbs.. 

Two do. 200 and SOOlbs ... 

A stone of .. 

A stone.. 

A Slone.... 

Shower of stones.... 

Extensive do... 

About 12 stone . 

Large stone of 561 bs . 

A stone of lOlbs.. 

A stone of 20lbs .. 

A stone of 20)b$.. 

Shower of stones.. 

Mass of iron, 70 cubic ft.... 

SomcstoneSiffomlOtolTlbs 

To this list might be added many more instances, and 
among them several of more recent date. Of these 


of these bodies, exhibits a collection of some of the 
authenticuted instanc<^ of the falling of stones, and other 
substances, from the atmosphere, that have been observed, 
with the times when they (ell, and the authorities or 
names of the persons on whose evidence the facts rest. 

Testimonies. 

.Mosts 
Livy 

J. Obsequons 

Pliny 
Dion 
Pliny 

Ch. of Count Marcelhn 
Pallas, Chladni, &c 
Butcnschocn 


Places where they/ell. 
Sodom and Gomorrah...... 

Times of their fall. 

Year before J- C 1808 

At Rome.. 

At Romo. 

In Lucania. 

In Italy. 

Under Tullius Hostilius.... 

Consuls C. Martius & M. 7 
Torquatus......j 

Year bef. defeat of Crassus 

Near the river Negos,Thrace 

2d year of 7bth Olympiad 

In Thrace. 

Vs>oF Krvf»x»*/> I 4 

Abakuick, Siberia. 

Very old .. . 

RnsUheim, Upper Rhine... 

Nov. 7ih, 1492. 

Near Padua, in Italy. 

In 1510. 

Mount Vaiscr, Provence ... 

1 

1 Nov. 07 1^07. 

Copenhapen. 

In 164 ^. 

Duchy of Mansfeld. 

In 1658. 

Iceland. 

In |6Q‘5. 

Macedonia. 

.lamiHrv 170/? 

Quesnoy. 

liin. 4,th 1717 

Atlantic Ocean... 

Anril t7 10 

Brunswick . 

OrtoK#»r 170 1 

Niort, Normandy............ 

In 17.50. 

Near Tabor, Bohemia.. 

Julv .8d. 17.5.8. . 

Liponas in Brossc.... 

Sentember 17^*1 

Near Verona. 

In 1 7G0 . 

At Luce, in Le Maine. 


Airo, in Artois.. 

In 1768...:.. 

In Le Cotcniin. 

Tn 17/7Q 

Near Roquefort. 

.lulv 1780. 

Environs of Asen... 

liilv 94 i7nn 

Sienna, Tuscany.. 

.Tulv 1704. . 

Wold-Cottage, Yorks. 

Dee. 13. 170.5 ... 

III Portugal. 

Feh. 10. 1706 . 

Sales, nc-ar Ville-Franche... 

March 12, 1798. 

Sale, dept, of the Rhone... 

.March 17, 1798. 

Benares, East Indies . 

Dee. 10. 1708. 

America.. 

Anril ^ larwi 

l/Aigle, Normandy.] 

April 20, 1803. 


Cardin, V’^arait 

Gassendi 
Olaus Wormius 
Spaugtmbcrg 
Muschenbroeck 
Paul Lucas 
Gooffroy Ic Cadet 
Pere le Feuillec 
Siogesber 
Lalande 
B.do Born 
Lalande 
Acad, dc Bourd 
Dachelay 

Gurson dc Boyaval 
Morand 

Darcct, jun* Lomet, &c 
St. Amand, Baudin, &c 
Earl of Bristol 
Cnpt, Topbuni 
Southey 
De Dr^e 

Leiievre & Dc Dr^o 
J. Lloyd Williams 
Philos. Magazine 
Fourcroy 


cent fusion. Besides, several of these singular substances 
have been very carefully examined and analj^cd by Four* 


masses, ibe larger kinds have been seen as luminous bo- croy, Howard, Bournois, Lavoisier. Vuuquelin, and other 
dies moving with very great velocities, descending in ob- eminent chemists and naturalists in Europe: and it has 
iKjue directions, commonly with a loud hissing noise, re- been found that all the substances examined a^n>c verv 

seinb mg that of a mortar shell, or cannon ball, or ra- nearly in nature and composition, having the sa^me com- 

Iher of an irregular hard m^s, violently projected ponent materials, and in nearly the same proportions: 
ihrough the air; surrounded bya blaze or flame, tapering thus, the stones examined by Count de Bournon and Mr 
off to a narrow stream in the binder part; they are heard Howard, were found to consist of four distinctsubstancesi 
to explode or burst, and even to fly in pieces, the larger a peculiar martial pyrites, a number of globular and 
Jiaru going foreinost, and the smaller followuig in succcs- lipucal bodies, also of a peculiar nature, and an earthy 

S'.S Tl 1 cement surrounding the other component parts. The na^- 

w h great V olence; and, on examining the pUcc of the turn of tbe metallic particles was The sanvo in all, being 
fall, tbe pans are found scattered about, being sull con- in each an alloy of iron and nikcl. In the pyrites nikel 

Lv. a remarkable character is, of the pyrites, by muriatic acid, afforded a dislinguisbincr 

^ai they have perfect resemblance to one another, character of that substance. The globules contained miS^ 

w ‘i'ffcrent from the neigh- nesia, silica, with oxides of nikd® nd iron. The eartl^y 


bouring bodies, and show in every case the same appear* 
ance of icmimctallic matter, coated on the outside with 
a thin black incrustatiou^ and bearing strong marks of tc* 
Vol* 1. 


cement consisted of the same aubstances nearly in the 
s^c proportions. With regard to the proper I ions of 
these conblitueuts, the celebrated stone which fell ut tn* 
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in Aliacc, in 1492, and those which fell at I’Ai- 
rle, in Franco, in 1803, w< ro found to ynld, by the ana. 
lyses, of Fourcroy and Vauquelin, the proportions follow¬ 
ing, vix, ut . 

EnsUheinu LAiglc. 

i6 O.of silica. 54- 

30 0.oxyd of iron....... 36 

12-0. mugnesia. 9 

2'4. ink. I. 3 

3*5.ynlphur. 2 

1’4.. lime.. 

lO.'i-S 105 

It likewise appears that the spccilic gravities of these 
bodies are nearly alike, and such as greatly to exceed all 
the known ordinary stones, and approach that of the me¬ 
tallic ores. Thus, the specific gravity of 

the Ivnsisheim stone was .‘12.13 


Benares... 3352 

Sienna. 3418 

Gassendi’s . 3456 

Yorkshire. 3508 

Bachi-lay’s. 3535 


of such parts as that of water is 1000. 

These common and constunl characters indicate, with 
strong evidence, a common origin. Yet, it is to be re¬ 
marked, that iron is hardly ever found in the metallic 
state ill terrestrial bodies: volcanic bodies only contain¬ 
ing it in the slate of oxyd. Nikel is also very rare, being 
never found on the surface of the earth. Whence it ap¬ 
pears natural to conclude, that aerolites have an origin 
foreign to our globe, or at least that they arc not pro¬ 
duced by ph.'cnomenn that have been commonly observed. 
\’arious hypotheses have therefore been devised to ac¬ 
count for the origin of these stones. Some philosophers 
think that they arc nothing else than small planets, that 
circulate in space after the manner of the other celestial 
bodies; and which, when found engaged in the earth’s at¬ 
mosphere, become there inflamed, by the resistance and 
friction liiey experience; that they lose little by little 
their velocity, and at length fall to the earth by their 
gravitation. Mr. King, Sir Wm. Humiltorf, and others, 
consider these stones ns concretions actually formed in 
the atmosphere: while others have imagined such phe¬ 
nomena as resulting from electricity. But, in my Abridg. 
of the Philos. 'I'rans. (vol 6. p. 100), I have shown not 
only that it is possible, but even highly probable, that 
'they may have been projected on the earth by lunar vol¬ 
canoes. On subjecting this idea Co calculation, it has 
been found that a projectile force only the triple of that 
sometimes given to cannon balls, would be suflicient to 
carry a body out of the sphere of the moon’s influence, 
so that the terrestrial gravitation would draw it towards 
our planet. Nor is it .it nil improbable, that lunar vol¬ 
canoes might impies^ such a force on a body, since ter¬ 
restrial volcanoes < an c miiniiiiicate a much greater im¬ 
pulsion. 'Phis opinion acqdires a fresh degree of proba¬ 
bility from the recent observations of M. Schrocter on 
the moon, with respect to the gn-nt height of some of the 
lunar volcanoes, and the frequ. nt variations observed on 
the surface of that globe, 'rhu^, then, the probability of 
this origin of the aerolites up|Mars to be greatly in fa¬ 
vour of this last opinion; though, in the present state 
of our knowledge of these substances and of meteorology, 
it is not possible as yet to decide. For accounts of the 
phxitomena of many aerolites, the inquisitive reader may 


J 

consult Mr. Howard’s v.-vUmbh paper in llie Fiiilos. Trans, 
for the year 1802, as well as my disseilation above re¬ 
ferred to. - ft- I 

aerology, the doctrine or science of the air, and 

its pba:nomena, its pr«.i)erties, good and bail qunlities, 

&c. It is ii.ucl. the same with tlie foregoing word, 

Aerography. . . r 

AKRit.MKTRY, .Urometrin, the science of measuring 

the air, its powers und properties; comprehending not 
only the quantity of llie air iiscll, as a fluid bod>, but 
also it« pressure or weight, its elasticity, rarelaciion, con¬ 
densation, &c. 

'Fhc term is not much us« d at present; this brancli ol 
natural philosophy being usually called pneumatics, w hich 
see. Wolfiiis, late prof.ssor of mathematics at Hall, 
having reduced several propertus of the air to geometri¬ 
cal ileiimnstralions. fir'-t published at Leipsic his Elements 
of Aeromelry, in the Germiiii language, and afterwards 
mor<- enlarged in l.jitin, which have since been inserted 
in his Cursur. Mailiemaiicuv, in five volumes in 4to. 

AERONAUTIC A, the pretended art of sailing through 
the air, or atmosphere, in a vessel, sustained as a ship in 
the sea. 

Al .ROSTATICA, is properly the doctrine of the weight, 
pressure, and balance of the air and atmosphere. 

AKROSTATION, in its proper and primary sense, de¬ 
notes the science «»f weights suspended in the air; but in 
the modern application of the term, it signifies tlic art 
of navigating or floaUng in the air, both as to the prac¬ 
tice and principles of it. Hence also the machines which 
arc employed for this purpose, arc called aerostats, or ae¬ 
rostatic maclqncs; and which, on account of their form, 
are otherwise called air-balloons. Also aeronaut is the 
name given to the person who navigates or floats in the 
air by means of such machines. 

Principles of Aerostation. The fundamental prin¬ 
ciples of this art have been long and generally known, as 
well ns speculations on the theory of it; but the success¬ 
ful application of them, to practice seems to be altoge¬ 
ther a modern discovery. These principles chiefly respect 
the weight or pressure, and elasticity of the air, with its 
specific gravity, and that of the other bodies to be raised 
or floated in it: the particular detail of which princrplcs 
may be seen under the respective words in this dictionary. 
Suffice it therefore in this place to obsei ve, that any body 
which is specifically lighter than the atmosphere, will be 
buoyed up by it, and ascend, as wood, or a cork, or a 
blown bladder, ascends in water. And thus the body 
would continue to ascend to the top of the atmosphere, 
if it were every where of the same density as at the sur¬ 
face of the earth. But as the air is compressible and 
elastic, its density decreases continually in ascending, on 
account of the diminished pressure of the superincumbent 
air, at the higher clevntions above the earth; and there¬ 
fore the body will ascend only to that height where tho 
air is of the same specific gravity with itself; there the 
body will float, and move along with the wind or current 
of air which it may meet with at that place. Thi.v body 
then is an aerostatic machine, of whatever form or na¬ 
ture it may bo. And an air-balloon is a body of this 
kind, the whole mass of which, including its covering and 
contents, and the weights annexed to it, is of less weight 
than the same bulk of air in which it rises. 

We know of no solid bodies however that arc light 
enough thus to ascend and float in the atmosphere; and 
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liv'reforo rocoursc must he had to some fluiil or aeriform 
bubstancc. 

Among these* that which is called hydrogen gas, or in¬ 
flammable air* is the most proper of any that has hitherto 
been discovered. It is very clastic, and from 6 to 10 or 
ri tim(*$ lighter than common atmospheric air at the 
surface of the earth, according to the diflerent methods 
of preparing it. If therefore a suflicient quantity of this 
gas be inclosed in a very thin bag or covering, the weight 
of the two together w ill be less tljan the weight of the same 
bulk of common air; and consequently this compound 
mass will rise in the atmosphere, and continue to ascend 
till it attain a height at which the atmosphere is of the 
same specific gravity as itself; where it will remain or 
float with the current of air, as long as the inflammable 
air does not escape through the pores of its covering. 
And this is an inflamroable*air balloon. 

Another way is to make use of common air, rendered 
lighter by warming it, instead of the inflammable air. 
Heat, it is well known, rarefles and expands common air, 
and consequently lessens its specific gravity; and the di¬ 
minution of its Weight is proportional to the heat applied. 
If Vtherefore the air, inclosed in any kind of a bag or co- 
v'ering, be heated, and consequently dilated, to such a de¬ 
gree, that the excess of the weight of an equal bulk of 
common air, above the weight of the heated air, be greater 
than the weight of the covering and its appendages, the 
whole compound mass will ascend in the atmosphere, the 
same as in the former ease; till, by the cooling and con«* 
densation of the included air, the balloon shall gradually 
contract and descend again, unUas (he heat is renewed or 
kept up. And such is ab'eated^nir or fire balloon, other¬ 
wise called a Montgolfier, from its inventor* 

Now it has been discovered, by various experiments, 
that one degree of heat, according to the scale of Fahren¬ 
heit's thermometer, expands the air about one five-hun¬ 
dredth part; and therefore that it will require about 500 
degrees, or nearer 484 degri*cs of heat, to expand •the air 
to Just double its bulk. Which is a degree of beat far 
above what it is practicable to give it on such occasions* 
And therefore, in this respect, common air heated, is 
much inferior to hydrogen gas. 

But, before entering more particularly into (his sub¬ 
ject, it will be proper to give a short historical account 
of its rise and progress, with the various experiments and 
aerial voyages, that have 'been made of later years by di¬ 
vers aeronauts. 

Hiitory of Acbostation* Various schemes for rising 
in the uar, and passing through it, have been devised and 
attempted, both by the ancients and modems, and that 
upon diflorent principles, and with various success.' Of 
these, some attempts have been upon mechanical princi¬ 
ples, or by virtue of the powers of mechanism : and such 
arc conceived to be the instances related of the flying pi- 
g«n made by Archytas, the flying eagle and fly by Ue- 
giomontanus, and various others. Again, some projects 
have been formed, by attaching wings to some port of the 
human body, which were to bo movedeither by the bands 
or feet, by the help of mechanical powers; so that, stri¬ 
king the air with them, after the manner of the wings of a 
bird, the person might rai^e himself in the atmosphere, 
and transport himself through it, in imitation of that ani- 
maK But of these, and various other devices of the like 
nature, a particular account will be given under the arti¬ 
cle (tnifcialfyingf as belonging rather to that species or 


principle of motion, than to our present subject ofn<*ro* 
station^ nhich i^ properly the sailing or floatitig in \\to uir 
by menus of a machine rendered specifically lighter than 
that element, in iinilatioii of acjueous narigation. or tl:i' 
sailing upon the water in a ship, or vessel, which 'Speci¬ 
fically lighter than the water. 

The first rational account upon record, for tins kind of 
sailing, is perhaps that of our cotinirymnn Roger 
who died in the year 1292 . lie not only afhrui« that ilu! 
art is practicable, but assures tis that he iumseifkncw h r\ 
to make an engine, in which a man sitting might be able 
to carry himself through the air like a bird ; and he far¬ 
ther affirms, that there was another ])erson who had tried 
it with success. The secret it seems consisted in having 
Couple of large thin shells, or hollow globes, of coppei, 
exhausted of air ; so that the whole being thus rendered 
lighter than air, they would support a chair, in which u 
person might sit. 

Bishop Wilkins too, who died in lCr2, in several of his 
works, makes mention of similar ideas being entertained 
by divers persons. “ It is a pretty notion to this purpose, 
says he, (in his Discovery of a New World, prop. 14), 
mentioned by Albertus du Saxonia, and out of him by 
Francis Mendoza, that the air is in some part of it navi¬ 
gable. And that upon this statick principle, any brass or 
iron vessel (suppose a kettle), whose substance is much 
heavier than that of the water; yet being filled with the 
lighter air, it will swdm upon it, and not sink.** And again, 
In his Dedalus,chap. 6 , Scaliger conceives the framing of 
such volant automata to be very easy. Wdanlis columlx* 
macliinulam, cujusautorem Archytam tradunt, vel facil- 
limc profitcri audeo. Those ancient motions were thought 
to be contrived by the force of some included air: So 
Geliius, Ita erat scilicet libramentis suspensum, et aura 
spiritus inclusa, atquc occulta consitum, &c« As if there 
bud been some lamp, or other fire within it, which might 
produce such a forcible rarefaction, as should give a mo¬ 
tion to the whole frame." From which it would seem 
that Bishop Wilkins had some confused notion of suck n 
thing as a heated-air balloon. 

Again, F. Francisco Lana, in his Prodroma, printed in 
1670 , proposes the same method with that of Roger Ba¬ 
con, as bis own thought. He considered that a h<dlou 
vessel, exhausted of air, would weigh less than when filled 
with that fluid; he also reasoned that, as the capacity of 
spherical vessels increases much faster than their surfitcr, 
if there were two spherical vessels, of which the diameter 
of one is double the diameter of the other; then the ca¬ 
pacity of the former will be equal to 8 times (he capacity 
of the latter, but the surface of that only equal to 4 time^ 
the surface of this: and if the one sphere have its diame¬ 
ter equal to triple the diameter of the other, then the ca¬ 
pacity of the greater will be equal to 27 times the capa¬ 
city of the less, while its surface is only 9 times greater: 
and so on, the capacities increasing as the cubes of the 
diameters, while the surfaces increase only as the squares 
of the same. And from this mathematical principle, fa¬ 
ther Lana deduces, that it b possible to make a spherical 
vessel of any given matter, and thickness, atid of such u 
size as, when emptied of air, it will be lighter than an 
pqual bulk of that air, and consequently that it will as¬ 
cend in that element, together with some additional 
weight attached to it. After stating these principles, fa¬ 
ther Lana computes that a round vessel of plate bmss, 1 i 
feet in diameter, weighing 3 ounces the square foot, will 
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irAy \\i jgh ih ounces ; whereas u quanlily of air of the 
^mc bulk «ill weigh 2155} ounces, allowing only one 
ounce to llie cubjc fool ; so ilial the globe will not only 
ascend in the air, but will aUo carry ii[^ a weight of 50/J 
ounce's: and by increasing the bulk ol the globe, without 
increasing the thickness of the metal, he adds, a vessel 
aught be made (o carry a much greater weight. 

Such then were tlie ingenious speculations of learned 
men, und ihc gradual appnuiches towards (he perfection 
of tins art. But one thing more was yet wauled : though 
acjjuajnled in some degree with the weight of any quan¬ 
tity of air, considered as a detached substance, it seems 
th<y were not aware of its great elasticity, and the uni¬ 
versal piessure of the atmosphere; by which pressure, a 
globe of the dimensions above-described, and exhausted of 
its air, would immediately be crushed inwards, for want 
of the equivalent mlcrnal counter pressure, to be sought 
/or in some clement, much lighter than common air, and 
yet nearly of equal pressure or elasticity with it; a pro¬ 
perly or circumstance attciulingindummable gas, ond also 
common air when considerably healed. 

It is evident then, that the schemes of ingenious men 
liithcrto must have gone no farther than mere specula- 
liun; otherwise they could never have recorded fancies, 
whieh, on the tiisl attempt to put in practice, mu^t have 
manifested ilnirown insuHiciency, by an immediate failure 
of success. For, iiifleuti of exhausting the vessel, it must 
either he Qlled with common air heated, or with some 
other equally clastic and lighter fluid* So that upon the 
whole it appears^ that the art of traversing the air, is an 
invention of our ow n time ; and the whole history of it is 
comprehended within a very short period. 

Mr. Cavendish was the first who discovered with any 
degree of accuracy the specific gravity of inflammahic 
air; and his experiments and observations upon it, arc 
published in the 56th volume of ihc Philosophical Trans- 
actioas for the year 1766. 

Soon after this discovery of Mr. Cavendish, it occurred 
to the ingenious Dr. Black of Edinburgh, that if a blad¬ 
der, or other vessel, sufficiently light and tliiu, were filled 
with this air, it would form altogether a mass lighter than 
the same bulk of atmospheric air, and consequently that 
it would ascend in it. This idea lie mentioned in his che¬ 
mical lectures in the year 1767 or 176*8; and he further 
proposed to exhibit the cxperimi nt, by filling the allantois 
of a calf with such air- The allantois, however, was not 
prepared just at the lime when he was at that part of his 
lectures, ;uid other avocations After%vards prevented his de¬ 
sign: so that, considering it only as an amusing experi¬ 
ment, und being fully satisfied of the truth of so evident 
an effect, he contented himself with barely mentioning the 
experiment from time to time in bis lectures. 

About the year 1777 or 1778 it also occurred to 
Mr. Crtvallo, that it might be possible to construct a ves¬ 
sel, which, when filled with inflammable air, would as¬ 
cend in the atmosphere: and there is no doubt but that 
similar ideas occurred lo many other persons, of so evi¬ 
dent a const qucnce of Mr. Cavendish's discovery* But it 
seems to have beru Mr. Cavallo who first aclually at* 
templed the experiment, in which however be succeeded 
no further timu in being able to raise soap bubbres of two 
or three inches diameter; a thing which had been done 
by children for their amusement from time immemorial. 
These experiments Mr. Cavallo made in the beginning of 
the year J782, and an account of tbejn was read at n 
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public meeting of the Iloyal Society on the COlh of June 
of that year. From which it appears that he inr.l hlad- 
dors an<l paper of various kinds. But the bladders, 6ow- 
ever thin tliey were made by scraping, &c, were still lountr 
too heavy to’asccnd in the atmosphere, when lully inflated 
with the inflammable air: and in using Cliina paper, he 
found that this air passed through its pores, like water 
through a sieve. So that, hasing failed of success by 
blowing the same air into a thick solution of gum, •hick 
vaniislK^, and oil paint, he was obliged to rest satisfied 
with soap-balls or bubbles, which, being filled with in¬ 
flammable air, by dipping the end of a small glass tube, 
connected with a bladder containing the air, into a thick 
solution of soap, and gently compnssing the bladder, as¬ 
cended rapidly, and broke against the ceiling of the room. 

Here, however, it seems the matter might have rested, 
had it not been for experiments made in France soon 
after, by the two brothers Stephen and Joseph Montgol¬ 
fier, on jiriiiciples suggested, not by the levity of inflam¬ 
mable air, which probably they had never lieard of, but 
by that of smoke and clouds ascending in the atmosphere. 
These two brothers it seems were natives of Annoiiay, a 
town in the Vivarois, about 36 miles from Lyons ; and 
that in their youth, Stephen, the elder, had assiduously 
studied the malliemalics, but the other had applied him¬ 
self more particularly to natiiml philosophy and che¬ 
mistry. They were not intended for any particular way 
of business, but the death of a brother obliged them to 
put themselves at the head of a considerable paper manu¬ 
factory at Annonay. In the intervals of lime allowi d by 
their business they amused themselves in several philoso¬ 
phical pursuits, and particularly with the experiments in 
aerostation, of which wc arc now to give some account. 
It would be perhaps impossible to know all the particular 
steps and ideas which finally produced this discovery; but 
it has been said that the real principle, on which the ef¬ 
fect of the aerostatic machine depends, was unknown even 
for a considerable lime after its iHscovcry: that Montgol¬ 
fier attributed the offcct of the machine, not to the rare¬ 
faction of the air, which is the true cause, but to n^rer- 
lain gas, specifically lighter than common air, which was 
supposed to be developed from burning substances, and 
which was commonly called Montgolfier's gas. Be this 
however as it may, it is well known that the two brothers 
' began lo think of the experiment of the aerostatic ma¬ 
chine about the middle or the latter part of the year 17S2. 
The natural ascension of the smoke und the clouds in iho 
atmosphere,suggested the first idea; and to imitate those 
bodies, or to inclose a cloud in a bag, and let the lattcr 
be lifted up by the buoyancy of the former, was the first 
project of those gentlemen. 

Accordingly, the first •xperiment was made at Avignon 
by Stephen, about the middle of November 1782. Having 
prepared a bag of fine silk, in the shape of a parallelopi- 
pedon, and of about 40 cubic feet in capacity, he applied 
burning paper to an aperture in the bottom, whicli rare¬ 
fied tlic air, and thus formed a kind of cloud in the bag; 
and when it became sufiicienlly exponded, it ascended ra¬ 
pidly to the ceiling. 

Soon afterwards the experiment was repeated with the 
same machine at Annonay, by the two brothers, in the 
open air; when the bag ascended to the height of about 
70 feet. Encouraged by this .success, they constructed 
another machine, of about 6^0 cubic feet capacity; 
which, when iudated as before, broke the cords, wbiclv 
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coiitincd it, and after ascending mpidly to tlic height of 
about 600 feet, descended and fell on the adjoining 
ground. With another larger machine, of 37 feet diame¬ 
ter, they repeated the experiment on the 25th of April, 
which answered exceedingly well: the machine had such 
force of ascension, that, breaking abruptly from its con¬ 
finement of ropes, it rose to llie bright of more thait 1000 
£ect, and then, being carried by the wind, descended and 
fell at a place about three quarters of a mile from the 
place of its ascension. The capacity of this machine was 
equal to above 23 thousand cubic feet, and, being nearly 
globular, when indated, it measured 117 Knglisb feet in 
circumference. The covering was formed of linen, lined 
with paper ; and its aperture at the bottom^ was fixed to 
a wooden frame, of about 4 feet square, or 16 feet in sur¬ 
face. When filled with vapour, which it was conjectured 
might be about half as heavy os common air, it was ca¬ 
pable of lifting up about 490 pounds, besides its own 
weight, which, together wilh that of the wooden frame, 
was equal to about 500 pounds. Wilh this machine the 
next experiment was publicly performed at Annonay, on 
thc'5tb of June 1783, before a great multitude of spec¬ 
tators. The flaccid bag whs suspended on a pole 35 feet 
high; straw and chopped wool were burned under the 
opening at the bottom ; the vapour, or rather sm(»l<c, soon 
inflated the bag, so as to distend it in hU its parts; and 
this enormous mass ascended in the air with such velocity, 
that in less than ti*n minutes it reached the height of above 
6 thousand feet; when a breeze carried it in an horizon¬ 
tal direction to the distance of near a mile an<l a half, 
M*bcre it descended gently to the ground. 

As stK)n as the news of this experiment reached Paris, 
the philosophers of that city, conceiving that a new spe¬ 
cies of gas, of about half the weight of common air, had 
been discovered by Messrs. Montgolfier; and knowing 
that the weight of inflammable air*was but about the 8 
or 10th part of the weight of common air, they justly 
concluded that inflammable air would answer the purpose 
of this experiment better than the gas of Montgolfier, and 
accordingly they resolved to make trial of it. 

A subscription was opened by M. Faujas de St. Fond» 
towards defraying the expense of the experiment. A suf¬ 
ficient sum of money having soon been raised, Messrs. 
Roberts were appointed to construct the machine, and 
M. Charles, professor of experimental philosophy, to su¬ 
perintend the work. After a considerable time spent, 
and surmounting many difficulties in obtaining a sufficient 
quantity of this gas, and searching out a substance light 
enough for the covering, they at Hongth constructed a 
globe of the silk called lutestring, which whs rendered im¬ 
pervious to the inclosed air by a varnish of elastic gum or 
caeutchouc, dissolved in some kind of spirit or essential 
oil. The diameter of this globe was about 13 feet; and 
it had only one aperture, like a bladder, to which a stop¬ 
cock was adapted : the weight of this covering, when 
empty, together with that of the stop^cock, was 25 pounds. 

On the 23d of August 1783, they began to fill the 
globe; but this, being their first attempt, was attended 
with many obstructions and disappointments, which took 
up two or thm* days to overcome- At length, however, 
it was prepared for exhibition, and on the 27th it was 
carried to the Champs de Mars, a spacious open ground 
in the front of the Military School, where, after intro- * 
duciog some more inflammable air, and disengaging it 
from the cords by which it was held , down, it rose, to 
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loss than two minutts, to the hiiglu or 3123 feet: tijc 
weight of the balloon, wlnm il went up, being 35 pounds 
less than that of tin iqua! bulk of common air. Alter 
floating in ibe air for about three quarters of an hour, it 
fell in a field at 15 miles from the place of its ascent ; 
where, as wc may cusilv imagine, it occasioned great 
amazement 10 the peasants who found it. Its fall was 
owing to a rent in the covering, probably occasioned by 
the superior elasticity of the inflaininable air, over that 
of tbe rare pari of ibe atmospbcrc to whicli it had as¬ 
cended. 

In consequence of this brilliant experiment, number¬ 
less small balloons were made, mostly of gold-bloater's 
skin, from 6 and 9 to 18 or 20 inches diumeter; their 
cheapness putting it in the power of almost cveiy family 
to satisfy its curiosity relative to the new exjierimc ni; 
and in a few days balloons were seen flying all about Ha¬ 
ris. whence they wi re soon alter sent abroad. 

M. JoMph Montgolfier repeated an experiment wilh 
a machine of his crmstruction before the commissurirs uf 
the Academy of Sciences, on the lllh and 12th of Sep¬ 
tember. '1 he machine was about 74 feet high, und 43 
feet in diameter; it was made of canvass, ciweied with 
paper both within and without, and weighed J (K)0 )>ounds. 
It was filled with rarefied air in 9 minutes, and in one 
trial the weight of 8 men was not sufficient to kirp it 
down, ll WAS not stifle red to go up, as it had b(^n in¬ 
tended for exhibition before the Royal Family, a few days 
after. By the violence of the min, however, which fell 
about this time, it was so much spoiled, that he thought 
proper to construct another for that purpose, in which he 
used so great dispatch, that it was completed in the short 
space of four days. This machine was constructed of 
clptb made of* linen and cotton thread, and painted with 
water colours both within and without. Its height was 
60 feet, and diameter 43 feet. Having made the neces¬ 
sary preparatidu for inflating it, the operation was begun 
about one o'clock on the I9tb of (he same month, be¬ 
fore the king and queen, the court, and the inhabitants of 
the place, as well as all the Parisians who could procure 
a conveyance to Versailles. 'Fhe balloon was soon filled, 
and in 11 minutes after the commencement of the ope¬ 
ration, the ropes being cut, it ascended, bearing up with 
it a wicker cage, containing a cock, a duck, and a sheep, 
(he first animals that ever ascended into the ntmospiiere 
with an aerostatic machine.* Its power of ascension, or 
the weight by which it was lighter ttmn an equal hulk of 
common air, allowing for tlie animals und their cage, was 
696 pounds. The balloon rose to the heigiit of 1440 feet; 
and being driven by the wind for about 8 minutes, it gra¬ 
dually descended, in consequence of two large rents made 
in the covering by the wind, and lell in a wood at (lie dis¬ 
tance of about two miles from Versailles. The animals 
landed again as safe as when (hey went u]), and the sheep 
was found feeding. 

The success of this experiment induced M. Pilatre de 
Rozier, with a philosophical iiitrepidity which will bo re¬ 
corded with applause in the history of aerostation, toofl'er 
himself as the first adventurer in this aerial navigation. 
For this purpose, M. Montgolfier constructed a new ma¬ 
chine, of an oval shape, in a garden of the fauxbourg St. 
Antoine; its diameter being about 48 feet, und ^height 74 * 
feet. To the aperture in the lower part was annexed a> 
wicker gallery about three feet broad, with a ballustrade * 
of three feet high. From tlic middle of \l\fi aperture uu* 
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n...i 'ijtf, rjr brj.’ior, was su'^poiided by cljaiDS, «lcscentl- 
iiii; troin titp sulcs of the tnacliine, ii) wliicli a tire was 
lijiuc«t for iii(iiiiing the inachioc; uiid towards the aper- 
tiiiv pori-liolcs were opened in tlie gallery, through which 
any person, wh" might venture to ascciid, might feed the 
(ire on the erHli' willi fuel, and regulate at pleasure the di¬ 
latation ol the air iticlosetl in the machine : tlie weight of 
the whoh' tx-ing upwards ol KiOO pounds. C)nthc 15lhof 
October \7H:}, ih* (ire being lighted, and the balloon in- 
flateil, M. P. lie Ilo/ier placed iiimself in the gallery, and, 
to th' astonishment of a imiliitu'le of spectator*, ascended 
as high as tliC Icrigfh ol the restraining corrls would permit, 
which was about 84 feet (loni the ground, and there kept 
the inucliine afloat near minutes, by ro(>eatedly throw¬ 
ing straw iind wool up<»n the lire : the machine then rlc- 
scended graduallv ami gently, through a medium of in¬ 
creasing density, to the ground ; and the intrepid adven¬ 
turer assured the admiring speclHlors that he had not ex¬ 
perienced the least inconvenience in this aerial excursion. 
This experiment was rcpcaud on the 1/ih with nearly the 
same success; and again several times on the 19lh, when 
M. Ro/icr, liy a partial ascent and descent, several times 
repealed, esinced to the multitude of obseriers, that the 
machine may be made* to ascciul and descend at the plea¬ 
sure of the arronaiil, by merr ly increasing or iliminishing 
the lire in the gnilc. 'I’he halloon having bi-en hauled 
down, by the ropes whicli always contined it, M, Gironde 
de Villettc placed himself in the gallery opposite to M. 
Ilozicr, and tlie machine being suft'ered to ascend, it ho¬ 
vered for about 9 minutes over Paris, in the sight of all 
its inhabitants, at the height of330 feet. And on their de¬ 
scending, the marquis of Arlandcs ascended with M. Ro- 
zier much in the same manner. 


In consequence of the report of these experiments, 
signed by the commissaries of the Academy of Sciences, 
it was ordered that the annual prize of 600 livres should 
be given to Messrs Montgulhcr for the year 1783. 

In the experiments abovc-rccitcd, the machine was al¬ 
ways secured by long ropes, to prevent its entire escape : 
hut they were soon succeeded by uncoiifuied aerial navi¬ 
gation. ('or this purpose, the same balloon, of 74 feet in 
height, was conveyed to La Muette, a royal palace in the 
Duis dc Boulogne ; and all things being ready, on the 21st 
of November 1/83, M. Ilozier and the marquis d'Ar- 
lundrs took their post in upposilc sides of the gallery, and 
at 2 o'clock the machine was abandoned to the element, 
when it ascended calmly and majestically in the atmo¬ 
sphere. On reaching the height of about 280 feet the in¬ 
trepid aeronauts waved their hats to the astonished multi¬ 
tude; but they soon after rose too high to be distinguish¬ 
ed, their greatest height being estimated at 3000 fccU 
At first they were driven, by a north-west wind, horizon¬ 
tally over the river Seine and part of Paris, taking care to 
clear the steeples and high buildings by increasing the 
fire; and in rising they met with a current of air which 
carried them southward. Having thus passed the Boule¬ 
vard, and finally desisting from supplying the fire with 
fuel, thi-y descended very gently in a field beyond the 
new Boulevard, a little more than 6 miles from the palace 
dcLa Muette, having bcenbetwcen20and25minutesin the 
air. The weight of the whole apparatus, including that of 
the two travellers, was between l600 and 1700 pounds. 

Notwithstanding the rapid progress of aerostation in 
France, it is remarkable that wc have no authentic ac¬ 
count of any.^xpcrimcnts of this kind being attempted in 
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otlicr cotintries. Even in our own island, vhcie all ail- 
and sciences find an indulgent nursery, and many then 
birth, no aerostatic machine was seen betorclhc month ot 
November 1783. Various speculations have been ma<lc 
on the reasons of this strange neglect of so novel and bril¬ 
liant .an experiment. But none sc-emed to carry any 
show of probaljility except that,it was said to be discou¬ 
raged by the leader of a philosophical society, expressly 
instituted for the improvement of natural knowledge, for 
the reason, as it was said, that it was the discovery of a 
nei-’libouring nation. Be this however as it may, it is a 
fact that the first aerostatic experiment was exhibited in 
F.nglatuI by a foreigner unconnected and unsupported, 
'i'his was a count Zambeccari, an ingenious Italian, who 
happened to be in London about that time. He made a 
balloon of oile«i-silk, 10 feet in diameter, weighing only 
11 pounds : it was gilt, both for ornament, and to render 
it more impermeable to the inflammable air with which it 
was to be filled. The balloon, after having been publicly 
shown for several days in London, was carried to the Ar¬ 
tillery Ground, and there being about three-quarters filled 
with inflammable air, and having a direction inclosed in a 
tin box for any person by whom it should afterwards be 
found, it WHS launched about one o'clock on the 25th of 
November 1783. At half past 3 it was taken up near 
I’etworth in Sussex, 48 miles distant from London; so 
that it travelled at the rate of near 20 miles an hour. Ilv 
descent was occasioned by a rent in the silk, the cfTcct ol 
the rurefnetion of the inflammable air, when the balloon 
ascended to a rarer part of the atmosphere. 

'The French philosophers having executed the first 
aerial voyage with a balloon inflated by healed air, re¬ 
solved to attempt a similar voyage with a balloon filled 
with inflammable air, which seemed to be preferable to 
dilated air in every respect, the expense of preparing it 
only excepted. A subscription was opened however to 
defray that expense, which was estimated at about ten 
thousand livres; and the balloon was constructed by 
Messrs. Roberts, of gores of silk, varnished with n solution 
of elastic gum. Its form was spherical, and it measured 
274 feet in diameter. The upper hemisphere was covered 
by a net, which was fastened to a hoop encircling its mid¬ 
dle, and called its equator. To this equator was suspcml- 
cd by ropes a car or boat, covcred*with painted linen, 
and beautifully ornamented, which swung a few feet 
below the balloon. To prevent the bursting of tl^ ma¬ 
chine by the expansion of the inflammable air in n rarer 
medium, or to cause the balloon to descend, it was fur¬ 
nished with a valve, which might be opened by meons of.-s 
string descending from it, for discharging a part of the in¬ 
ternal air, without admitting the external to enter: And 
the car was ballasted with of sand, for the purpose of 
lightening it occasionally, and causing it to ascend: so 
that by letting some of the air escape through the valve, 
they might descend; end by discharging some of their 
sand ballast, ascend. To this balloon was likewise an¬ 
nexed a long pipe by which it was filled. The apparatus 
for this purpose consisted of several casks placed round a 
large tub of water, each having-a long tin tube, that ter¬ 
minated under a vessel or funnel, which was inverted into 
the water of the tub, and communicated with the long 
pipe annexed to the lower part of the balloon^ Iron 
filings and diluted vitriolic acid being put into the casks, 
the inflammable air which was produced from these ma¬ 
terials, passed through the tin tubes, Uicnce through the 
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V'lUn o( the tubs lo the inverted f'unnch and so through 
the pipe into the balloon. When infiared, the weight of 
the common air which was equal in bulk to (he ballooiK 
Mas 77 ly pounds; also the power of ascension, or weight 
just necessary to keep it from ascending, was 20 pounds, 
and weight of the balloon, with its car, passengers, and all 
Its appendages, was 604^ pounds, making in all 6244 
pounds : and this taken from 7714 pounds, the weight of 
common air displaced, leaves 147 pounds for the m eight 
of the inflammable air contained in the balloon, and 
which is to 7714 pounds, the weight of (he same bulk of 
common air, nearly as 1 to 54 > that is, the inflammable 
air used in this experiment was 54 times lighter than com* 
moD air. 

The first of December was fixed on for the display of 
this grand experiment; and every preparation was 
made for conducting it with advantage. The garden of 
the Tbuillcries at Paris was the scene of operation; 
which was soon crowded and eucompassod with a prodi* 
gtous multitude of observers. Signals were given, from 
time to time, by the firing of cannon, waving oi flags, &c: 
and a small montgolfier was launched, for showing the 
direction of the wind, and fur the amusement of the people 
previous to the general display. At a quarter before I 
o'clock, M. Charles and one of the Roberts, having seated 
themselves in the boat attached to the balloon, and being 
furnished with proper instrumeiUs, cioathing, and p/ovi* 
sions, left the ground, and ascended with a moderate velo¬ 
city to the height of about 600 yards; the surrounding 
multitude standing silent with lear and amazement; while 
the aerial navigators at (his height made signals of their 
safely. Wlicn they lelt the ground, the iherniomelcr, ac¬ 
cording to Fahrenheit's scale stood at ; and the baro¬ 
meter, at 30*18 inches: at the utmost height to which 
they ascended, the barometer fell to 27 inches; from 
which (liey deduced their height as above to be 600 
yards, or one third part of a mile* During the rest of 
the voyage the quicksilver in the barometer was generally 
between 27 and 27'65 inches, rising and falling, as part 
of the ballast was thrown out, or some of the inflammable 
air escaped from the balloon. The thermometer generally 
stood between 53 and 57 degrees. Soon after their as¬ 
cent, they remained stationary for some time: they then 
moved buri^ntally in a direction n.n.w.: and having 
crossed the Seine, and passt'd over several towns and vil¬ 
lages, to the great amazement of tlie inhabitants, they de¬ 
scended in a field, about 27 miles from Paris, at three- 
quarters past 3 o'clock ; so that they had travelled at the 
rate of near l5 miles an hour, without feeling the Icastin- 
convenience* 

The balloon still containing a considerable quantity of 
inflammable air, M. Cbarh^s re-ascended alone, and it 
was computed be went lo the height of 3100 yards, or 
near 2 miles, the barometer being then at 20 Kriglisb 
inches: having amused himself in thb air about 33 mi¬ 
nutes, be pull^ the siring of (be valve, and descended at 
3 miles distance from the place of his ascent. All the in¬ 
convenience be experienced in his great elevation, was a 
dry sharp cold, with a pain in one of his ears and a part 
of bis face, which he ascribed to the dilatation of the in- 
teroal air: a circumstance that usually happens to per¬ 
sons who suddenly change the density of their atmosphere, 
cither by ascending into a rarer, ordiiicendinginto a den¬ 
ser one. The small balloon, launched at the beginning by 
M» Montgolfier, was found to have moved in a direction 


opposite to that of the aeronauts; from wk^cli it k •uu i- 
red that tluTe were luo ctirrents of ajr at diftcRiit hej^lu^ 
above the earth. 

In the month of Dccujnbcr tliis year, several expeii- 
merits were made at Phihuleliihui in America with an* 
balloons, by Messrs. ilit(rnh<^use and Hopkins. 'lUty 
constructed and filled a great mans small balloons, and 
connected them together; by wlucli a man went up se* 
vera) times, and was rlrawn down again; and finally, the 
ropes being cut, he ascended to tin* lu ight of 100 feet, and 
floated to a considerable distance; but, b(*in^ afruid, he 
cut open the balloons with a knife, and so descended. 

About the clo>eof this year small balloons were sent 
up in many placi^s, and were become scry common in 
some parts of France and England. In the beginning ol 
the year following, their number and magnitude increased 
considerably. Some of the more remarkable ones were 
as follow :—On the 19th of January M. Joseph Montgol¬ 
fier, accompanied by six other persons, ascended from 
Lyons with a rarcfied*air balloon, to the height of lOOO 
yards. Tliis was the largest machine that had been hi¬ 
therto made, being 131 fi^ct higb, and 104 foot in diame¬ 
ter: it was formed of a double covering of linen, with 
three layers of paper between them ; and it weighed, when 
it went up, J600 pounds, including the gullcrv, passen¬ 
gers, See. It was at first intended for six passengers; but 
before it went up, it was not judged safe to freigiu it with 
mure than three; however, no authority nor solicitations 
could prevail upon any of the six to quit their place, nor 
even to cast lots which three should resign their preten¬ 
sions: so that the spectators saw them all ascend with 
terror and anxiety; and to ruld to their distiess, when 
the ropes were cut, and the machine had ascended a fo<it 
or two from the ground, a seventh person suddenly 
leaped into the gallery, and the fire being inciToscd, (In? 
whole ascended together. To ndd to the terror of the 
scene, after being in the air about 15 minutes, a large 
rent of about 50 feet in length was made by the balloon 
taking fire, in consequence of which it descended vdry ra¬ 
pidly to the ground, though fortunately without injury (o 
any of the aeronauts. 

On the 22d of February an intlammahlr-air balloon 
was launched from Sandwich in Kent. It was but a 
small one, being only 5 feet in diameter; but it was ren¬ 
dered remarkable by being the first machine that crossed 
the sea from England to France. It was found in a field 
at Warnclon, about 9 tnili's from Lisle in French Flan¬ 
ders, two hours and a half after it left Sandwich, the dis¬ 
tance being about 74 miles; so that it floated ut the rate 
of about 30 miles an hour. 

The chevalier Paul Andreani, of Milan, was tlie first 
aerial traveller in Italy,. The chcvalior himself was ut 
the sole expense of this machine, but was d5sistc<i in (he 
construction by two brothers of the name of Gorli. They 
all three ascended together near Milan on the 25lh of 
February, and remained in the atmosphere about 20 mi* 
nutcsi when they descended, all their fuel being exhaust¬ 
ed. This machine was a montgolfier, of a spherical shape, 
and about 68 feet in diameter. From calculations madu 
on the power of this, and other machines of the same 
sort, it appears that the included air is rarefied commonly 
but about one-third, or that. (1(0 included warm air 
weighs about two thirds of the same bulk of the external 
or common air. 

The next aerial voyage was performed on the 2d of 
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M..rcli 1781-, by M. Jean Piorre Blanchard, a man who 
has since that ciuie made more voyages than any other 
person, t M Oarm rm, ami who has allaioed great 

celebrity by being ibc fir^t who has floalotl in the air over 
the cljaiiiu I iVdin Kiigland to France. M. Blanchard it 
seems had for n)any years been in pursuit of mechanical 
inoiuis for lining ihrou^h the nir ; but on hearing of the 
late invented air-balloons, he riropped his former pursuits, 
and turned his attention to them. He accordingly con-' 
bi I acted a balloon of 27 feel diameter, to which a boat 
was Mis(undeil, with two wings, and a ruilder to steer it 
bv, as also a large parachute spread horizontally between 
llio boat and the balloon, <lesigned to check the fall in case 
the balloon should burst, I hc machine being filled with in^ 
tlammublc air, lie liscended, from the Champs de Mars at 
Pans, to ihe height of near 2 miles ; and after floating in 
the uir for an hour and a rpiartcr, he descended at Billan- 
court, near Se\o, having experienced by turns heat, cold, 
hunger, and an excessive ilrowsincss. It appears from 
his own account, and as might have been expected, that 
the wings and rudder of his boat had little or no«power in 
turning the balloon from the direction of the wind, 

111 llic course of ibis year, 1784, aerostatic experi- 
mcDts and aerial voyages became so fro(|Uout, that the li- 
iiiiLs of this article will not allow of any thing farther than 
mentioning those that were altcndcil with any remarkable 
circumstances. On the 25tli of April, Messrs* Uc Mor- 
veau and lJcrli*and ascended from Dijon, with an inflam¬ 
mable-air balloon, to the height of near 2 miles and a 
half, where the ihermometcr marked 25®. They were in 
the air an hour and 25 minutes, in which time they floated 
18 miles* 

On the 20tli of May, four Sadies and a gentleman as¬ 
cended from Paris, in a large moutgolflcr, above the 
highest buildings, and remained suspended there a consi¬ 
derable time, the balloon being confined by ropes from 
flying away* 

On Ihe 23d of May, M. Blanchard, with the same bal¬ 
loon as before, ascended from Rouen, to such height that 
the mercury in the barometer stood at 20 57 inches, 
which on the earth had been at 30* 16* It was observed 
that in this voyage M* Blanchard's wings or oars could 
not turn him aside from the direction of the wind* 

On the 4th of June M. Fleurant and Madame Thible, 
the first lady who made an aerial voyage, ascended at 
Lyons in a machine of 70 feet diameter. They went to 
the height of 8500 feet, and floated about 2 miles in 45 
minutes. 

On the 14th of Juno, M. Coustard do Massi and M. 
Mouchet ascended at Nantes to a great height, with a baV- 
loon of 32! feel diameter, filled with inflammable air ex- 
11 acted from ainc ; and they floated to the distance of 27 
miles in 58 minutes. 

On the 23cl of June, the first aeriaUravellcr iil. Rosier, 
accompanied with M. Prouts, ascended at VersmUcs, in 
the piesencc of the royal family and the Icing of Sweden, 
with a large montgolfier, whose diameter was 79 feet, and 
its height 91 fvet and a half* They floated to the distance 
of 30' miles in three-quarters of an hour, when they de¬ 
scended, which is at the rate of 48 miles an hour« In con* 
s<>quencc of this experiment, the king granted to M. do 
llozicr a pension of 2000 livres. 

On the 15th of July the duke of Chartres, the two bro¬ 
thers Roberts, and a fourth person, ascended from the 
park of St* Cloud» with an infiammablc-air machine, of 


an oblonc form, its diamclcr being 84 feet, and H> Icngtl., 
which went in a direction paralM to the horizon, was 55r 
feet • they remained in the atmosphere 45 minutes, in the 
ercalcsl fear and danger. The machine contained an in- 
icrior small balloon, tilled with common air, by means of 
which it was proposed to cause the machine to ascend or 
descend without the loss of any inflammable air or ballast ; 
and the boat was furnished with a helm and oars, which 
were intended to guide it. Three minutes alter ascending, 
the machine was lost in the clouds and involved in a 
dense vapour. A violent agitation of the air. resembling 
a whirlwind, greatly alarmed the aeronauts, turned the 
machine three limes very rapidly, and gave it such shocks 
as prevented them from using any of their in>trunien(> for 
managing the machine. Aftet many struggles, will, great 
difficulty they tore about 7 or 8 feet of the lower part of 
the covering, by which the inflammable air escaped, and 
they descended to the ground with great rapidity, though 
without any hurt. At the place of departure the baro¬ 
meter stood at 30*12 inches, and at ihcir gn-atesl eleva- 
uon it descended to 24*31); so that their ascent was nearly 
a mile. 

On the 18th of July, M. Blanchard, with a Mr. Boley, 
made his third voyage willi the same balloon as he had be¬ 
fore, and rose so high as to sink the barometer fr'-ni 30*1 
to 25*34 inches, answering to a height of about 4600 feel. 

In 2 hours and a quarter they floated 45 miles, which is 
at the rate of 20 miles an hour. In this voyage M. Blan¬ 
chard thought that he was able to turn the machine with 
his wings, and to make it ascend and descend ul pleasure. 
After descending, it is said the balloon remained all the 
night at anchor full of air; and that the next day se¬ 
veral ladies amused themselves by ascending successively 
to the height of 80 feet, the length of the ropes by which 
it was anchored. 

In the course of this summer two penons had nearly 
lost their lives by ascending with machines of healed 
air. The one in Spain, on the 5th of Juno, by the ma¬ 
chine taking fire, was much burnt, and so hurt by the fall 
that his life was long despaired of. The latter having as¬ 
cended a few feet, the machinery entangled under the 
eaves of a house, which broke the ropes, and the man fell 
about twenty feet: the machine presently took fire, and 
was consumed. Other montgolficrs were also burned 
about London, by taking fire, through the defects of their 
construciion. 

The first aerial voyage performed in England was by 
one Vincent Lunardi, a native of Italy, who ascended 
from the Artillery Ground, London, with an influmma- 
blc-air balloon on I5lh of September. Ills machine was 
made of oiled silk, painted in alternate stripes of blue and 
red 5 and its diameter was 33 feet. From a net, which 
covered about two thirds of the balloon, 45 cords de¬ 
scended to a hoop hanging below it, to which the gallery 
was attached. The machine had no valve; and its neck, 
which terminated in the form of a pear, wos the aperture 
through which the inflammable air was introduced, and 
through which it might be let out. The balloon was 
filled with air produced from zinc by means of diluted vi¬ 
triolic acid. And when the aeronaut departed at 2 o'clock 
he took up with him a dog, a cat, and a pigeon. After 
throwing out some sand, to clear the houses, be ascended 
to a considerable height; and the direction of his motion 
at first was north-west by west; but as the balloon rose 
higher, it came into another current-of air, which carried 
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it nearly north* In the course of his voyage the thermo^ 
meter was as low as 29^, and the drops of water which 
had collected round the balloon were frozen. About 
half after 3 he descended very near the groundj and 
landed the cat. which was almost dead with cold : then 
risingi he prosecuted bis voyage, till at 10 minutes pt-ist 
4 o’clock he landed near Ware in Hertfordshire. He 
ascribes his descent to the action of his oars; but as he was 
under (he necessity of throwing out ballast in order to re« 
ascendt his descent was more probably occasioned by the 
loss of inflammable air. 

The longest and most interesting voyage performed 
about (his time, was (hat of Roberts and M. 

Colin Hullin, who ascended at Paris, at noon on the ip^h 
of September, with a balloon, filled with inflammable air, 
which was feot In diameter, and feet long, the 
machine being made to float with its longest part parallel 
to the hori2on> and having a boat of near \7 feet long at* 
(ached to it. The boat was flttecl up with several wings 
or oars, shaped like an umbrella; and they ascended at 
12 o’clock with 450 pounds of sand ballast, and after va> 
rious manoeuvres Anally descended, at 40 minutes past 6 
o’clock, near Arras in Artois, 150 miles from Paris, 
having still 200 pounds of ballast remaining in the boat. 
In one part they found the current of air uniform from 
600 to 4200 feet high, which it seems was their greatest 
height, and the fall of the barometer had been near 5*6 de¬ 
grees. They found that by means of their oars they 
could accelerate tbeir course a little in the direction of 
the wind, when it moved slowly, which thay be true ; but 
there is grt^t reason to doubt of the accuracy of their ex¬ 
periments by which they pretended to cause their path to 
deviate about 22 degrees from the wind, going with aeon- 
siderable velocity. 

The second aerial voyage in England, was performed 
by Mr. Blanchard, and Mr. Sheldon, professor of ana¬ 
tomy to the Royal Academy, being the first Englishman 
who ascended w ith an aerostatic machine. They ascended 
at Chelsea the l6lh of October, at 9 minutes past 12 
oVlock. Mr. Blanchard having landed Mr. Sheldon at 
about 14 miles from Chelsea, re-ascended alone, and 
finally landed near Rumsey in Hampshire, about 75 mites 
from London, having gone nearly at the rate of 20 miles 
an hour. The wings used on this occasion it seems pro¬ 
duced no deviation from (he direction of the wind. Mr. 
Blanchard said that he ascended so high as to feel a great 
difficulty of brcaUiing: and that a pigeon, which flew 
away from the boat, laboured for some time to sustain it¬ 
self with Its wings in the rarefied air, but after wandering 
a good while, returned, and rested on the side of the boat. 

bii the 4(b of October, Mr. Sadler, an ingenious trades¬ 
man at Oxford, ascended at that place with an inflamma¬ 
ble-air balloon, of bii own construction and filling. And 
again on the 12th of (be same month be ascended at Ox¬ 
ford, and floated to the distance of 14 miles in 17 minutes, 
which is at the rate of near 50 miles an hour* 

The 30th of November this year Mr. Blanchard’s fifth 
aerial voyage, still with his old machine, was |>errormed in 
company with Dr. J* Jeffries, a native of America. Tbeir 
voyage was about 21 miles; and it does not appeart hat 
the greatest action of tlieir oars produced any effect in di¬ 
recting the course of the balloon. 

» On the 4tb of January, 1785, a Mr. Harper ascended at 
BirmingbarD with an infiammablc-air balloon, and went to 
the distance of 50 miles in an hour and a quarter: he 
VoL. I. 
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suffered no other inconvenience than a temporarv deafness, 
and what might be expected from the char.ges ol and 
cold. The therniometer descended from 40 to <ligre. v. 

On the 7th of January, Mr. Blanchard, accumpaM* d 
by Dr. Jeffries, performed his sixth aerial voyage, by ac¬ 
tually crossing the British cliannel from Domt iu Calais, 
with the same balloon whicli had five times before cairicd 
him successfully through the .lir. Thvy ascended uif!i 
only 30 pounds of sand ballast, bc*si<lcs tlieir provisions, 
some books, instruments, and other necessaries. The ma¬ 
chine parted with the gas very rapidly, an<l their hallast 
was soon all exhausted; after winch, from time to time 
they threw out every thing else in the boat, to prevent 
themselves from dropping into the sea. In tliis way they 
disposed of all their provisions, (heir books and inscru- 
mcius, and finally with part of their clothes. This how¬ 
ever bringing them near the French coast, they gradually 
ascended, cleared the cliffs and houses, and landed in (lie 
forest of Guiennes. In consequence of this voyage, the 
king of France presented M. Blanchard with a gift o( 
12000 li\res, and granted him a pension of 1200 livres a 
year. 

On the 19(h of January, Mr. Crosbic ascended at Dub¬ 
lin in Ireland with an inflammable-air balloon to a great 
height. He rose so rapidly, that he >vas out of sight in .3 
minutes and a half. By suddenly opening the valve, he 
descended just at the edge of the sea, as he was driving to¬ 
wards the channel, being unprovided for properly passing 
over to England. 

On the 23d of Alurch, Count Zamboccari and Admiral 
Sir Edward Vernon ascended at London, and sailed to 
Horsham in Sussex, at the distance of 35 miles in less 
(ban an hour. The voyage proved very dangerous, owing 
to some of the machinery about the valve being damaged, 
which obliged them to cut open some part of the balloon 
when they were about 2 miles perpendicular height above 
the earth, the barometer having fallen from 30*4 to 20*8 
inches. In descending, they passed through a dense 
cloud, which felt very cold, and covered them with snow. 
The observations they made were, that the balloon kept 
perpetually turning round its vertical axis, sometimes so 
rapidly as to make each revolution in 4 or 5 seconds; 
that a peculiar noise, like rustling, was heard among the 
clouds, and that the balloou was greatly agitated in the 
descent. 

Oa May the 5tb, Mr. Sadler, and William Windham, 
esq. member of parliament for Norwich, ascended tt 
Muulscy-hurst* The machine took a south-east course', 
and the current of air was so strong, that tliey wea* in 
groat danger of being driven to sea* They had the good 
fortune however to descend near the conflux of the 
Thames and Medway, not a mile from the water's edge. 
By an accident (hey lost their balloon: for while the 
aeronauts were busied in securing their instruments, the 
country people, whom they had employed in holding 
down (he machine, suddenly let go (he cords, when the 
balloon instantly ascended, and was driven many miles out 
to sea, where it fell, aqd was taken up by a trading vessel. 
It was aftenvards restored again, and another voyage 
made with it from Manchester to Pontefract, in which 
Mr. Sadler was still more unfortunate; for no peraoa 
being near when he descended, and not being able to con¬ 
fine the balloon by his own strength, he was dragged by 
it over trees and l^gcs; and at last was forced to quit it 
at the utmost peril of bit life; after which it rose agaioi 
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nn<l was out of sight in a few minutes. It was afterwards 
found near Gainsborough. 

On the 12th of May, Mr. Crosbie ascended, at Dublin, 
as high ns the tops of the houses; but soon descended 
a^in^wiih a velocity that alarmed all the spectators for 
Ills safety. On his stepping out of the car, in an instant 
Mr. M'Guire, a college youth, sprang into it, on which 
the balloon ascended with him to the astonishment of the 
beliolders, and presently he was carried with great velo¬ 
city towards the channel in the direction of Holyhead. 
Tliis being observed, a crowd of horsemen pursued full 
speed the course he seemed to take, and could plainly 
perceive the balloon descending into the sea. Lord H. 
Fitzgerald, who wos among the foremost, instantly dis¬ 
patched a swift-sailing vessel mounted with oars, and all 
the boats that could be got, to the relief of the gallant 
youth ; whom they found almost spent with swimming, 
just time enough to save his life. 

The fate of M. Pilatre de Rozier, the first aerial travel¬ 
ler, and his companion M. Romain, has been much la¬ 
mented. They ascended at Boulogne the 15th of June, 
with intent to cross the channel to England : for the first 
20 minutes they seemed to take the proper direction; 
when presently the whole apparatus was seen in flames, 
and the unfortunate adventurers fell to the ground from the 
height of more than a thousand yards, and were killed on 
tlie spot,their bones being broken, and their bodies crushed 
in a shocking manner. The machine in which th«-y as¬ 
cended, consisted of a spherical balloon, 37 feet in diameter, 
filled with inflammable air; and under this was suspended 
a small montgolfier, or fire balloon, of 10 feet diumcier; 
the gallery which suspended the aeronauts, was attached 
to the net of the upper balloon by cords, which were fast¬ 
ened to a hoop rather larger than the montgolfier, and de¬ 
scended perpendicularly to the gallery. The moiiigolficr 
was intended to promote and prolong the ascension, by 
rarefying the atmospheric air. 

On the 19th of July, at 20 minutes past 2 o’clock, Mr. 
Crosbie a third lime ascended at Dublin, with intent to 
cross the channel to Holyhead in England. Tnc usual 
form of the boat had been changed, for a capacious 
wicker basket, of a circular form; and round its upper 
edges were fastened a great many bladders, which were in¬ 
tended to render his gallery buoyant, in case of a disaster 
at sea. About 300 pounds of ballast were put into the 
basket, but he discharged half a hundred on his fint rise. 
At first a current of air carried him duo west; but it 
soon changed bis course to north-cast, pointing towards 
Whitehaven. At upwards of 40 miles from the Irish 
shore, be found himself within sight of both lands, and be 
said it was impossible to give an adequate idea of the beau¬ 
ties which the scenery of the sea, bounded by both lands, 
presented. He rose at one time so high, that by the in.- 
tense cold his ink was frozen, and the mercury sunk quite 
into the hall of the tberraomelcr. He was sick, uiid felt a 
strong prepulsion on the tympanum of the cars. At his 
utmost height he thought himself stationary; but on libe¬ 
rating some gas, he descended to a current of air blowing 
north, and extremely rough. He now entered a thick 
cloud, and encountered strong blasts of wind, with (bunder 
and liglitning, which brought him rapidly towards the sur¬ 
face of the water. Here the balloon made a circuit, but 
falling luwer, the water entered, his car. and- he lost his 
notes of observation. All his endeavours to throw out 
ballast were of no avail; the force of tho wiml plunged 


hioi into the ocean ; and with much difficulty ho put <ni 
his cork jacket. The propriety of his idea was now very 
manifest in the construction of his boat; as by the adrou- 
sion of the water into the lower part of it, and the suspen¬ 
sion of his bladders, which were arranged at the top, the 
water, added to his own weight, became proper ballast; 
and the balloon maintaining its poise, it became a power¬ 
ful sail, by means of which, and a snatch-block to his 
car, he went before the wind as regularly as a sailing ves¬ 
sel. In this situation he found himself inclined to cat, 
and he took a little fowl. At the distance of a league he 
discovered some vessels crowding after him; but as his 
progress outstripped all their endeavours, he lengthened 
the space of the balloon from the car, which gave a check 
to the rapidity of bis sailing, and he was at length over¬ 
taken and saved by the Dunleary barge, which took him 
on board, and steered to Dunleary, towing the balloon 
after them. 

A similar accident happened to Major (now General) 
Money, who ascended at Norwich, on the 22<l of July, at 
20 minutes past 4 in the afternoon; when meeting with an 
improper current, and not being able to let himself down, 
on account of the smallness of the valve, he was driven 
out to sc-a, where, after blowing about for n<‘ar two hours, 
he dropped into the water. Mere the struggles s»crc as¬ 
tonishing which he made to keep the balloon up, which 
was lorn, and hung only like an umbrella over his head. 
A ship was once within a mile, but, whi ther from want of 
humanity, or by mistaking the balloon for a sea monster, 
they sheered off, and left him to his fate: hut a boat 
chased him for two hours, till just dark, and then bore 
away. He now gave up all hopes, and began to wish 
that Providence bad given him the fate of Rozier, rather 
than such a lingering death. Exerting himself however 
to preserve life as long ns possible, by keeping the balloon 
floating over his head, to keep himself out of the water, 
into which nevertheless he sunk gradually inch by inch, 
as iulosi its power, till he was at length breast deep in 
water, when be was taken up by a revenue cutter, at half 
past eleven at night, but so weak that he was obliged to 
be lifted out of the car into (he ship. 

About the latter end of August, the longest aerial 
voyage hitherto made, was performed by Mr. Blanchard, 
who ascended at Lisle, accompanied by the Chevalier de 
L’Epinard, and travelled 300 miles in their balloon before 
it descended. On this occasion, as on some former ones, 
Mr. Blanchard made trial of a parachute, like a large um¬ 
brella, invented to break the fall in case of an accident 
happening the balloon: with ibis machine be dropped a 
dog from the car soon after bis ascension, which descended 
gently and unhurt. 

On the Sth of September, Thomas Baldwin, esq. ascend¬ 
ed from the city of Chester, and descended at Rixton- 
Moss, at 25 miles’ distance, after a voyage of 2 hours and a 
quarter. The greatest perpendicular altitude ascended 
was about a mile and a half, and the aeronaut computed 
that in some ports of the voyage he moved at the rate of 
30 miles an hour. Mr* Baldwin published avery circum- 
stantial account of his voyage, with many ingenious philo¬ 
sophical remarks relating to aerostation, of which subject 
his book may bo considered os one of the best treatises yet 
given to the public. 

October the 5tb, Air. Lunardi made the first aerial 
voyage in Scotland. -He ascended at Edinburgh, and, after 
variouB tumiogs, landed near Cupar in Fife, having dc-> 
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scribed a track of 40 miles over the sea, and 10 over the 
land, ill an hour and a half. The mercury in the baro¬ 
meter sunk as low as 1 S*3 inches At his greatest elevation. 

Norember the 19th, the celebrated Blanchard ascended 
at Ghent to a great height, and after many dangers de¬ 
scended at Delft without his car, which he cut away to 
lighten the machine when he was descending too rapidly, 
and slung himself by the cords to the balloon, which 
served him then in the nature of a parachute. On his 
first ascent, when he was almost out of sight, he let down 
a dog, by means of a parachute, which came easily to the 
ground. 

November tlie 25th, Mr. Lunardi ascended at Glasgow, 
and in two hours it is said he described a track of 125 
miles. It is.further remarkable that, being overcome 
with drowsiness, he slept for about 20 minutes in the bot¬ 
tom of the car, during this voyage. 

In order to obviate the danger of a fall, arising from 
any accident happening to the balloon, some experiments 
were made with a parachute first by Mr. Blanchard, who 
performed several other excursions in different parts of 
Europe, and made some improvements in the parachute, 
wings, 4(c. An account of the two following voyages 
performed by him will be best related in Mr. Blanchard's 
own words, taken from bis letter, dated Leipsick, Octo¬ 
ber the <)tb, 1787, to the editors of the Paris Journal. 
“ I did not mention," says he, “ in your interesting pa¬ 
per, my ascension at Strasburg on the 26th of last Au¬ 
gust: the vteathcr was so horrible, that I mounted only 
for the sake of contenting the astonishing crowd of stran¬ 
gers, assembled there from ail parts of the country. The 
only remarkable thing that occurred at that time, was the 
following circumstance: At the height of about 2000 
yards, or a mile and half a quarter, I let down a dog 
tied to the parachute, which, instead of descending gently, 
was forcibly carried by a whirlwind above the clouds. I 
met him soon after, bending his course directly down¬ 
wards: when he perceived me, he began to bark a little, 
and I was going to take hold of the parachute, when an¬ 
other whirlwind lifted him again to a great height. I lost 
bitn for about 6 minutes, and perceived him afterwards, 
with my telescope, as if sleeping in the cradle or basket 
belonging to the machine. Continually agitated, and im¬ 
petuously tinsed through every point of the compass, by 
the violence of the different currents of air, I determined 
to end my voyage oii the other side of the Rhine, after 
having passed vertically over Zell. I descended at u small 
village, with an intention to be assisted a little, and about 
thirty men soon came within reach of the balloon very 
a-propos, and fixed me to the ground. Tlic wind was so 
violent that anchors or ropes would have been of no ser¬ 
vice. I had however added to the large aerostatic globe 
a smaller one, of 60 pounds ascensional force, which 
Would have contributed to fix me, when once I let it 
loose; but, notwithstanding this precaution, the men's as¬ 
sistance was very necessary to me. The parachute was 
yet wavering in the air, and did not come down till 12 
minutes after." 

** I performed my 27tli ascension at Leipsick the 29th of 
September, in the midst of an incredible number of specta¬ 
tors,forming oncof the most brilliant assemblies lever be¬ 
held. The sky was as clear and serene as possible, and the air 
so calm that many of my friends, and multitudes of others, 
could follow me on horseback, and even on foot. 1 was 
sometimes so near them that they Uiought they could reach 


me, but I could soon find the means ot rising; .and once, 
when they had actually taken hold ol the colds, to bcc me 
fiout with the strings in iheir hands, I suddenly cut tlK-m, 
and mounted again in ihe air. All tlicse amusing evolu¬ 
tions were in sight of the toivn and its environs. At len:;’li 
I yielded to the earnest solicitations of the company, and 
entered the town. 'I'he next da\ 1 emptied the iiitlamma- 
ble air into anotlier globe, wiih which 1 intended to try 
some experiments ; and 1 lei it oH w iih u cradle, in w hicli 
a dog was fi.\e<l. The halloun, hav ing r. ached a considera¬ 
ble height, made an c.xplosion in its under part, as 1 had 
imagined it would, liaving prt'viou.'ly disposed 11 in a propi r 
manner for that purpose ; by which means the little ani¬ 
mal fell gently to the ground.” 

“ The dav before yesterday having repeated this experi¬ 
ment, 1 prepared the globe m such a manner as to r.uiM' 
an explosion in its upper part, and added a parachui< 
wiih two small dogs fixed to it. They went so liigh that, 
notwiibslunding the serenity of the sky, the balloon was 
lost in its immense expanse. Telescopes of the best sort 
became usck*ss, and i began to be apprehemi'c loi tin 
death of the little animals, on account of the seventy 01 
the cold. 'I'hey descended however about two hours after, 
quite safe and well, in the town of Delitzsch, 3 miles trolu 
Leipsick. I went yesterday to claim them, and found 
them again over the town in the air with the parachute. 
Such experiments had been already tried many limes in 
the course of the day, nnd some olliccrs had thrown them 
from the top of a steeple, in the sight of all the inhabitants, 
of Delitzsch, from which tlicy descended safe.” 

We shall conclude this historical sketch with a short 
account of the aerial voyages performed by M. Garntrin, 
in London, in 1S02. His first ascent in London was on 
June 29th, accompanied by Captain Sowden : they rose 
from Ranelagh, and alighted near Colchester, in less thati 
three quarters of an hour, having in that short period tra¬ 
velled full 60 miles. During (his voyage the acronanls 
did not experience any inconvenience from the rapidity of 
their motion, until they began to descend, when they were 
much affected by the boisterousness of the wind: their 
descent was attended with danger, and occupied some 
minutes. 

On the 21st of September, M. Garnerin undertook the 
singular and desperate experiment of ascending with an 
air balloon, and descending in a parucbutc. He ascended 
from St. George's Parailc, North Audlcy-strect, and de¬ 
scended safe into a field near the small-pox hospital at 
Pancras. The balloon was as usual made of oiled silk, 
covered with a net, from which ropes proceeded that ter¬ 
minated in, or wore fixed to, n single rope, a few feet below 
the balloon, and to Ibis rope the parachute was fastened 
in the following manner. 

The parachute was about 30feetin diameter; ami seve¬ 
ral ropes of about 30 feet in length, which proceeded from 
its edge, terminated in u common joining, from which 
shorter ropes proceeded, nnd to the extremities of these a 
circular basket was attached, in which M. Garnerin 
placed himself. Now the single rope that has been said 
above to proceed from the balloon, passed through a hole 
in the centre of the parachute, and through tin tubes, 
which were placed one after another, and was lastly fast¬ 
ened to the basket; so that when the balloon was in the 
air, by cutting, this rope, the parachute with the basket 
would be separated from h, end in falling downwards 
would naturally open by the resistance of Uie air. The 

G 2 



A F. H t 

...c of tl>c liii tubes was to Ut the rope sHp off with the 
''i t-ator ccrtaiiuy, and to prevent it from getting entangled 
Tvith any part of the machinery belonging to the bal- 

loon. ^ 

About 6 o’clock, every thing being ready, M.Garticnn 
|.lace<l himself in the basket, and ascended majestically 
nniidst the acclamations of innumerable spectators. The 
\v vat her was the clearest and pleasantest imaginable, the 
wind blew a gentle breeze from w by s, and in about 
8 minutes the balloon and parachute had ascended to an 
Immense height, when M. Garnerin, in the basket, could 
scarcely be perceived. While every spectator was con¬ 
templating the grand sight before thorn, M. Garnerin cut 
the rope, and in an instant he was separated from the 
balloon, trusting his safety to the' parachute. At first, 
viz, before the parachute opened, he fell with a great ve¬ 
locity ; but as soon as it was expanded, which took place 
almost immediately after, the descent became very gentle 
and gradual. 

In this descent a remarkable circumstance was ob¬ 
served, n.imcly, that the parachute with the appendage 
of cords and basket, soon began to vibrate like the pen¬ 
dulum of a clock, and the vibrations were so great, that 
more than once the basket with M. Garnerin seemed to 
lie horizontally, which to the spectators appeared .ex¬ 
tremely dangerous: however, the extent of the vibrations 
diminished as he approached the ground. On coming to 
tlie earth the aeronaut experienced some pretty severe 
shocks, and when he came out of the basket ho was much 
discomposed; but he soon recovered his spirits, and sus¬ 
tained no material injury from this desperate undertaking. 

For several figures of balloons, see plate I. 

PracliceqfAzKO%TATiov. The first consideration in 
the practice of aerostation, is the form and the size of the 
machine. Various shapes have been tried and proposed, 
but the globular, or the egg-like figures, arc the most pro¬ 
per and convenient, for all purposes ; and (his form also 
will require less cloth or silk than any other shape uf the 
same capacity; so that it will both come cheaper, and 
have a greater power of ascension. The bag or cover of 
an infiammable-air ballooiif is best made of the silk stuff 
called lustring, varnished over. Rut for a montgolficr, or 
heated-air balloon, on account of its great size, linen cloth 
has been used, lined within or without with paper, and 
varnished. Small balloons are made either of varnished 
paper, or simply of pa|>cr unvarnished, or of gold-beater’s 
sk^n, or such-like light substances. 

With respect to thc/orm of a balloon, it will be neces¬ 
sary that the operator remember the common proportions 
between the diameters, circumferences, surfaces, and so¬ 
lidities of spheres; fur instance, that of different spheres, 
the circumferences arc as the diameters; that the surfaces 
arc as the squares of the diameten; and the solidities as 
the cubes of the same: that any diameter is to its circum¬ 
ference os 7 to 23, or as 1 to 3^.; so that if the diameter 
of a balloon be 35 feet, its circumference will be 110 feet. 
And if the <!iamctcr be multiplied by the circumference, 
(he product will be the surface of the sphere; thus 35 
mulUplfcd. by 110 gives 3850, which is the surface of the 
same sphere in square feet: and if this surface be divided 
by the breadth of the stuff, in feet, which (he balloon is 
to be made of, the quotient will be the number of feet in 
length necessary to construct the balloon; so if the stuff 
bo 3 feet wide, then 3650 divided by 3, gives 1283| feet, 
or 428 yards nearly, the requisite .quantity of yard-wide 
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stuff, to form the balloon of 35 feet diameter. Hcnw 
also, by knowing the weight of a given piece of the stuff, 
as of a square foot, or square yartl, it is easy to find (he 
weight of the whole bag, namely by multiplying the sur¬ 
face, in square feet or yards, by the weight of a square 
foot or yard : so if each square yard weigh 1 pound, then 
the whole bag will weigh 428 pounds. Again, the capa¬ 
city, or solid coiitcnls, of the sphere, will be found by 
multiplying i of the surface by the diameter; which gives 
22458 cubic feet for the capacity ot the said balloon, 
that is, it will contain, or displace, 22458 cubic feet of 
air. From the content and surface of the balloon, so 
found, is to be derived iU power of ascension, thus : On 
an avcnige, a cubic foot of common air weighs l-J- ounce, 
and ihereforc to the number 22458, which is (he content 
of our balloon, adding its -f part, we have 26950 ounces, 
or 1684 pounds, for the weight of the common air dis¬ 
placed or occupied by (he balloon. From this weight 
must be deducted the weight of the bag, namely 428 
pounds, and then there remains a power of 1256 pounds. 

If inriainmablc air be used, as it is of different weights, 
from f to .jJp or V* (he weight of common air, according 
to the modes of preparing it: let us suppose for instance, 
that it is ^ of (he weight of common air; then ^ of 1684 
is 261 pounds, which is the weight of the bag full of that 
air; which being taken from 1256, leaves 995 pounds for 
the power of the balloon when so filled with that inflam¬ 
mable air, or ibe weight which it will carry up, consisting 
<if ihc car, the ropes, the passengers, ballast, iStc. But if 
heated air be used; then as it is known from experiment 
that, by heat, the contained air is diminished in density 
about one-third only, therefore from 1684, take -y of it¬ 
self, and there remains H23 for the weight of the con¬ 
tained warm air; and this being sublractcd from 1256, 
leaves only 133 pounds for the power of the balloon in 
this ease; which being too small to carry up the car, 
passengers, &c, it shows that for those purposes a larger 
balloon is necessary, on Montgolfier's principles. But if 
now, from the preceding computation, it be required to 
find how much the size of the balloon must be increased, 
that its power of ascension may be equal to any given 
weight, as suppose 1000 pounds; then because the powers 
are nearly as the cubes of the diameters, therefore (he 
diameters will be nearly as the cube roots of the powers; 
but 133 and 1000 arc nearly as 1 to 8, the cube roots of 
which are as 1 to 2, and consequently 1 : 2 :: 35:70 
feel, which is the diameter of a montgolficr, made of the 
same thickness of stuff as the former, capable of lifting 
1000 pounds. 

On the same principles we can easily find the size of a 
balloon (hat shall just final jn air when made of stuff of 
a given thickness or weight, and filled with .air of a 
given density; the rule for which is this: From (he weight 
of a cubic foot of common air, subtract that of a cubic 
foot of the lighter or contained air; then divide 6 times 
the weight of a square foot of the stuff, by the remainder; 
and the quotient will be the diameter, in feet, of the bal¬ 
loon that will just fioat at the surfacc-of the earth. Sup¬ 
pose, for instance, that the materials arc as before, namely, 
the stuff 1 pound to the square yard, or ^ ounces to too 
square foot, which taken 6 times is y; then the cubic 
foot of common air weighing l-f ounce, and of heated 
air I of the same, whose difference is therefore y di¬ 
vided by gives 26|^ feet, which is the diameter of a 
montgolficr that will just float: but if inflammable air ho 
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row, or numerous, they \m\1 differ the l(>s fic ni cncks 


osed of ^ the weight of common air, the difference be¬ 
tween and of it, is 1; by which dividing y or 10^, 
the quotient is the same 10| feet, which therefore is the 
diameter of an inltanimablc>air balloon that will just doat. 
And if the diameter be more than these dimensions, the 
balloons will ascend into the atmosphere. 

An estimate of the height to which a given balloon will 
rise in the atmosphere, may be made as follows: having 
given only the diameter of the balloon, and the weight 
which just balances it, or that is ju»t necessary to keep it 
from rising: compute the capacity or content of the globe 
in cubic feet, and di>ide its restraining weight in ounces 
by that content, then the quotient will 
be the difference between the density 
or specific gravity of the atmosphere at 
the earth’s surface, and that at the 
height to which the balloon will rise; 
therefore subtract that difference or 
quotient from 14 1*2, the density at 

ibe earth’s surface, and the remainder 
will be the density at that height: then 
the height answering Co that density 
will be found sufficiently near in the 
annexed table. Thus, in the foregoing 
exaiDplt'S, in which the diameter of the 
balloon is 35 b et, ks capacity 29458, 
and the pnwer of the first 095 pounds, 
or 15990 ounci^, the quotient of the 
latter luiinber divided by the former, is 
* 709 , which is the density at the utmost 
heigiit, and to which in the table answers a little more 
than 2^ miles, or 21 miles nearly, which therefore is the 
height to which the balloon will ascend* And when the 
same balloon was fillrd with heated air, its power was 
found equal to only 13) pounds, or 2128 ounces, and di¬ 
viding this by 22458 the capacity, the quotient *095 taken 
from r200, leaves 1*105 for the density; which in the 
tabic corri*sponds to half a mile, or nearer | of a mile* 
And so high would these balloons ascend, if they keep 
the same figure, and lost none of U 19 ; contained air; or 
rather, tliosc arc the heights'they:would settle at: for 
their acquired velocity would first^rry ibrm above that 
height, so far as till all their motion should be destroyed; 
then they would descend and pass below that height, but 
not so much as they had gone above; after which they 
would rc-asccnd| and pass that height again, but not so 
far as they had gone below it; and so on for many times, 
vibrating alternately above and below that point, but al¬ 
ways less and less every time* ’Fhc foregoing rule, for 
fading the height to tvbich the balloon will ascend, is in¬ 
dependent of the different slates of the ^thermometer at 
that highest point, and at the surface of the earth; but 
for greater accuracy, including the allowances depending 
on the different stales of the thermometer, S4*c under the 
word Atuospheh^^ where the more accurate rules arc 
given at large. 

The best way to make up the whole coating of the bal- 
loor), is by different pieces or slips joined lengthways from 
end to end, like the pieces composing the surface of a geo¬ 
graphical globe, and contained between one meridian and 
another, or like the slices into which a melon is usually 
cut, and supposed to be spread flat out* Now the edges 
of such pieces cannot be exactly described by a pair of 
compasses, not being circular, but flatter or less round 
than circular arches; but if the slips are sufficicotly oar* 


and may be described as such. But mure accutaicl), 
the breadths of the sli|), at the se¬ 
veral distances from the (>(>ints to 
lliC middle, where it iv broatlest, 
are directly as the >ines of those 
distances, radius being the sme of 
the half length of the slip, or of 
the distance of cither point from 
the middle of the slip: that i>. If 
A c n D be one of the slips, a b be¬ 
ing half the circumference, or a k 
a quadrant conceived to be equal 
to AC or A o; then will CD be to 
a by as radius or the sine of ac, to 
the sine of An. So that if the 
quadrant a £ or a c be divided in¬ 
to any number of equal parts, 
here suppose 9» ihen divide the 
quadrant or 0^ degrees by the 
number of parts 9i ^tjd the quo¬ 
tient 10 is the number of degrees 
in each part; and hence the arcs ac, Aa, ac, dec, will 
be respectively 90^» 80®, 70®, &c; and, CD being radius, 
the several breadths cJ, ef, &c, will be respectively 
the sines of SO®, 70®, 60"^, &c, which are here placed op¬ 
posite to them, the radius being 1. Therefore, when it is 
proposed to cut out slips for a globe of a given diameter; 
compute the circumference, and make af. or ac a quar¬ 
ter of that circumference, and cd of any breadth, as 3 
feet, or 2 feet, or any other quantity; then multiply each 
of the decimal numt^rs, set opposite the tigurc, by that 
quantity, or breadth of CD, so shall the products be the 
several breadths ci, </*, &c. 

Various schemes have been devised for conducting bal¬ 
loons in any direction, whether vertical or sideways* As 
to the vertical directions, namely upwards or downwards^ 
the means are obvious, viz, in order to ascend, the aero¬ 
naut throws out some ballast; and that he may descemi, 
be opens a valve in the top of his machine by means of a 
string, to let some of the gas escape; or if it be a mont- 
golfler, be Increases or diminishes the Arc, as he would 
ascend or descend. But to direct the machine in a side 
or horizontal course, is a very difficult operation, and 
what has hitherto not been accomplished, except in a 
small degree, and when the current of air is very gentle 
indeed. The difficulty of moving the balloon sideways, 
arises from the want of wind blowing upon it; for as it 
floats along with the current of air, it is relatively in a 
calm, and the aeronaut feels no more wind than if the 
machine were at rest in a perfect calm. For this reason, 
any thing in the nature of sails can be of no use; and all 
that can be hoped for, is to be attempted by means of 
oars ; and how small the effect of these roust be, may ea¬ 
sily be conceived from the rarity* of the medium against 
which they must act, and the great magnitude of the ma« 
chine to be forced through it. We can easily assign what 
force is necessary to move a given machine in the air with 
any proposed velocity. From very accurate experiments 
I have determined, that a globe of 6} inches in diameUT, 
and moving with a velocity of 20 feet per second of time, 
suffers a resistance from the air which is just equal to the 
weight or pressure of one ounce Averdupois: and further, 
that with different surfaces, and the same velocity, the rc« 
sistanecs are directly proportional to the surface ncarl^^ ^ 
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double surface having a double resistance, a triple su - 
face a triple resistance, and so on; and also, that with dit- 
ferent velocities, the resistances are proportional to the 
siuiarcs of the velocities nearly, so that u double velocity 
produced a quadru[)le resistance, aiul 3 tunes the velo¬ 
city J) times the resistance, and so on. And hence we can 
nssian the resistance necessary to move a given balloon, 
with any velocity. Thus, take the balloon as before ot 
35 feet diameter; then by comparison a^abovc U is found 
that this globe, if moved with the velocity of 20 feet per 
second, or almost U miles per hour, will suffer a rAist- 
ance c<iual to 271 pounds; to move it at the rate of 7 
miles an hour, the resistance will be 68 pounds ; and to 
move it miles an hour, the resistance will be 17 pounds ; 
and so on: and with such force must the aeronauts act 
on the air in a contrary direction, to communicate such a 
motion to the machine. But, if the balloon move through 
a rarer part of the atmosphere, than that at flic surface 
of the earth, as j, or 

resistance be less in the same proportion ; yet the force ot 
the oars «ill be diminished as much ; and therefore the 
same difficulty still remains. In general, the aeronaut 
must strike the air, by means of his oars, with a force 
just equal to the resistance of the air on the balloon, anil 
therefore he must strike that air with a velocity which 
must be greater as the surface of the oar is less than the 
resisted surface of the globe, but not m the same propor¬ 
tion, because the force is as the square of the velocity. 

Now, suppose the aeronaut act with an oar equal to 
100 square feet of surface, to move the balloon above 
mentioned at the rate of 20 feet per second, or 14 miles 
an hour; then must he move this oar with the great velo¬ 
city of 62 feet per second, or near 43 miles per hour: 
and so in proportion for other velocilii's of the balloon. 
Whence it is highly probable, that it will never be in the 
power of man to guide such machine with any tolernble 
degree of success, especially when any considerable wind 
blows, which is almost always the case. 

The compositions for varnishing balloons have been va¬ 
riously modilied; but upon the whole, the most approved 
appears to be the bird-lime varnish of M. Faujas St. 
Fond. Mr. Blanchard used a varnish made of elastic ro¬ 
sin, known commonly by the name of India rubber, dis¬ 
solved in live times its wcigl^ of rectified essential oil of 
turpotitinc; which Is also held in great esteem. 

llie methods of obtaining indnmmablc air for filling 
balloons'is generally, by applying acids to certain metaU, 
by exposing animal, vegetable, and some miiieml substan¬ 
ces, in a close vessel to a strong hre, or by transmitting 
the vapour of certain fluids through red-hot tubes. 

In the first of these methods, iron, zinc, and vitriolic 
acid, are the materials most generally used. The vitriolic 
acid must be diluted by five or six parts of water. Iron 
may be expected to yield in the common way 1700 times 
its own bulk of gas; or one foot of inflammable air to 
be produced by ounces of iron, the same w'cight of oil 
of vitriol, and 22^ ounces of water. Six ounces of zinc, 
an equal weight of oil of vitriol, and 30 ounces of water, 
arc necessary for producing the same quantity of gas. 

And here it should be observed, that the turnings or 
chippings of great pieces of iron, as of cannons, Ac, 
are preferable to the filings of that raCtal. The weight 
of the inflammable air thus obtained, by means of acid 
of vitriol, is in the common way of procuring it, gene¬ 
rally about ono seventh part of the weight of common 


air; but with the necessary precautions, for philosophical 

experiments, less than one tenth of the weight of common 
air. Two other sorts of elastic fluids are sometimes gc- 
mrated with the iiiHammable air, which may be sepa¬ 
rated from it, by passing the gas through water, in which 
<iuick lime has been dissolved. The water will absorb 
these fluids, cool the inflammable air, and prevent its 
over heating the balloon when introduced into it. 

Inflammable air may be obtained at a much cheaper 
rate by the action of fire upon various substances; but 
the gas that they yield is not so liglil ^ that produced by 
the effencscencc of acids and metals. The substances 
proper for this are, pit-coal, asphallum, amber, rock-oil, 
and other minerals; wood and particularly oak, camphor- 
oil, spirits of wine, ether, and animal substances; all gl 
which yield air in different degrees, and of various specific 
gravities: but pit-coal is the preferable substance. 

Another method of obtaining inflammable air was dis¬ 
covered by M. Lavoisier, and also by Dr. Priestley; 
which is, by making the steam of boiling water pas* 
through the barrel of a gun, kept red-hot by burning 
coal. Dr. Priestley used, instead of the gun barrel, « 
rr<l-hot tube of brass, upon which the steam of water has 
no cflecl; and wliich he filled with the pieces of iron se¬ 
parated by the boring of cannon; and by this means he 
obtained an Infl.'iminable air weight of com¬ 

mon air. But of these three metUoils, the former is the 
only one that can be safely depended on for obtaining 
proper gas for filling large balloons ; and here it has been 
recommended to use zinc instead of iron turnings, be¬ 
cause the white vitriol, the salt produced by the union of 
the vitriolic acid and zinc, is much more valuable than 
the green sort produced by the union of the some acid 
with iron. But though this is undoubtedly the case, it 
will certainly be found upon trial, that the superior price 
of the zinc, will be more than an equivalent for all the 
advantage that can be derived from the additional price 
of the white vitriol. 

The method of filling balloons, being merely mechani¬ 
cal, is omitted in this place; but ample information cm 
this, and many other particulars, may be met with in se¬ 
veral books expressly written on the subject; os in Ca- 
vallo’s History and Piactico of Aerostation, 8vo, J785; 
in Baldwin’s Airopuidia, 8vo, 1786; and the Description 
dcs Experiences, &c, par M. Faujas St. Pond. See also 
an ingenious and learned treatise on the malheinatical 
and physical principles of Air-balloons, by the late Dr. 
Damen, professor of philosophy and mathcmalics in the 
University of Leyden, entitled, Physical and Mathema¬ 
tical Contemplations on Aerostatic Balloons, &c; in 8vo, 
at Utrecht, 1784. 

It has often been discussed, says the former of those 
gentlemen, whether the preference should be given to ma¬ 
chines raised by inflammable air, or to those raised by 
heated air. Each df them has its peculiar advantages and 
disadvantages; a just consideration of which sfems to de¬ 
cide iu favour of those made with inflammable air, The 
principal comparative advantages of the other sort ore, 
that they do not require to be made of So expensive roa- 
tcriols: that they are filled with little or no expense; and 
.that the combustibles necessary to fill them aTc found al¬ 
most every where; so that, when the stock of fuel is ex¬ 
hausted, the aeronaut may descend and recruit it ^ain, 
in order to proceed on his voyage. But then this kind of 
machines must be made larger than the other, to take up 
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the some weight; and the presence of a tire is a conti¬ 
nual trouble, as well as danger: in fact, among the many 
aerial voyages that have been made and attempted with 
such machines, very few have succeeded without an in¬ 
convenience, or an accident; and sonic indeed have been 
attended with dangerous and even fatal consequences; 
from which the other kind is in a great measure exempt. 
But, on the other hand, the inflaininable-air balloon must 
be made of a substance impermeable to the subtle gas: 
the gas itself cannot be produced without a considerable 
expense; and it is not easy to hnd the materials and ap¬ 
paratus necessary for the production of it in every place. 
However, it has been found that an indainmable-air bal¬ 
loon, of 30 feet in diameter, may be made so close as to 
susiitin two persons, and a considerable quantity of bal¬ 
last, in the air for more than 24 hours, when properly 
managed; and possibly one man might be supported b)- 
the same machine fur three days: and it is probable that 
the stuff for these balloons may be so far improved, as to 
be quite impermeable to the gas, or very nearly so; in 
which case, the machine, once tilled, would continue to 
float for a long time. At Paris they have already attained 
to a great degree of perfection in this point; and small 
balloons have been kept floating in a room for many 
weeks, without losing any considerable quantity of their 
levity: but the difficulty lies in the large machines: for 
in these, the weight of the stuff itself, with the weight 
and stress of the ropes and boat, and the folding them up, 
may easily crack and rub off the varnish, and make them 
leaky. 

. With regard to the uses to vyhich balloons can be ap¬ 
plied, it must be observed, that the perfection of all arts, 
and the application of them to the useful purposes of 
man, have always been progressive, and not the immediate 
result of a fortunate discovery; if therefore at present no 
great advantages have been derived from the art of aero¬ 
station, wc ought not to despair, nor discourage any future 
attempts, which it is to be hoped may prove more suc¬ 
cessful in this respect. But even in the present incom¬ 
plete state of this art, some advantages have been derived 
from it. Thus, the French ascribe to the elevation of a 
balloon, and the information obtained in consequenre of 
thus reconnoitring the army of the enemy, the signal vic¬ 
tory gained in the battle of FIcurus in 179^- Balloons 
may likewise serve to explo.c and ascertain the nature of 
the-air in the higher re^ons of the atmosphere. Unc of 
(he floest experiments made on (his (mint, is that of Gay- 
Lusac, who being elevated in a balloon to the height of 
nearly eight miles, the greatest ever attained by any per¬ 
son, brought some otmosphcric air from those regions, 
which, on being analysed, was found to furnish the prin¬ 
ciples of oxygen, azote, hydrogen, and carbonic acid gas, 
in the same proportions as at the surface of the earth. Iix 
fa£t, the application of these machines to the advance¬ 
ment of our knowledge of the various phsnomena in me¬ 
teorology, stands prominent, as perhaps the only means 
of maturing our acquaintance with causes yet known only 
by their effects, 

ESTIVAL, see Estival. 

Ai^TUARY, or EsTUAaY, in Geography, an arm of 
the sea, running up a good way into the land. Such as 
Bsistol channel, many of the friths in Scotland, and such¬ 
like. 

ATHER, tee EruEa, 

AFFECTED, or Adtectbd, £qi;atiov, in Algebra, 
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is an equation in which the unknown quantity ii'if fi> 
two or more several powers or degrees. Such, for cx.ini- 
ple, is the equation j- — pj- -n = r, in whicli ihcre 
are three difierent powers of j, namely, J*, and j. 

Thu term, aflected, is also used sometime-s in algebra, 
when speaking of quantities that ha\e coefficients. Thus, 
in (he quantity 2'/, a is said to be affected with ihc co¬ 
efficient 2. It is also said, that an algebraic quantity is 
afl'ected with the sign or —, or wi.h a radical sign; 
meaning no more than that it has the sign -i- or —, or 
that it includes a radical sign. 'I'lie term udlVcted, or at- 
fecied, I think, was introduced by \ icla. 

AFFECTION, in Geometry, a term used by some an¬ 
cient writers, signifying the same as property. 

AfFtCTioN. P/ij/s. The affections of abodyarec<r- 
tain modifleations occasioned or induced by motion; in 
virtue of which the body is disposed after such or such a 
manner. 

The afl'ections of bodies, arc sometimes divided into 
primary and iccondary. 

Primary Affections, are those which arise oilher out of 
the idea of matter, as magnitude, quantity, and figure; 
or out of the idea of form, as quality and power; or out 
of both, as motion, place, and time. 

Secondary, or derivative Affections, arc such as arise out 
of primary opes, as divisibility, continuity, contiguity, 
&c, which arise out of quantity; regularity, irregularity, 
&c, which arise out of flguro, ^c. 

AFFINI rV, in natural philoso|>hy, the tendency which 
the particles of iiiatlcr have to be attracted, or united to 
each other. 

AFFIIIM.ATIVE Quantity, or Positive Quantity, 
one which is to be added, or taken cfl'ectively ; in contra¬ 
distinction to one that is to be subtracted, or taken de¬ 
fectively.—The term affirmative was introduced by Viela. 

Affiduative Sion, or Positive Sion, in Algebra, 
the sign of addition, thus marked -4-, and is called plus, 
or more, or added to. When set before any single quan¬ 
tity, it serves to denote that it is an affirmative or a po¬ 
sitive quantity; when set between two or more quantities, 
it denotes their sum, showing (hat the latter are to bo 
added to the former. So -4- 6, and u, and -4- a B, 
arc affirmative quantities; also6 8 -t- 10 denote the 

sum of 6, 6, and 10, which is 24, and are read thus, 
6' plus 8 plus 10. Also a -I- 6 -4- c denote the sum of the 
quantities represented by o, b, and c, when added toge¬ 
ther. It seems now not easy to ascertain with certainly, 
when, or by whom, this sign was first introduced; but it 
was probably by the Germans, as 1 find it first used by 
Stifelius in his Arithmetic, printed in lid*. When quan¬ 
tities are set down without a prefixed sign, as a, or b, or x, 
&c, they arc understood to be affirmative ones. 

The early writers on Algebra used the word phis in La¬ 
tin, or piu in Italian, for addition,,and afterwards the ini¬ 
tial p only, as a contraction; like os they used minus, or 
meno, or the initial m only, for subtraction: and thus these 
operations were denoted in Italy by Lucas dc Burgo, Tar- 
talee, and Cardan, while the signs ■+• and — were em¬ 
ployed much about the same time io Germany by Stifo- 
tius, Scheubclius, and others, for the tame operations. 

AGE, in Chronology, is used for a century, being a 
system, or period of-a hundred years. 

Cbronologists also divide the time since the creation of 
the world into three ages: The first, from Adam to Mo- 
KS, which call the age of nature; the second from 
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Moses to Jesus Christ, called tlic age of the law ; and the 
tlrird, or age of grace, from Jesus Christ till the end of 

tin* world. . . r i 

Age of the Moon, in Aslronomjs is the number ol days 

cla|>scd since the Ijlsi new nrnon. 'lo 6iui iKc moon's a;40, 
tor any tunc nearly, for ordinary uses; add together the 
c|»act, the day of the currvnl month, and the number of 
ni'inlhs from Murcli to the present month inclusive; the 
sum is the moon’s age : hut if the sum exceed 29, deduct 
this number from it in months that have 30 days, or 30 
in tlmsc that have 31 ; and tlie remainder will be the age. 

—At the end ot 19 years the moon’s age returns upon 
the same day of tlie month, hut lulls a little short of the 

same hour of the day. 

agent, Agens, in Physics, that by which a thing is 
done or cfi'ccled; or any thing having a power by whiclt 
It acts on another, called the object. 

AGGREGA'PE, the sum or result of several things 
added together. See Sum. 

AGH’ATION, in Physics, a brisk intestine motion, ex¬ 
cited among the particles of a body. Thus, fire agitates 
the subtlest particles of bodies. Fermentations, and ef¬ 
fervescences, arc produced by a brisk agitation of the par¬ 
ticles of the fermenting body. 

AGNESI {Maria Gaetana), an Italian young lady, 
highly celebrated for her learning and talents. Signora 
Agnesi was born at Milan in 1718, and by her genius and 
industry soon became profoundly learned in several lan¬ 
guages, as well as in the mathematical and philosophical 
sciences. While very young she composed an excellent 
treatise on the doctrine of fluxions, which was published 
nl Milan 1748, under the title of Analytical Institutions, 
in 2 volumes 4to; u very useful work, which was ho¬ 
noured by a French translation, at Paris, by Cousin, in 
1775; and by an English translation, made many years 
since by the late professor Colson, of Cambridge, and 
lately published at the expense of Mr. Uaron Maseres, 
under the care of the Rev. John Hollins, in 2 vols. 4to, 
1801. In just consideration of such eminent qualifica¬ 
tions, S. Agnesi was appointed public professor of mathe¬ 
matics at I^logna in 1750, an office which she discharged 
with the greatest credit for some time. 

It is with regret however we add, that neither her in¬ 
clination fur those honourable intellectual pursuits, nor a 
desire of preserving and increasing the celebrity she had 
obtained, nor the entreaties of her family and friends, 
could prevent her from devoting herself to a monastic 
life, among tho sisten known by the name of the Blue 
Nuns. From the period of her retiring to the cloister, it 
may l>c concluded that her life was not chequered with 
any variety of incidents. Accordingly, we only fur¬ 
ther learn that this illustrious ornament of her sex died 
about the year 1770. 

AGUILON, or Aquilon, (Francis), was ajesuit of 
Brussels, and professor of philosophy at Dnway, and of 
theology at Antwerp. He was one of the first that in¬ 
troduced mathematical studies into Flanders. He wrote 
a large work on Optics, in 6 books, which was published 
in folio, nt Ant\vferp, in l6l3; and a treatise of Projec¬ 
tions of the Sphere. He promised also to treat upon Ca- 
tuptricB and Dioptrics; but this was prevented by bis 
death, which happened at Seville, in the year I617. 

, AIR, in Natural Philosophy and Chemistry, a general 
term used to denote such invisible rare fluids as possess a 
very high degree of elasticity, and arc not Condausable 


into a visible fluid by any degree of cold; 

air is disringuished from vapour, which may be thus con- 

^'^This term was originally applied to the air of which 
our atmosphere is composed, and considered by the an¬ 
cients as a simple element; but tho researches of modern 
chemists have shown it to be a compound, and that it 
may be resolved into its several component parts, (see 
Gav); but at present we shall only comidcrit us relating 
to the atmosphere, without entering into its chemical pro- 


^ Air, Atmospheric, is an invisible, insipid, inodorous, 
heavy, and clastic fluid, possessing great mobility, sus¬ 
ceptible of rarefaction, and of condensation ; n surrounds 
the terrestrial globe to a certain height, ih® entire mass 
constituting the atmosphere. The consideration of this 
fluid cannot but be a highly interi^ting subject, since it is 
the depository of the signs of our thoughts and our al- 
fections; at the same time, that it serves for the preserva¬ 
tion of life in every animated being. 

Mechanical Properlies and Effects qf Aiu. Of these 
the most considerable arc its fluidity, its weight, and its 

elasticity. ... 

1. hs Fluidily.—Tlic great fluidity of the air is mani¬ 
fest from the facility with which bodies traverse it; as m 
the propagation of, and easy convojnnce it affords lo, 
sounds, odours and other effluvia and emanations that 
escape from bodies: for these cfl'ects prove that it is a 
body whose parts give way lo any force, and in yielding 
are easily moved among themselves ; which is the defi¬ 
nition of a fluid. That the air is a fluid is also proved 
from this circumstance, that it is found to exert an equal 
pressure in all directions; an effect which could not take 
place otherwise than from its extreme fluidity. Neither 
has it been found that the air can be deprived of this pro-, 
perty, whether it be kept for many years together con¬ 
fined in glass vessels, or be exposed to the greatest natural 
or artificial cold, or condensed by the most powerful pres¬ 
sure ; for in none of these circumstances has it ever been 
reduced to a solid state. 

2. Its freight or GroriVy.—The weight or gravity of llie 
air, is a property belonging to it as a body; for gravity is 
a properly essential to matter, or at least a properly found 
in all bodies. But independent of this, we have many di¬ 
rect proofs of its gravity from sense and experiment: 
thus, the hand laid close upon the end of a vessel, out of 
which the air is drawn at the other end, soon feels the 
load of the incumbent atmosphere; thus also, two hol¬ 
low segments of a sphere, of about 4 inches in diameter, 
exactly fitting each other, being emptied of air, art, by 
the weight of tho ambient air, pressed together with a 
force which requires the weight of 188 pounds to sepa¬ 
rate them ; and that thc^ are thus forcibly held together 
by the pressure of tho air, is made evident by suspending 
them in an exhausted receiver, for then they quickly se¬ 
parate of themselves, and fall asunder. Again, if a tube, 
close at one end, be filled with quicksilver, and the open 
end be immerged in a bason of the same fluid, and so 
held upright, the quicksilver in the tube will be kept raised 
up in it to the. height of about 30 inches above the sur¬ 
face of that in the bason, being supported and balanced 
by'the preuure of the external air ujion that surface: aqd 
that this is the cause of the suspension of the quicksilver 
in tho tube, is made evident by placing the whole appa¬ 
ratus under th^ receiver of an air-pump; for then tho 


A 1 R 


A I R 


C 49 ] 


fluid descends in tlic tube in proportion as the receiver is 
CNhaustcd of its air; and on gradually letting in the air 
again, the quicksilver reascends to its former height: and 
this is the common barometer, or »hat is called, from its 
inventor, the Torricellian experiment. Nay farther, air 
can actually be weighed like any other body; for a rigid 
vessel, full even, of common air, by a nice balance is 
found to weigh more than when the air is exhausted from 
It; and the effect is proportionally more sensible, if the 
vessel be weighed full of condensed air, and more still if 
it be weighed in a receiver void of air. 

But, though we have innumerable proofs of the gravi- 
taling property of the air, yet the full discovery of the 
laws and circumstances of it arc certainly due to the mo* 
derns. It cannot indeed be denied, that several of the 
ancients had some confused notions about this property : 
thus Aristotle says, that all the elements have gravity, and 
even air itself; and as a proof of it, says that a bladder 
inflated with air, weighs more than the same when empty ; 
and Plutarch and Stobceus quote him as teaching that (he 
air in its weight is helween that of Are and of earth; and 
farther, he himself, tri*ating of respiration, reports it as 
the opinion of Empedocles, that he ascribes the cause of 
it to the weight of the air, which by its pressure forces 
itself into the lungs; and much in the same way arc the 
sentiments of Asclepiades expressed by Plutarch, who re¬ 
presents him as saying, among other things, that the ex¬ 
ternal air, by its weight, forcibly upcneil its way into the 
breast. But nevertheless it is certain, however unreason¬ 
able it may seem, that Aristotle's followers departed in 
this instance from their master, by asserting (ho contrary 
for many ages together. Indeed several of the ph*no- 
loena arising from this property, have been remarked 
from (he higlicst antiquity. Many centuries since, it was 
known that by sucking the air from an open pipe, having 
its extremity immersed in water, this fluid rises above its 
level, and occupies the place of the air. In consequence 
of such observations, sucking pumps were contrived, and 
various other hydraulic machines; as Heron’s syphons, 
described in his Spiritalia or Pneumatics, and the water¬ 
ing-pots known in Aristotle’s lime under the name of 
clep^dra, which alternately stop or run as the finger 
closes or opens their upper orifice. Indeed the reason as¬ 
signed, by philosophers many ages after, for this phamo- 
menon, was a pretended horror (hat nature conceives for 
a vacuum, which, rather then endure it, makes a body 
nscciid contrary to the powerful solicitation of its gravity. 
Even Galileo, with all his sagacity, could not for some 
time hit upon any thing more satisfactory; for he only 
assigned a limit to (his dread of vacuity: having observed 
that sucking pumps would not raise water higher than l6 
brasses, or 34 English feet, he limited this abhorring force 
of nature, to one that was equivalent to the weight of a 
column of water 34 feet high, on the same base ak the 
void space. Consequently he pointed out a way of making 
a vacuum, by means of a hollow cylinder, whose piston 
is charged with a weight sufficient to detach it from the 
close Bottom turned upwards: this effort he called the 
measure of the force of vacuity, and made use of it for 
explaining the cohesion of the parts of bodies, 

G^ilco, however, WM well apprised of the weight of 
the air as a body: in bis Dialogues he shows two ways of 
dcroonsiraling it, by weighing it in bottles; the transition 
was <^y from one discovery to another; yet s^ill Gali- 
Icos knowledge of the matter was ipjpcrfcci, that is, as to 
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ihc partjcul«ir instance of tlic suspension of a riuiJ r* 
its level, by lhcpri*ssure of the external air. 

At lengOi, Torricelli concened ibc happy idea, liii* 
the counterpoise uliich keeps fluids above their lexii. 
when not III ng presses upon ilieir niternal suiface, is ilie 
Diass of ail* resting upon (he exi^Tnal one. lie discovered 
it in the following nianiiiT: In (he yi ur \Gi3 this discipl* 
of Galileo, on occasion ut executing an experiment on the 
vacuum formed in pumps, ab<ive the column of water, 
when it exceeds 34 feet, thought of iiMng some heavier 
fluid, such as quicksilver. He conceived, that \Nhatcvei 
might be the cause by which a column ol water of 
feet high is stisiaiiiej above ib level, ttie same force would 
sustain a column of any other Hiinl, wlucli weighed as 
much as that column of water, on the same base; whence 
ho concluded that quicksilver, being about 14 times 
heavy as water, would not be sustained higher than 2?) 
or 30 inches, lie therefore took a glass tube of several 
feet in length, scaled it hermetically at one end, and filUd 
it with quicksilver; tiicn inverting it, and holding it up¬ 
right, b) pressing his Anger against the lower or open ori¬ 
fice, be immersed that end in a vcssc*) of quicksilver, 
when removing his finger, and suflering the fluid to run 
out, the event verified his conjecture; the quicksilver, 
faithful to (he laws of hydrostatics, descended till (he co¬ 
lumn of it was about 30 inches high above the surface of 
that in the vessel below. And hence Torricelli concluded, 
(bat it was no other (bun the weight of the air incum¬ 
bent on the surface of the external quicksilver, which 
counterbalanced the fluid contained in the tube. 

By this experiment Torricelli not only proved, what 
Galileo had dune before, that the air had weight, but also 
that it was its weight w*hich kept water and quicksilver 
raised in pumps and tubes, and that the weight of the 
whole column of it was equal (o that of a like column 
of quicksilver of 30 inches in height, or of water 34 or 
35 feet high; but he did not ascertain (heweight of any 
particular quantity of it, as a gallon, or a cubic foot of it, 
nor its specific gravity to water, which had been done by 
Galileo, though to be sure with no great accuracy, for he 
only proved that water was more than 400 times heavier 
than air. 

Father Mersenne, who kept up a correspondence with 
most of the literati in Italy, was informed of Torricelli s 
experiment in 1644, and communicated it to those of 
France, who presently repeated the experiment: Messrs. 
Pa^al and Petit made it first, and varied it several ways; 
which gave occasion lo the ingenious treatise which Pascal 
published at 23 years of age, entitled Experiences Nou- 
vcllcs touebant la Vuide. In tliis treatise indeed he makes 
use of the old principle of fuga vacui; but afterwards 
getting some notion of the weight of the air> he soon 
adopted Torricelli's idea, and devised several experiments 
to confirm it. One of these was to procure a vacuum 
abov4 the reservoir of quicksilver; in which ease, he 
found the column sink down to the conunon level: but 
ibis appearing to him not sufficiently powerful to dissi- 
P^yudicei of the ancient philosophy, he prevail¬ 
ed on M* Perier, bis brother-in-law, to execute the celts 
brated experiment of Puy-dc-Domme, who found that 
the height of the quicksilver half-way wp the mountain 
was less, by some inches, than at the foot of h, and still 
less at the top 2 so that it was now put out of doubt, that 
it was the weight of the atmosphere whicli counterpoised 
the quicksilver. ^ 
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pfS Cartts too had a right notion of this oftcct of the 
air, to biislain Huids above their level, as appears by some 
ot his letters about this lime, and some yeans betore; and 
in one of those he lays claim to the idea of the Ruy-de- 
Doinmc c.xperiment. After having desired M. fle Carcavi 
to inlorm him of the success of the experiment, made by 
M. Pascal, he adds, “I had reason to expfct this from 
liiin, nithcr then from you, because I first proposed it to 
him two years since, assuring him at the same lime, that 
(liougli I had not tried it, yet 1 could not doubt of the 
conserjuence; but as he is a friend of M. Robervol, who 
professts himself no friend to me, t suppose he is guided 
by that gentlemans passions." See more of this history 
under Barometkr. 

' As to the actual weight of any given portion of com¬ 
mon air, it seems that Galileo was the first who deter¬ 
mined it experimentally ; and he gives two different me¬ 
thods, in his Dialogues, for weighing it in bottles: he did 
not however perform the experiment very accurately, as 
he stated from the result that the gravity of water was to 
that of air rather above 400 to 1, us belorc said. 

A quantity of air was next weighed by Mer^ennc in a 
very ingenious manner. His idea was to weigh a vessel 
both when full of air, and when emptied of it: to make 
the vacuum for this purpose, he knew no better way 
th.in by expelling the air out of an colipilc by heating it 
red-hot: by weighing it both when cold and hut, he found 
a certain differena*; whicli however was not the exact 
weight of that capacity of air, because the vacuum was 
not perfect. For, by plunging the colipilc, when red-hot, 
into water, just so much water entered as was equal 
in bulk to the air that had been expelled; he then took 
it out and weighed it with the water, which gave the 
weight of the same bulk of water; and on comparing 
this with the foriner^difference, or weight of air expelled, 
be found their propbrtion to be as 1300 to 1; which is 
as wide of the truth as Galileo’s proportion, namely 400 
to I, but the contrary way. And it is rcg^rkablc that 
the mean between the two, namely 850 to I, happens to 
be very near the true proportion, as settled by other more 
accurate experiments. 

Mr. Boyle, by a more accurate experiment, found the 
proportion to be that of 938 to 1.* And Mr. Huuksbcc 
found it ns 850 to 1, proceeding on the same principles as 
Mersenne, with a ibrce-gallon glass bottle, but extracting 
the air out of it with the air-pump, instead of expelling 
it by fire; the height of the barometer being at that 
time 297 inches. Also by other experiments made be¬ 
fore the Royal Society by Mr. Hauksbee, Dr. Halley, 
Mr. Cotes, and others, ibe proportion was always between 
800 and 900 to 1, but rather nearer the latter, namely, 
being first found as 840 to 1, then as 852 to 1, and a 
third time as SfiO to 1; the barometer then standing at 
29i inches, and the weather warm. Mr. Cavcndiih do* 
tcrminei thp ratio 800 to 1, the barometer being 29^ 
and the thermometer at 50^; and Sir George Shuckburgh, 
by a very accurate experiment, finds it 8SG to l, the ba¬ 
rometer being at that time 29'27, and the tberraometer at 
510. The medium of all these is about 832 or 833 to 1, 
when reduced to the pressure of SO inches of the barome¬ 
ter, and the mean temperature 55° of the thermometer. 
Upon the whole therefore, it may be safely concluded 
that, when the barometer is at 30 inches, and the ther¬ 
mometer at the mean temperature 550, the density or 
.gravity of water, is to that of air, as SSSj to ], that is as 
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to 1, or as 2500 to 3; and that for any changes in 
the height of the barometer, the ratio varies proportion¬ 
ally ; also that the density of the air is altered by the 
part for every degree of the thermometer above or 
below temperate. 

• This number, which is a very good medium among 
them all, wc have chosen with the fraciion 4» because it 
givrt exactly ounce for the mean weight of a cubic 
fool of air, the weight of the cubic foot of watcf being 
just 1000 ounces averdupois, and that of quicksilver equal 
to 13600 ounces.- 

Air, then, having been shown to be a heavy fluid sub¬ 
stance, the laws of its gravitation and pressure must be . 
the same as those of water and other fluids; and conse¬ 
quently its pressure must be proportional to its perpendi¬ 
cular altitude. Which is exactly conformable to experi¬ 
ment; for on removing the Torricellian tube to different 
heights, where the column of air is shorter, the column 
of quicksilver which it sustains is shorter also, and that 
nearly at the nitc of 100 feet for ^ of an inch of quick- 
silver. And on these principles depend the structure and 
use of the barometer. 

From the same principle it likewise follows that air, 
like other fluids, presses equally in all directions. And 
hence it happens, that soft bodies endure this pressure 
without change of figure, and hard or brittle bodies with¬ 
out breaking; being equally pressed on all parts: but if 
the pressure be taken off, or diminished, on one side, the 
effect of it is immediately perceived on the other. See 
Atmosphere, for the total quantity of effects and pres¬ 
sure, and the laws of different altitudes, &c. 

From the weight and fluidity of the air, jointly consi¬ 
dered, many effects and uses of it may easily be deduced. 
By the combination of these two qualities, it closely in¬ 
vests (he earth, with all the bodies upon it, constringiog 
and binding them down with a great force, namely a 
pressure equal to about 15 pounds upon every square 
inch. Hence, for example, it prevents the arterial vessels 
of plants and animals from being too much distended by 
the impetus of the circulating juices, or by (he elastic 
force of the air so cbpiously abounding in them. For 
hence it happens, that on a diminution of the pressure of 
the air, in the operation of cupping, wc sec the parts of 
the body grow tumid, which causes an alteration in the 
circulation of the fluids in the (Capillary vessels. And the 
same cause binders the fluids from transpiring through 
the pores of their containing vessels, which would other¬ 
wise cause the greatest debility, and often destroy the ani¬ 
mal. To the same two qualities of the air, weight and 
, fluidity, is owing the mixture of bodies contiguous to one 
another, especially fluids; for several liquids, as oils and 
salts, which readily mix of themselves in air, will' not mix 
at ail in vacuo. With many other natural phsenomciia. 

3. Elauicity, Another quality of the air, from whence 
arise a multitude of effects, is its elasticity; a quality by 
whic^ it yields to the preisure of any other bodies, by 
connecting its volume; and dilates and expands itself 
again on the removal or diminution of the pressure. This 
quality is the chief distinctive property of air, the other 
two being common to all fluids. 

Of this property we have innumerable instances. Thus, 

Tor e.xample, a blown bladder being squeexed in the hand, 
we find a sensible resistance from the included air*, and, 
on taking oft the pressure, the compreased parts immedi* 
aiely restore themselves to their former round figure. 
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And on this property of elasticity depend the structure 
and uses of the air-pump. 

Every particle of air makes a continual effort to dilate 
itself, thus acting forcibly against all the neighbouring 
particles, which also e.xcrt the like force in return; but 
if their resistance happen to cease, or be weakened, the 
particle immediately expands to an immense extent. 
Iloncc it is that thin glass bubbles, or bladders, filled with 
air, and placed under the receiver of an air-pump, will, 
on pumping out the air, burst asunder by the force of 
the air which they contain. So likewise a close flaccid 
bladder, containing only a small (juantity of air, being 
pul under the receiver, swells as the receiver is exhausted, 
and at length appears quite full. And the same thing 
happens by carrying the flaccid bladder to the top of a 
very high mountain. 

The same experiment shows that this clastic properly 
of the air is very different fiom the elasticity of solid bo¬ 
dies, and that their dilatation arises from a different 
cause. For when air ceases to be compressed, it not only 
dilates, but occupies a far greater space, and exists under 
a volume immensely larger than before; whereas solid 
elastic bodii-sonly resume their former figure. 

It is plain that the weight or pressure of the air does 
not at all depend on its elasticity, and that it is neither 
more nor less heavy than if it were not at all elastic. But 
from its beine elastic,.it follows, that it is susceptible of a 
pressure, which reduces it to such a space, that the force 
of its elasticity, which re-acts against the pressing weight, 
is exactly equal to that weight. Now the law of the 
elasticity is such, that it increases in proportion to the 
density of the air, and that its density increases in pro¬ 
portion to the forces or weights which compress it. Now, 
there is a necessary equality between action and re-ac¬ 
tion ; that is, the gravity of the uir, which effects its com¬ 
pression, and the elasticity of it, which gives it its ten¬ 
dency to expansion, arc equal. 

So that, the elasticity increasing or diminishing, in the 
same proportion as the density increases or diminishes, 
that is, as the distances among its particles decrease or 
increans it is no matter whether the air be compressed, 
and retained in any space, by the weight of the atmo¬ 
sphere, or by any other cause; as in either case it must 
endeavour to expand with the same force. And there¬ 
fore, if such air as is near the earth be inclosed in a ves¬ 
sel, so as to have no communication with the external air, 
the pit'ssure of such inclosed air will be exactly equal to 
that of the whole external atmosphere. And accordingly 
we find that quicksilver is sustained to the same height, 
by the elastic force of air inclosed in a glass vessel, as by 
the whole pressure of the atmosphere.—And on this prin¬ 
ciple of the condensation and elasticity of the air, de^ 
pends the structure and use of the air-gun. 

That the density of theairisalwaysdircctlyproportion- 
al to the force or weight which compresses it, was proved 
by Boyle and Marjotte, at least as far as their experi¬ 
ments go on this head : and Mr. Mariotte has shown that 
the same rule takes place in condensed air. However, 
this is not to be admitted as scrupulously exact; for when 
air is very forcibly compressed, so as to be reduced to 
ith of its ordinary bulk, the effect does not answer pre¬ 
cisely to the rule j for in this case the air begins to make 
a greater resistance, and requires a stronger compression, 
than is givep by .the above proportion. And hence it ap¬ 
pears, that the particles of air cannot, by means of any 
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possible weight or pressure, however grcaJ, le bmugi.' 
into perfect contact, or that it cannot thus be reduced in 
a solid mass; and consequently, that there must be a li¬ 
mit to which this condensation of the air can never ar¬ 
rive. The same remark is true with regard to the nirt- 
faction of air, namely, tli.it in very high degrees of rare¬ 
faction, the elasticity is decreased rather more than in 
proportion to the weight or density of the air: and hence 
there must also be a limit to the rarefaction and expan¬ 
sion of the air, by which it is presented from expanding 
to infinity. 

To what degree air is susceptible of condensation, by 
compression, is not certainly known. Mr. Boyle con¬ 
densed it J3 limes more than in its natural slate, by this 
means: otliers have compressed it into ^‘jth part of its 
ordinary volume ; Dr. Hales made it 38 times more dense, 
by means of a press; but by freezing water in a hollow 
cast-iron ball or shell, he reduced it to 1522 times less 
space than it naturally occupies; in which state it must 
have been of almost double the density or specific gravity 
of water: And as water is not compressible, except in a 
very small degree, it follows from this experiment, that 
the particles of air must be of a nature very different 
from those of water; since it would othenvise b<* impos¬ 
sible to reduce air to a volume above 800 limes less than 
in its common state; there is however some reason to 
doubt of the accuracy of this experiment, as has been 
asserted by Dr. Halley, from some experiments performed 
in London, ami others at Florence by the Academy del 
Cimcnto,that it may be safely concluded that noforcewhat- 
ever is capable to reduce air into a space 800 times less 
than that which it naturally occupies near the surface of 
the earth, at least by pressure. But others, and particularly 
M. Amontons, in the Memoirs of the French Academy, 
maintain, that there is no affixing any limits to its con¬ 
densation ; that greater and greater forces will reduce it 
into less and less compass; and that it is only elastic in 
virtue of the fire it contains; and that, as it is impossible 
ever absolutely to drive out all its fire, it is impossible ever 
to make the utmost condensation. We may furtbar add, 
that the air contained in nitre, is probably condensed 
about l60O times. Sec my Tracts, vol. 3, p. 303. 

The elasticity of the air exerts its force equally in all 
directions; and when it is at liberty, and freed from the 
cause which compressed it, ilexpaiids equally on all sides, 
and in consequence always assumes a spherical figure in 
the interstices of the fluids in which it is lodged. This is 
evident in liquors placed in the receiver of an air-pump, 
by exhausting the air; at first there appears a multitude 
of exceeding small bubbles, like grains of fine sand, dis¬ 
persed through the fluid mass, and rising upwards; and 
as more air is pumped out, they enlarge in size; but still 
they continue round. Also if a plate of metal be im- 
merged in the liquor, on pumping, its surface will be seen 
covereil over with small round bubbles, composed of the 
air which adhered to it, now expanding itself. And for 
the same reason it is that large glass globes 8it‘ always 
blown up of a spherical shape, by blowing air through 
an iron tube into a piece of melted glass at the end of 
the pipe. 

The expansion of the air, by virtue of its elastic pro¬ 
perty, when only the compressing force is taken oft', or 
diminished, is found to be surprisingly great; and yet we 
are far from knowing the utmost dilatation of which it is 
capable. In several experiments made by Mr. Boyle, it 



A I R 




^ t A'. 

c.xpantleil fust into 9 limes its former space; llien into 31 
times; then into 60, and then into 150 times. After- 
war<J>, it was brought to dilate into 8000 limis its first 
space; then into lOOOO, and at lust even into 13679 
tunes its space; uiul all this solely by its own natural ex¬ 
pansive foro', by only removing the pressure, but without 
the help of fire. And on this principle depends the con¬ 
struction and use ot the Manometbk. 

'I he elasticity of the air, umier one ami the same pres¬ 
sure, is still farther increased by heat, and diminished by 
cold, and that, by some late accurate experiments made 
by Sir George Sbuckhurgh, at the rate of the 440th part 
of its volume nearly, for each tiegrec of the variation of 
heat, from that of temperate, in rahrcnhcil's theimo- 
meter. 

Mr. Hauksbee observed, that a portion of air inclosed 
in a glass lube, when the tempcraluro was at the freezing 
point, formed a volume which was to that of the same 
quantity of air in the greatest heat of summer in England, 
as 6 to 7. And it has been found by several experiments, 
that air is cxpandeil j of its natural bulk by applying the 
beat of boiling water to it. 

Dr. Hales found that the air in a ndort, when the bot¬ 
tom of the vessel just became red-hot, was dilated into 
double its former space; and that in a white, or almost 
melting heat, it filled thrice its former space" but Mr. 
Robins found that air was expanded, by means of the 
white or fusing heal of iron, to 4 times its former bulk. 
See also several ingenious experiments on the elasticity 
of the air, in the Philos. Trans, for the year 1777, by Sir 
George Shuckburgh and Colonel Roy. 

This properly explains the common effect observed on 
bringing a close flaccid bladder near the fire to warm it; 
when it is presently found to swell as if more air were 
blown into it. And on this principle depends the struc¬ 
ture and office of the thermometer. 

M. Amonlons first discovered that, with the same heat, 
air will expand in a degree proportioned to its density. 
And on this foundation the ingenious author has forme<l 
a disc 9 urse, to prove that the spring and weight of the 
air, with a moderate degree of warmth, may enable it to 
produce even earthquakes, and others of the moat vehe¬ 
ment commotions of nature." Fie confputes, that at the 
depth of the 74lh part of the earth’s radius below the sur¬ 
face, the natural pressure of the air would reduce to iho 
density of gold; and thence infers that all matter below 
that depth, is probably heavier than the heaviest metal 
that wc know of. And hence again, as it is proved that 
the more the air is compressed, the more does the same 
degree of fire increase the force of its elasticity; wc may 
infer that a degree of heat, which in our orb can prO" 
ducc only a moderate effect, may have a very violent one 
in such lower orb; and that, as there are many degrees 
of heat in nature, beyond that of boiling water, it is pro¬ 
bable there may be some whose violence, thus assisted by 
the density of the air, may be sufficiently powerful to tear 
asunder the solid globe. Mem. dc VAcad. 1703. 

Many philosophers have sunposed that the clastic pro¬ 
perty of the air depends on toe figure of its corpuscles, 
which they take to be ramous: some maintain that they 
are so many minute flocculi, rcsenbling fleeces of wool: 
others conceive them rolled up like hoops, and curled 
like wires, or shavings of wood, or coiled like the springs 
of watches, and endeavouring to expand themselves by 
'virtue of their texture. 
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But Sir liuac Newton (Optics, Qu. 31, &c,) explains 
the matter in a different way : such a conU-xture of parts 
he thinks by no means sufficient to account for that ama¬ 
zing power of cla>ticity observed in air, which is capable 
of dilating itself into above a million of times more space 
than it occupied before: but, he observes, as it is known 
that all bodies have on attractive and a repelling power; 
and as both these are stronger in bodies, the denser, more 
compact,and solid they arc; hence it follows that when, 
by heat, or any other powerful agent, the attractive force 
is overcome, and the particles of the body separated so 
far as to be out of the sphere of attraction ; the repelling 
power, then commencing, makes them recede from each 
other with a strong force, proportionable to that with 
which they before cohered; and thus they become per¬ 
manent air. . 

And hence, he says, it is, that as the particles of atr 
are grosser, and rise from denser bodies, ■ than those of 
transient air, or vapour, true air is more ponderous than 
vapour, and a moist atmosphere lighter than a dry one. 

And M. Amontons makes the elasticity of air to arise 
from the fire it contains; so that by augmenting the de¬ 
gree of heat, the ran-faction will be increased to a far 
greater degree than by a mere spontaneous dilatation. 

The elastic power of the air becomes the second great 
source of the remarkable effects of this important fluid. 
By this property it insinuates itself into the pores of bo¬ 
dies, where, by means of this virtue of expan<liiig, which 
is so easily excited, it must put the particles of those bo¬ 
dies into perpetual vibrations, and maintain a continual 
motion of dilatation and contraction in all bodies, by the 
incessant chang<'s in its gravity and density, and consc- 
qtiently its elasticity and expansion. 

This reciprocation is olm-rvablc in several instances, 
particularly in plants, in which the irachete or air-vessels 
petforni the office of lungs; for, as the heat increases or 
diminishes, the air alternately dilates and contracts, and 
so by turns compresses the vossols, and cases them atiain; 
thus promoting a circulation of their juices. And hence 
it is found that no vegetation or germination is carried on 
in vacuo. 

It is from the same cause too, that ice is burst by the 
continual action of the air contained in its bubbles. 
Thus too, glasses and other vcs-scls are frequently cracked, 
when their contoined liquors are frozen; and thus also 
large blocks of stone, and entire culumns of marble, some¬ 
times split in the winter season, from some little bubble 
of included air acquiring an increased elosticity: and for 
the same reason it is that so few stones will bear to be 
heated by a fire, without cracking into many pieces, by 
the increased expansive force of some air confined within 
ibeir (pores. From the same source arise also all putre¬ 
faction and fermentation; neither of which can be car¬ 
ried on in vacuo, even in the best-disposed subjects. And 
cveu respiration, and animal life itself, are supposed, by 
many authors, to be conducted, in a great measure, by 
the same principle of the nir. And ns we find such great 
qaeotities of air generated by the solution of animal and 
vegetable substances, a good deal must constantly be 
raised from the dissolution of these elements in the sto¬ 
mach and bowels. In fact, all natural corruption and al¬ 
teration seem to depend on air; and even metals, parii^ 
'cularly gold, only seem to be durable and incorruptible, 
in so far as they are impervious to air. 

Compotiiion, &c, of the air. We have already obr 
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scrrcJ, that for many ages the air we breathe was consi¬ 
dered as a simple homogeneous fluid : various exhalations 
and particles of bodies arising from the earth were indeed 
observed Co mix with it^ and on these its different degrees 
of salubrity were supposed to depend ; but the aeriform 
fluid itself was never, till within a few years, known to be 
a compound substance. This point however has been 
clearly ascertained by the discoveries of modern che- 
mists, particularly those of Priestley, Black, Caven¬ 
dish, Lavoisier, Fourcroy, &c. From the united testimo¬ 
nies of these discoveries we Icam, that atmospheric airris 
composed of at least twp species of air, or elastic fluids, 
which are called vital air, or oxygen gas, and azotic gas. 
The former is the great agent in respiration and combus¬ 
tion ; and upon the proper proportion of both depends 
the purity of the atmosphere, 'rhe latter possesses con¬ 
trary qualities, is noxious to animals, and incapable of 
maintaining combustion. The proportion of these in 100 
parts of atmospheric air, is commonly about 26 or 27 
parts of oxygen gas, and 74 or 73 parts of azotic gas, by 
weight; or about 22 parts of the former, and 78 of the 
latter, in bulk. 

These two gases however, though they constitute the 
principal part of atmospheric uir, are not the only or>es 
that enter into its composition; for beside the numerous 
particles of water and other sul>stances, it contains about 
J part in 100 of carbonic acid gas, and a still smaller 
quantity of hydrogen gas; and from experiments made 
upon air brought from the higher regions of the atmo¬ 
sphere, by means of air-balloons, these constituent parts 
of it were found in nearly the same proportion a.s at the 
surface of the earth. For further particulars on this sub¬ 
ject, sec A;{ote, Oas, O.xyorn, &c. 

For the resistance of the air, see Resistakce. 

Aik-Balloon. See Avroetatiok. 

Aih-Oi/n, in pKEUMATfca, is a machine for propel¬ 
ling bulle*ts vt'iili great violence, by the sole means of con¬ 
densed air. 

The lirst account we meet with of an air-gun, is in the 
Klemc ns d'Artilleric of David Rivaut, who was preceptor 
to Louis xui. of France, lie ascribes the invention to 
Mario, a burgher of Usieux, who presented one to 
Henry jv. 

To construct a machine of this kind, it is only neces¬ 
sary to take a strong vessel of any sort, into .which the air 
is to be thrown or condensed by moans of a ityringo, or 
otherwise, the more the better; then a valve Is suddenly 
opened, which lets the air escape by a small tube in which 
a bullet is placed, and which is thus violently forced out 
before the air. 

It is evident then that the effect is produced by virtue 
of (he elastic property of the air; the force of which, as 
has been shown in (he last article, is nearly proportional 
toils condensation; and therefore the greater quftntity 
that can be forced into the engine, the greater will be (he 
effect. Now this effect will be exactly similar to that of 
a gun charged with powder, and therefore wc can easily 
form a comparison between them: for inflamed gun-pow¬ 
der is nothing more than very condensed elastic air; so 
that the (wo forces are exactly similar. It is shown by 
Mr. Robins, in his New Principles of Gunnery, that tbe 
fluid of inflamed gun-powder, has, at the first moment, a 
force of elasticity equal to about 1000 limes that of 
common air; and 1 have shown (vol. S of my Tracts) 
(bai (be first force of tbe inBaaed powder is often mure 


than 2000 times (hat of the common air. Ihrreioie a 
mccssary that air should be condensed a 1000 or *..000 
times more than in Us natural stale, to produce the same 
effect as gun-powJei. But then it is to be considered, 
that tbe velocities with v>liich equal balls are impelled, 
arc directly proportional to the square roots of ihc torces; 
so that if (bo air in an air-gun be condensed only It) 
times, the velocity it will project a ball with, will be, by 
(hat rule,-^th of that arising from gun-povNdcr; and jf 
the air were condensed 20 times, U would communicate 
a velocity of yth of that of gun-powder. But in reality 
the air-gun shoots its ball with a much greater prcqiortion 
of velocity than as above, and for this reason, namely, 
that as tbe reservoir, or magazine of condensed air, i> 
commonly very large in pro(>ortion to the lube which con¬ 
tains (he ball, the density of the air is very little alteiCii 
by expanding through that narrow lube, and consequently 
the ball is urged all (he way by nearly tbe same uniform 
force us at the first instant; whereas the elastic fluid ari¬ 
sing from inflamed gun-powder is but very small in pro¬ 
portion to the tube or barnd of the gun, occupying at 
first indeed but a very small portion of it next ibc but- 
end ; and therefore, by dilating into a comparatively large 
space, asil urges the bull along the barrel, its clastic 
force is proportionally more weakened, and it acts always 
less and less on the ball in the tube. From which cause 
it happens, that air cot)dcn>ed into a good large machine 
only 10 times, will shoot ils ball with a velocity but little 
inferior to that given by the gun-powder. And if the 
valve of communication be smhlenly shut again by u 
spring, after opening it to let some air esca|>c, (hen (he 
same collection of it serves to impel many balls, one after 
another. 

In all cases in which a considerable force is required^ 
and coiis4*qucn(ly a great condensation of air, it will be 
requisite to have the condensing syringe of a small bore, 
perhaps not more, than half an inch in diameter: other¬ 
wise (he force to produce (he compression wilt become 
so great, (bat (he operator cannot work the machine: for, 
as the pressure against every square inch ia about 15 
pounds, nnd against every circular inch, pr r circle of 1 
inch diameter, about 12 pounds^ if the syringe be one 
inch in diameter, when one injection is made, (here will 
be a resistance of 12 pounds against the piston; when 
2, of 24 pounds; and when 10 arc inji'cted, there will 
be a force of 120 pounds to overcome; whcri^s 10 in¬ 
jections act against the half-inch piston, whose area is 
but ^ of the former, with ^ of the force only, namely, SO 
pounds; and 4U injections may be made with such a sy¬ 
ringe, as well as 10 with (he larger. 

Air-guns are of various constructions: an easy and 
portable one is represented in Plate 2, fig. 1, which is a 
section lengthways through tbe axis, to show tbe inside. 
It is made of brass, and has two barrels: the inner b^rel 
D A of a small bore, from which the bullets are dis¬ 
charged ; and a larger barrel £ s c D a, on the outside of 
it. In the stock of the gun there is a syringe 
whose rod m draws out to take in air; and by pushing it 
in again, the pisloo sw drive*! the air before through 
the valve pb, into the cavity bt*tween the two barrels. 
The ball k is put down Into its place in the small barrel, 
with the rammer^ as in another gun. There is another 
valve at si, which, being opened by the trigger o, pei^ 
mits tbe air to come behind .the ball,, so as to drive it oHt 
with great force. If this valve ba opened and shut 
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,lcnly. one charge of condensed air may make several d.s- sivc 
charges of bullets; because only part of the injected air 
then goes out at a time, and another buUel may be put on 
into the place k; but It the whole air be discharged on a mg 
Single bullet, It will impel it mote forcibly. 1 his dis¬ 
charge is effected by means of a lock (fig. 2) when fixed 
to Its place as usual in other guns; for the trigger 
pulled, the cock will go down, and drive a lever which 
opens the valve. 

Dr. M.-icbridc (ICxper. luss. p.Sl) mentions an improvc- 
ment of the air-gun, made by Dr. Ellis; in which the 
chamber for containing the condensed air is not in the 
slock, which rentiers the machine heavy and unwieldy, 
but has live or six hollow spheres belonging to it, of about 
3 inches diiimetcr, fitted to a screw on the lock of the 
gun. These spheres are contrived with valves, to confine 
the air which is forced into their cavities, so that a set- 
VHiit may carry them ready charged with ctnidensed air: 
and thus the gun of this construction is reiulcred as light 
and portable as one of the smallest fowling-pieces. 

Fi<». 3 represents one made by the late Mr. U. Martin 
of London, and now by several of the matlienialical in¬ 
strument and gun-makers of the metropolis ; which, for 
simplicity and perfection, perhaps exceeds any other that 
has been contrived, a is the gun-barrel, of the size and 
weight of a common fowling-piece, with the lock, stock, 
and ramrod. Under the lock, at b, is a round steel tube, 
having a small moveable pin in the instde, which is push¬ 
ed out when the trigger a is pulled, by tiie spriiigwork 
within the lock; to this tube b is screwed a hollow cop¬ 
per ball, perfectly air-tight. This copper ball is fully 
charged with condensed air by means of a syringe, before 
it is applied to the tube b, lienee, if a bullet he ramiiicd 
down in the barrel, the.copper ball screwed fast at b, and 
the trigger a be pulled; the pin in b then will forcibly 
push open a valve within the copper ball, and let out a 
portion of the condensed air; which will rush up through 
the aperture of the lock, and forcibly act against (he 
bullet, driving it to the distance of GO or 70 yords, or 
farther. If the air be strongly condensed at every dis¬ 
charge, only a portion of the air escapes from the bail; 
therefore, by ro-cocking the piece, another discharge may 
be made; and this repeated 15 or iG times. An addi¬ 
tional barrel is sometimes made, and applied for the dis¬ 
charge of shot, instead of the ball above described. 

Sometimes the syringe is applied to the end of the bar¬ 
rel c (fig. 4); the lock and trigger shut up in a brass case 
d\ and the trig^r pulled, or the discharge made, by pull¬ 
ing the chaino. In this contrivance there is a round 
chamber for the condensed air at the end of the spring at 
e, and it has a valve acting in a similar manner tp that of 
the copper ball. When this instrument is not in use, the 
brass case d is made to slide off, and the instrument then 
becomes a walking-stick: from which circumstance, and 
the barrel being made of cane, or brass, &c, it has been 
called the Air^ont, The bead of the cane unscrews and 
takes off at a, where the extremity of the piston-rod in 
the barrel is shown. An iron rod is placed in a ring at 
the end of this, and the air is condensed in the barrel in 
a maimer similar to that of the gun as above; but its 
force and action is not near so strong as in the gun. 

Magazine AiR-&<n. This is an improvement of the 
common air-gun, made by an ingenious artist, L. Colbe. 

By his contrivance, ten bullets are so lodged in a cavity, 
luar the place of discharge, that they , may bo succes- 


...vly drawn into the barrel, and shot so quickly, as to be 
nearly of the same use as so many different guns; the 
W motion required, after the air has been injected, b^ 

» that of shullirtgand opening the hammer, and cock- 
inft and pulling the trigger. Fig. 5 is a longitudinal see- 
tion of this gun, as large in every part as the gun itself; 
and as much of its length is shown as is peculiar to this 
construction; the rest of it being like the ordinary air- 
puii. r. E is part of the slock; o is the end of the m- 
l. ciiii^ syringe, with its valve ii, opening into the cavity 
»-rr between the barrels, kk is the small or shooting 
barrel, which receives the bullets, one at a time, Iroin the 
magazine D R. being a serpentine cavity, in which the bul¬ 
lets b,b,b,bic, are lodged, and closed at the end o; 
whence, by one motion of the hammer, they arc brought 
into the barrel at l, and thence are shot out by the open- 
ina of the valve v, which lets in the condensed air from 
the cavity f ff into the channel v K i, and so along the 
inner bairel K k K, whence the bullet is discharged. si 
M * is the key of a cock, having a hole through it; which 
hole, in the present situation, makes part of the barrel 
K K, being just of the same bore: so (hat the air, which 
is let in at every opening of the valve v, comes behind 
this cock, and taking the ball out of it, carries it forward, 
and so out of the mouth of the piece. 

To bring in another bullet to succeed i, which is clone 
ill an instant, bring the cylmdiical cavity of the key of 
the cock, which made part of the barrel rkk, into the 
situation i k, so that the part l may be at k; then turn¬ 
ing the gun upside-down, one bullet next the cock will 
fall into it out of the magazine, but will go no farther 
into this cylindrical cavity, than the two little pieces s» 
will permit it; by which means only one bullet at a lime 
will be taken in to the place i, to be discharged again as 
before. • 

A more particular description of the sevcTal parts 
may be seen in DcsaguUcrs’ Exper. Philos, vol. ii. pa. 399 
cl seq. , 

AiR-Puur,in Pneumatics, is a machine fur exhausting 
the air out of a proper vessel, and thus making what is 
commonly called a vacuum ; though in n'niity the air in 
the receiver is only rarefied to a certain degree, so as to 
take off the ordinary effects of the atmosphere. By this 
machine we leant, in some measure, what our earth would 
be without air; and bow much all vital, generative, nu¬ 
tritive, and alterative powers depend upon it. 

The principle on which the air-pump is constructed, is 
the spring or elasticity of the air; os that on which (he 
common, or water pump is formed, is the effect of its 
gravity: the one gradually exhausting the air from a vesr 
8«1 by means of a piston, with a proper valve, working^ in 
a cylindrical barrel or tube; and the other cxhauslitijg 
water in a similar manner. 

The invention of this instrument, to which the present 
age is indebted for so many fine discoveries, is ascribed to 
Otto Guericke, the celebrated magistrate of M^deburg, 
who exhibited his first public experiments with it, before 
the emperor and the states of Germany, at the breaking 
up of the imperial diet at Ratisbon, in the year 1654. 
But it was not till the year 1672 that Guericke published 
a description of the instrument, with an account of his 
experiments, in his Experimenta Nova Magdcbui^ica de 
Vacuo Spatia: though an account of them bad been pub¬ 
lished by Sebottus in 1657, in his Mcchanica HydrauUco 
Paeumatica, by his consent. 
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Dr. Hooke and M. Duhamcl ascribe the invention of 
the air-pump to Mr. Boyle. But that great man frankly 
confesses that Guericke was beforehand with him in the 
execution. Some attempts, he assures us, he had indeed 
made on the same foundation, before he knew any thing 
of what had been done abroad: but the information he 
afterwards received from the account given by Schottus, 
enabled him, with the assistance of Dr. Hooke, after two 
or three unsuccessful trials, to bring his design to matu- 
nty. The product of their.labours was a new air-pump, 
much more easy, convenient and manageable, than the 
German one. And hence, or rather from the great va¬ 
riety of experiments to which this illustrioxjs author ap¬ 
plied tlie machine, it was afterwards called Machina 
Boyliana, and the vacuum produced by it, Vacuum Boy- 
lianum. 

Stn/cittre qf the Air-Pump. Most of the air-pumps that 
were first made consisted of only one barrel, or hollow 
cylinder, of brass, with a valve at the bottom, opening 
inwards; and a movrable embolus or piston, having like¬ 
wise a valve opening upward-, and so exactly fitted to the 
barrel, that when it is drawn up from the bottom, by 
means of an indented iron rod or rack, and a handle 
turning a small indented wheel, playing in the teeth of 
that rod, all the air is drawn up from the cavity of the 
barrel: there is also a small pipe opening into the bottom 
of the barrel, by means «if which it communicates with 
any proper vmel to be exhausted i>f air, which is called 
a receiver, from its office in receiving ilie subjects on 
which experiments are to be made in vacuo: the whole 
being fixed in a convenient frame of wood-work, where 
the end of the pipe turns up into a horizontal plate, on 
which the rr^eiver is place*), just over ti at end of it. 

^ The other ports of the machine, being only accidental 
circuiiistJinces, chiefly respecting convenicncy, have been 
diversified and improved from time to lime, according to 
•the midress and several views of the makers. Thai of 
Otl*> Guericke was very rude and inconvenient, rc(|uiring 
the labour of two strong men, for more than two hours, 
to extract the air from a glass, which was also placed un¬ 
der water; and which allowed of no change of subjects 
for experiments. 

Mr. Boyle, from lime to time, removed several of these 
inconveniences, and lessened others: but still lh<r work¬ 
ing of his pump, which had but one barrel, was labori¬ 
ous, by rcawn of the pressure of the atmosplnTe, a great 
part of which was to be removed at every lift of the pis¬ 
ton, when the exhaustion was nearly completed. Various 
improvements were successively made in the machine, by 
tbe philosophers about that time, and soon after, who 
culUratcd this new and important hranch of pneumatics; 
as Papin, Mersenne, Mariotle, and others; but still they 
laboured under a difficulty of working them, from the 
circunutonce of the single barrel, till Papin, in his fur¬ 
ther improvements, removed that inconvenience, by the 
use of a second barrel and piston, contrived to rise, as 
tbe other fell, and to fall as that rose; by which means, 
and the gri-at improvements made by Mr. Hauksbec.'the 
pressure of the atmosphere on the descending piston, al¬ 
ways nearly balanced that of the ascending one; so that 
the winch, which worked them up and down, was easily 
moved by a. wry gentle force with one hand ; and besides, 
the exhaustion was hereby made in less than half the time. 

Some of the Germans, and others also, made improve- 
mentt io the aifpurop, and-contrived it to perform the 


counter oflice of a condenser, in order to eNaminc tin- 
properties of the air depending on its coiidensatton. 

Mr. Boyle contrived a mercurial gauge or index to i|j<, 
air-pump, which is described in his first and second Fhv- 
sico-Mechanical Continuation-, (or measuring the degre* s 
of the air's rarefaction in the receiver. This cauge is si¬ 
milar to the barometer, being a long glass tube, hfiMii*' 
its lower end immersed in an open bason of quicksilver, 
but its other end, which was open also, communicating 
with the receiver: which being exhausted, this tube is 
equally exhausted of air at the same time, and the ex¬ 
ternal air presses the quicksilver up into the lube, to a 
height proportioned to the degree of exhaustion. 

Mr. Vream, an ingenious pneumatic operator, made 
an improvement in Hauksbec's air-pump, by reducing the 
alternate up-and-down motion of the hand and winch, to 
a circular one. In his method, the winch is turne*l quite 
round, and yet the pistons are alternately raise*! and de¬ 
pressed: by which the trouble of shifting the hand back¬ 
wards and forwards, as well as the loss of time, and the 
shaking of the pump, are pn-vented. 

The air-pump, thus improved, is represented in plate iii, 
fig. 1; whereoo is (he receiver to be exhausted, ground 
truly level at the bottom, set over a hole in the plate, 
from which descends the bent pipe A A to the cistern dd, 
with which the two barrels o a communicate, where the 
pistons are worked by a tooth*“d wheel, by turning the 
handle bb\ thus the racks cc, with the pistons, arc worked 
alternately up ami down. U is the gauge tube, immenved 
in a bason of quicksilver m at the bottom, and communi¬ 
cating with the n-ceiver at top; trom which however it 
may be occasionally disensaged, by turning a cock. Ami 
n is another cock, by turning of which, the air is again 
let in to the exhausted receiver; into which it is heard to 
rush with a considerable hissing noise. 

Notwithstanding the great excellency of Mr. Hauksbec's 
air-pump, it was still subject to incdnvenicnces, from 
which it was in a great measure relieved by s«imc contri¬ 
vances of Mr. Smeaton, which are described at large in 
the Philos. Trans, for the year 1752. 'I'he principal im¬ 
provements suggested by Mr. Smeaton, relate to the gauge, 
the valves of the piston, and the piston going closer down 
to the bottom of the barrel; for his pump has only one. 
By the last of thest-, the air was extracted more perfectly 
at each stroke. By the second, he remedied an inconve¬ 
nience arising from the valve hole of (he piston brin*» too 
wide properly to support the bladder valve w hich covered 
it: instead of the usual circular orifice, Mr. Smeaton per¬ 
forated the piston with seven small and equal hexagonal 
holes, one in the centre, and the other six around, forming 
together the appearance of a transverse section of a ho¬ 
ney-comb; the bars or divisions between which served to 
support the pressure of the air on the valve. His gauge 
consists of a bulb of glass, of a pear-like shape, and ca¬ 
pable of holding about half a pound of quicksilver; it is 
open at the lower end, the other terminating in a lube 
hermetically scaled : and it has annexed to it a scale, di¬ 
vided into parts of about of an inch, and answering to 
tbe lOOOth part of the whole capacity. During the ex¬ 
haustion of the receiver, the gauge is suspended in it by a 
wire; but when the pump has been worked as much as 
necessary, tbe gauge is pushed down, till the open end be 
immersed in a bason of quicksilver placed below. The 
air is then let into the receiver again, and the quicksilver 
is driven by it from the bason, up into the gauge, till the 
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an- nmiMi.ii.n become of ihc snmc clcns.ty as hat 

o.tboot; >.ml as tbc air always takes the P **' ’ 

(l,c lube being upiK-rmosl, the expansion is acterm ne. by 

ihc number of divi>ions occupud by ihe air at ihe toj . 
•ibis air-pump is made toad also asa condchsmg engine, 
as some German machmcs had done before, by t c >cr) 

simple <ipcration of turning a cock. 

IJy means of this gauge, Mr. vSmeaton judged tnat Ins 
machine was incomparably belter than any former on*, 
as It seemed to rarely ihc air in the receiver lOuO.orevcii 
2000 times, while the best of these only rarefied it about 
140 limes: and as an implicit confidence was placed in 
Mr. Smcatoii’s accuracy, it nns generally understood in 
this lielit, till the fallacy was accidentally detected in the 
manner related at large by Mr. Nairne in the 1‘lnlos. 
Trans, for the year 1777. This accurate and ingenious 
artist wanting to make trial of Mr. Smeaton’s pear-gauge, 
cxcciiled an'^uir-punip of his improved construction, i« 
the best manner possiblej 'vhich, in various experiments 
made with it, appeared, by the pear-gauge, to rarefy the 
air to an amazing *lcgrce indeed, being at times from 4000 
to 10000, or 50000, or even lOOOOO times rarefied. Rut, 
on measuring the same expansion by the usual long an.l 
short tube gauges, which both accurately agreed toge¬ 
ther, he found that these never showed a rorefaction of 
more than 600 times: widely difftreiit from the same as 
measured by the pear or internal gauge, by experiments 
often repented. ‘ Finding,' says Mr. Nairne, ‘still this dis- 
agreement between the pear-gauge and tbc other gauges, 

I tried a variety of experiments; but none of them ap¬ 
peared to me satisfactory, till one day in April 1770, when 
showing an experiment wilh one of lUesc pumps to the 
honourable Henry Cavendish, Mr. Smeaton, and several 
other gentlemen of the Royal Society, the two gauges dif¬ 
fered some thousand limes from one another, Mr. Caven¬ 
dish accounted for it in the following manner. “ It ap¬ 
peared, be said, fftim some experiments of his father’s, 
Lord Charles Cavendish, that water, whenever the pres¬ 
sure of the atmosphere on it is diminished to a certain 
degree, is immediately turned into vopour, and is as im¬ 
mediately turned back again into water on restoring the 
pressure. This degree of pressure is different according 
to the heat of the water: when the heat is 72* of Fahren¬ 
heit's scale, it turns into vapour as soon ns the pressure 
is no greater than that of three tpiaricrs of an inch of 
quicksilver, or about l-40tb of the usual pressure of the 
atmosphere; but when the heat is only 41", the pressure 
must be reduced to that of a quarter of an inch of quick¬ 
silver before the water turns into vapour. It is true, that 
water exposed to the open air, wilf evaporate at any beat, 
and with any pressure of the atmosphere; but that eva¬ 
poration is entirely owing to tbc action of the air upon 
It; whereas the evaporation hero spoken of is performed 
without any assistance from the air. Hence It follows, 
that when the receiver is exhausted to the above-men¬ 
tioned degree, the moisture adhering to the different parts 
of the machine will turn into vapour, and supply the 
place of the air, which is continually drawn away by tbc 
working of the pump; so that the fluid in the peaivgaugc, 
as well as that in the receiver, will consist in a great mea¬ 
sure of vapour. Now letting the air into the receiver, all 
the vapour within tbc pear-gauge will be reduced to wa¬ 
ter, and only tbc real air will remain uncondensed \ con¬ 
sequently the pear-gauge shows only how much real air is 
left in the receiver, aod not how much the pcssuro or 


...ring of the included fluid is diminished; whereas the 
comiLn gauge's show how much the pressure of be in¬ 
cluded fluid IS diminished, and that equally, whether it 
consist of air or of vapour.” Mr. Casendish having ex¬ 
plained so satisfactorily the cause of 
iween the two gauges, Mr. Nairne cons.dcre^ 
were to avoid moisture as much as possible, the two 
gauges should nearly agree. Audio fact they v^rc found to 
do so, each showing a rarefaction of about 600, when all 
moisture was perfectly cleared away from the.pump, and 
the plate and the edges of the receiver were secured by a 
cement, instead of setting it upon a soaked lecher, as m 
the usual way. But, by future cxpenmciits, Mr. Nairne 
found that the same excellent machine would not exhaust 
more than 50 or 60 times, when the receiver was set upon 
leather soaked in water, the heat of the room being about 
570 And from hence he concludes, ibat the air-vump 
of Otto Guericke, and those contrived by Mr. Gratorix 
and Dr. Hooke, and the improved one by Mr. Papin, both 
used by Mr. Boyle, as also Hauksbcc's, Gravesandc s. 
Musclu nbrocck’s, and those of all who have used water 
in the barrels of their pumps, could never have exhausted 
to more than between 40 and 50, if the heal of the place 
was about 57®. And though M r. Smeaton, with his pump, 
where no water was in the barrel, but where leather soak¬ 
ed in a mixture of water and spirit of wine was used on 
the pump-plate, to set the receiver upon, may have cx- 
hausleil all but a tliousandlh, or even a ten-tiiousandtU 
part of the common air, according to tbc testimony of bis 
pear-gauge; yet so much vapour must liavc arisen from 
the w-et loatUcr, that the contents of tbc receiver could 
never be U-ss than a 70th or 80ih part of the density of 
the atmosphere. But when nothing of moi«luit: is used 
about this maCbine, it will, when in its greatest perfection, ' 
rarefy its contents of air about 600 limes. 

h is evident that, by means of these two gauges, we can 
ascertain the several quantities of vapour and permanents 
air which make up the contruts of the receiver, after the 
exhaustion is mudeus perfect as can be; for the usual ex- 
lernal gauge determines the whole contents made up of 
the vapour and air, while the pcar-gaugc shows the quan¬ 
tity of real permanent air; consequently the diflerence is 
ihe quantity of vapour. 

The principal cause which prevents tins pump from ex¬ 
hausting beyond the limit above mentioned, is the weak- 
cned elasticity of the air within tbc receiver, which, de¬ 
creasing in proportion as the quantity of the air within is 
diminished, becomes at last incapable of lifting up the 
^Ive of communication bctwi^n the receiver and the bar¬ 
rel ; and consequently no more air can then pass from the 
former to the latter. 

Several ingenious persons have used their endeavours 
to remove this imperfection-in the best air-pumps. 
Among these it seems that one Mr. Haas has succeeded 
tolerably well; having by means of a contrivance to open 
the communication valve in the bottom of tho barrel, 
made his machine so correct, that when every thing is in 
tbe'grcaicst perfection, it rarefles the contents of tho re¬ 
ceiver as far as 1000 times, even when measured by the 
exterior gauge. The description of this machine, and an 
account of some experiments performed with it, are given 
by Mr.iihivello in tho Philos. Trans, for tb»ycar 1783. 

But tho imperfections it seems have more recently been 
removed by an ingenious contriv^ce of Mr* Cuthb^tson, 
a mathematical instrument maker at Amsterdam, now of 
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Lon<lou, whose air-pump has neither cocks nor valves, 
and is so constructed, that what supplies (heir place has 
the advantages of both, without the inconveniences of 
either* He has also made improvements in the gauges, 
by means of which be determines the height of the mer¬ 
cury in the tube, by which the degree of exhaustion is in¬ 
dicated, to the hundrcHlth part of an inch* And to obvi¬ 
ate the inconvenience of the elastic vapour arising from 
the wet leather, upon which the receiver is placed, for 
common exporiiuents, he recommends the use of leather 
dressed with alum, and soaked iii hog's lard, which he 
found to yield very little of this vapour; but when the 
utmost degree of exhaustion is nquirod, his advice is, to 
dry the rccei>ei* well, and set it upon the plate without 
any leather, only smearing its outer edges with hog^s lurd, 
or with a mixture of (lirc^i^ pans of hog's lard and one of 
oiL But indeed the use of the leather has long been laid 
aside by our English instrument*m.tkcrs, a circumstance 
which probably had not come to Mr Cuthbertson's know- 
* ledge. An account ot this instrument, smd of some expo- 
rimencs performed with it, whs {mbiished at Amsterdam in 
(be year 1767; from which it appears (hat, by a coinci¬ 
dence of the several gauges, a mrefaetton of (200 times 
was shown; but when the atmosphere was very dry, the 
cxbauvlionhiis beensocomplete,that the gauges haveshown 
the air in the receiver to be rarelicd above 2400 times* 

There are made also by diOcrent persons, portable, or 
small air-pumps, of various constructions, to set upon a 
table, to perform experiments with* In thesis riie gauge 
is varied according to tiie fancy of the maker, but com¬ 
monly it Consists of a bent glass tube, like a syphon, open 
only at one end* The gauge is placed under a small rc« 
ceiver communicating, by a pipe, with the principal one 
leading from the general receiver to the barrels*- The close 
end of the gauge, of 3 or 4 inches long, before the exhaus¬ 
tion, has the quicksilver forced close *up to the top by the 
pressure of the air on the open end ; but when the ex¬ 
haustion is considerably advanced, it begins to descend, 
and then the difference of the heights of the quicksilver in 
(he two tegs, compared with the height in the barometri¬ 
cal tube, determines the degree of exhaustion: so, if the 
difference between the two be one inch, when the barome¬ 
ter stands at 30, the air is rarefied 30 times; .but if tho 
difference be only half an inch, the rarefaction is 60 times, 
and to on* See Plate iii* fig*> 2. 

The Use cff the Air-Pump. In whatever manner or form 
this mHchine is made, the use and operation of it are al¬ 
ways the same* The bandlo, or winch, works the rackbar 
and piston up and down in the barrel; by which means 
a barrel of the contained air is drawn out at every stroke 
of the pistODi in (he following manner: by pushing the 
piston down to the bottom of the barrel, where the air is 
prevented from escaping downwards, by its elasticity it 
opens the valve of the piston, and escapes upwards; then 
raising the wton up, the external atmosphere shuts down 
its valve, an?a vacuum would be made below it, but for 
the air in the receiver, pipe, icc, which now raising.tho 
valve in (he bottom of the barrel, rushes io and fills it 
again, till the whole air in the receiver and barrel be of 
one uniform density, but less than it was before the stroke," 
in proportion as the sum of all the capacities of the rccei^ 
ver. pipe, and barrel together, is to the same sum wanting 
the barrel* And thus the air in the receiver is dimioiAed 
at stroke of the piston, by the quantify or content of 


the barrel or cylinder, and therefore always in tiic saijir 
proportion: so that by thus repeating the operation a 
number of times, the air is rarefied to any propose d de¬ 
gree, or till it has not elasticitycnough to open the valve of 
the piston or of the barrel, after which the exhaustion 
cannot be any farther carried on : the gauge, in compa¬ 
rison with the barometer, showing at any time what 
the degree of exhaustion is, according to the particular 
nature and construction of it. 

But supposing no vapour from moisture, Ac, to rise in 
the receiver, the degree of exhaustion, aitvr aij) numberof 
strokes of the piston, may be dcterminc<l b) kTun\ing the 
respective capacities of the barrel and the receiver, inclu¬ 
ding the pipe, Ac. For as wc have seen abo>e that every 
stroke dimini>he$ the density in a constant proportion, 
namely as much as the whole content exceeds that of the 
cylinder or barrel; consequently the sum of as many di¬ 
minutions as there ai'C strokes of the piston, will show the 
whole diminution by all the strokc^s. So, if the capacity 
of the barrel be equal to that of the receiver, in which the 
communication pipe is always to be included ; then, the 
barrel being half the sum of the whole contents, half the 
atr will be drawn out at one stroke; and consequently the 
remaining hall, being dilated through the whole or first ca¬ 
pacity, will be of only half the density of tho first: ia 
like manner, after the second stroke, the density of the 
remaining contents will bo only half that of the former, 
that is only of the original density : continuing this ope¬ 
ration, it follows that the density, of the remaining air will 
be after 3 strokes of the pistol), after 4 strokes, 
after 5 strokes, and so on, according to the powers of the 
ratio that is, such potver of the ratio as is denoted by 
the number of the strokes* In like manner, if the barrel 
be of the whole contents, that is, the receiver double of 
the barrel* or y of tho w hole contents; then the ratio of 
diminution of density being the density of the contents, 
after any number ot strokes of the piston, will be denoted 
by such power of y whose exponent is that number; 
namely, the density will be | after one stroke, (|)* or $ 
after two strokes, or ^ after 3 strokes^and in general 
it will be after n strokes: the ori^inalN^ensity of the 
air being 1* Hence then, universally, if# denote the sum 
of the contents of the receiver and barttd, and r that of 
the receiver only without the barrel, and n any numberof 
strokes of the piston ; then, the original density of the air 

being 1, the d«nsity after n strokes will bo (—)* or—, 

namely the n power of the ratio So, for example,if the 

capacity of the receiver be equal to 4 times that of the bar¬ 
rel ; then their sum * is 5, and r is 4; hence the density of 
the contents after 30 strokes, will be (f)*®, ortheJOih 
power off, which is xir nearly ; so that the air in the re¬ 
ceiver is rarc6ed 808 times. 

Sec also tho Memoires de I’Acad. Royalc des Sciences 
for the years 1693 and 1705. 

From the same formula, namely (-j) = d the density, 

wc easily derive a rule for finding the number of strokes of 
the piston, necessary to rarefy the air any number of 
y limes, or to reduce it to a given density d, that of the na¬ 
tural air being 1. For since (y) = d, by taking the lo¬ 
garithm of this equation, it is n x log. of ^ s log. of d ; 

i_a ^ 
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and hence n = *°6- 

S 

of the proposed density by the log. of the ratio of the rc« 
criver to the sum of the receiver and barrel together, and 
the quotient will show the number of strokes of the pi^on 
requisite to pioduC- the degree of exhaustion required. 
So, for example, if the receiver be equal to 5 times the bar¬ 
rel, and it be proposed to tin<l bow many strokes of the 
piston will rarefy the air 100 times; then r = 5, r = f), 

dsa whose log. is ~ 2, and 7 = J. ^ 

— -07918; therefore = 25iriearly, which is the num¬ 
ber of strokes required. 

And, farther, the same formula reduced, will give us 
the proportion between the receiver and barrel, when the 
air is rarefied to any degree by an assigned number of 

strokes of the piston. For since (—^ = d the density, 

therefore, extracting the n root of both sides, it is — ~ : 

that is, the n root of the density is equal to the ratio of 
the receiver to the sum of the receiver and barrel. So, if 
the density d be t-Jj, and the number of strokes n = 7 ; 
then the 7tli root of is which shows that the re¬ 

ceiver is equal to half the receiver and barrel together, or 
that the capacity of the barrel is just equal to that of the 
receiver. 

Some of the principr) cficcU and phtenomena of the 
air-pump, are the following: Thot, in the exhausted re¬ 
ceiver, heavy and light bodies fall equally sxvift: so, a 
guinea and feather fall from the top of a tall receiver to 
the bottom exactly together. That most animals die in a 
minute or two: but however, That vipers and frogs, 
though they swell much, live an hour or two; and after 
being seemingly quite dead, come to life again in the open 
air. That snails survive about 10 hours; efts, or slow- 
W'orms, two or three days; and leeches ^vc or six. That 
oysters live for 24 hours. That the heart of an cel taken 
out of the body, continues to beat for great part of an 
hour, and that more briskly than in the uir. That warm 
blood, milk, gall, Ac, undergo a considerable intumescence 
and ebullition. That a mouse or other animal may be 
brought, by degrees, to survive longer in u rarefied air, 
than naturally it does. That air may retain its usual 
pressure, after it is become unfit for respiration. That 
the eggs of silk-worms hatch in vacuo. That vegetation 
Stops. That fire extinguishes; tho flame of a candiu 
usually going out in one minute; and a charcoal in about 
five minutes. That red-hot iron, however, seems not to 
be aflcctcd; and yet sulphur or gun-powder arc not 
lighted by it, but only fused. That a match, after lying 
M'ciningly extinct a long time, revives again on re-admit* 
ting the air. That a flint and steel strike sparks of fire as 
copiously, and in all directions, as in air. That magnets, 
and magnetic needles, act the same in air. That the 
smoke of an extinguished luminary gradually settles to 
the bottom in a darkish body, leaving the upper part of 
the receiver clear and transparpot; and that on inclining 
tho vessel sometimes to one side, and sometime* to another," 
the fume preserves its surface horizontal, after the nature 
of other fluids. That heat may be produced by attrition. 
'I'hat camphire will not take fire; and that gun-powder, 
though some of the grains of a heap of it be kindled by a 


burning glass, will not give fire to the contiguous grainy 
That glow-worms lose their light in proportion as the air 
is exhausted, and at lengtli become totally obscure ; but 
on rc-admittiDg the air, they presently recover it all. 
That a bell, on being struck, is not heard to ring, or very 
faintly. That water freezes. But that a syphon will not 
run. That electricity appears like the aurora borealis. 
With multitudes of other curious and important particu¬ 
lars, to be met with in the numerous writings on this ma¬ 
chine, namely, besides the Philos. Transactions of most 
academies and societies, in the writings of Torricelli. 
Pascal.Merscnnc, Guericke, Schottus, Boyle, Hooke, Du- 
bamel, Mariotte, Hauksbee, Hales, Muschcnbroeck. 
Gravesaude, Desaguliers, Franklin, Coles, Helsham, and 
a great many other authors. 

Air-Vessel, in Hydraulics, is a vessel of air contained 
within some water engines, which being compreswd, by 
forcing in a considerable quantity of water, will, by its uni¬ 
form spring, force it out at the pipe in a constant uninier- 
rupled stream, to a great height. , 

Air-vessel too, in the improved fire enpnes, is a me¬ 
tallic cylinder,placed between the two forcing pumps: by 
the action of the pistons the water is forced into this ves¬ 
sel, through two other pipes, with valves; then the air, 
previously contained in it, is compressed by the water, in 
proportion to the quantity admitted, and this, by its 
spring, forces the water through a pipe by a constant and 
equal stream; whereas in the common squirting engine, 
the stream is discontinued between the several strokes* 
AJUTAGE, or Adjutage, in Hydraulics, part of the 
apparatus of a jet d'eau, or artificial fountain: being a 
kind of tube fitted to the aneiturc or mouth of the cis¬ 
tern, or the pipe; through which the water is to be 
played in any direction, and in any shape or figure. 

It is chicifly the diversity in the ajutage, that makes the 
diflerent kinds of fountains. So that, by having several 
ajutages, to be applied occasionally* one fountain is made 
tu have the eflect of many. 

Mariotte,Gravcsnnde, Desaguliers,and Buat,have written 
pretty fully on the nature of ajutages, or spouts for jets 
d'eau, and especially the fonnqr. He affirms, from expe¬ 
riment, that an even polished round hole, made in the Inin 
end uf a pipe, gives a higher jet than cither a cylindrical 
or a conical ajutage; but that, of these two latter how¬ 
ever, the conical is belter than the cylindrical figure. See 
his Traitfi du Mouvement dcs Eaux, part 4 . 

The quantity of water discharged by ajutnges of equal 
area, but of dilTcrcnt figures, is the same. And for like 
figures, but of different sizes, the quantity discharged, is di¬ 
rectly proportional to the area of the ajutage, or to the 
square of its diameter, or of any side or other linear di¬ 
mension : so, an ajutage of a aouble diameter, or side, 
will discharge 4 times the quantity of water; of a triple 
diameter, 9 limes the quantity; and so on; supposing 
them at an equal depth below the surfa(» or head of 
water. But if the ajutage be at diflerent depths below the 
hfiad, then the celerity with which the water issues, and 
consequently the quantity of it run out in any given time, 
is directly proportional to the square root of the altitude 
^ of tho head, or depth of the hole: so at 4 times tho depth, 
^ the celerity and quantity is double; at 9 times the depth, 
triple;-and so on. 

It has been found that jets do not rise quite so high as 
the head of water; owing chiefly to tho resistance of tho 
air against it, and tho pressure of the upper parts of the 
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jet upon the lower: and for ibis reason it is, that if the di¬ 
rection of the ajutage be turned a very little from the per¬ 
pendicular, it is found to spout rather higher, than when 
the jet is exactly upright. 

It is found by experiment too, that the jet is higher or 
lower, according to the size of the ajutage ; that a circular 
hole of about an ihch and a quarter in diameter, jets 
highest; and that the nearer that size, the better. Expe¬ 
rience also shows, that the pipe leading to the ajutage, 
should be much larger than it; and if the pipe be a long 
one, that it should be wider the farther it is from the 
ajutage. 

For the other circumstances relating to jets and the is- 
' suing of water under various circumstances, see Eth aus- 
Tiox, Flux, Fountaix, Jet d’Eau, Ac, to which they 
more properly belong. 

ALBATEGNI, an Arabic prince of Batan in Mesopo¬ 
tamia, who was a celebrated astronomer, about the year 
of Christ 880, as appears by his observations. He is also 
called MubamnTcd ben Geber Albatani, Mahomet the son 
of Geber, and Mubamedes Aractensis. He made astro¬ 
nomical observations at Antioch, and at Racah or Aracta, 
a town of Chaldea, which some authors call a town of 
Syria or of Mesoputamia. He is highly spoken of by Dr. 
Halley, as a vir admirandi acuminis, ac in adininistrandis 
observationibus cxe'rcitatissimus. ' 

Finding that the tables of Ptolemy were imperfect, he 
computed new ones, which were long used as the best 
among the Arabs: these were adapted to the meridian of 
Aracta or Racah. Albatcgni composed iniArabic a work 
under the title of The Science of the Stars, comprising all 
pants of astronomy, according to his own observations and 
those of Ptolemy. This work, translated into Latin by 
Plato ofTibur, was published at Nuremberg in 1537, with 
some additions anddemonstrations of Regiomontanus; and 
the same was reprinted at Bologna in 1645, with this 
author's notes. Dr. Halley detected many faults in these 
editions:-Philos;Trans, for 1693, N« 204. 

In this work, Albategni gives the motion of the sun's 
apogee since Ptolemy's time, as well as the motion of the 
stars, which he makes 1 degree in 7D years. He made the 
longitude of the first star of Aries to be 18® 2'; and the 
obliquity of the ecliptic 23® 35'. And upon Albategni's 
observations were founded the Alphunsine tables of the 
moon's motions; as* is observed by Nic. Muler, in the 
Tab. Frisicx, pa. 248. 

ALBERTUS Magnus, a very learned man in the 13lh 
century, who, afaong a multitude of books, wrote several 
oil the various mathematical sciences, as Arithmetic, Geo¬ 
metry, Perspective or Optics, Music, Astrology and As¬ 
tronomy, particularly under the titles, de sphiero, de asiris, 
de astronomia, item speculum astronomicuro. 

Albertus Magnus was born at Lawingen on the Danube, 
in Suabia, in 1205, or according to some in 1193 J and he 
died at a great age, at Cologn, November 15, 1280. 
Vossius and other authors speak of him os a great genius, 
and deeply skilled in all the learning of the age. His 
writings were so numerous, that they make 21 volumes in 
folio, in thf Lyons edition pf l6l5. He has passed also 
for the author of some writings relating to midwifery, Ac, 
under the title of De natura rerum, and Dc secretis mu- 
lierum, in which there are many phrases aftd expressions 
unavoidable on sUch a subject, which gave great ofience, 
and raised a clamour against him as tho supposed author, 
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and inconsistent with his character, being a Dominica'i 
friar, and sometime bishop of Ratisbon ; which dignity 
however he soon resigned, through his love for solitude, t * 
enter again into the monastic life. But the advocates ot 
Albert assert, that he was not the author of either of these 
two works. It must be acknowledged however, that there 
are, in his Comment on the Master of Sentences, some 
questions concerning the practice of conjugal duty, in 
which he has used some words rather too gross for chaste 
and delicate ears : but they allege what he liimself used to 
say Inhis own vindication, that became to the knowledge of 
so many monstrous things at confession, that it was impos¬ 
sible to avoid touching upon such questions. Albert was 
certainly a man of a most curious and inquisitive turn of 
mind, which gave rise to other accusations against him ; 
such as, that he laboured to find out the philosopher's 
stone; that he was a magician ; and that he made a ma¬ 
chine in the shape of a man, which was an oracle to him, 
and explained all the difficulties he proposed: the com¬ 
mon cant accusations of those times of ignorance and su¬ 
perstition. But having great knowledge in the mathema¬ 
tics and mechanics, by his skill in these sciences he pro¬ 
bably formed a head, with springs capable of articulate 
sounds : like the machines of Boctius and others. 

John Matihsus dc Luna, in his treatise De Rcrum Iii- 
ventoribus, has attributed the invention of fire-arms to 
Albert; but in this he is refuted by Naude, in his Apulo- 
gic dev grands hommos. 

ALBUMAZAR, otherwise called Aboassati, nml 
jAi'iiAR, was a celebrated Arabian philosopher and as¬ 
trologer, of the 9th or lOtb century, or according to some 
authors much earlier. Blancanus, Vossius, Ac, speak of 
him as one of the most learned astronomers of his time, or 
astrologer, which was then the same thing. He wrote a 
work Dc Magnis Conjunctionibus Annorum Revolution!- 
bus, ac eorum Perfectionibus, printed at Venice in 1515, 
at the expense of Melchior Scssa, a work chiefly astrolo¬ 
gical. 

He wrote also Introductio in Astronomiam, printed in 
the year 1489. And it H reported that he observed a 
comet in his time, above the orb of Venus. 

ALDEBARAN, the Arabian name of a fixed star, of 
the first magnitude, just in the eye of tho sign or constel¬ 
lation Taurus, or the bull, and hence it is popularly 
called the bull's eye. For the beginning of the year 
1800, its 

Right Ascension is. 66® 6' 5l^'l0 

Annual variation in ar. 0 0 51*31 

Declination . l6 5 52 00 K. 

And Annual variat. in Decl. 0 0 8*30 

ALDERAIMIN, a star of the third magnitude in the 
right shoulder of the constellation Cepheus. 

ALDHAFERA, or Aldbaplira, in the Arabian Astro¬ 
nomy, denotes a fixed star of the third magnitude, in the 
mane of the sign or constellation Leo, the lion. 

ALEMBERT (John le Rond d*). See Daleubkrt. 

ALFECCA, or Alfeta, a name given to the star com¬ 
monly called Luetda Coronze. 

ALFRAGAN, Alveroani, or Fakoant, a cele¬ 
brated Arabic astronomer, who fiourtshed about the year 
800. He was so called from the place of bis nativity, 
Fergan, in Sogdiana, now called Alaracanda, or Samar- 
cand, anciently a part of Bactria. He is also called Aii- 
med (or Muhammed) ben-Cotbair, or Katir. He wrote 
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.Lf- Elements of Astronomy, in 30 cliaptors or sections. 

•In this work the author chiefly follows Ptolemy, using 
the same liypothescs, and tl»c same terms, and frequently 

filing him. , 

There arc three Latin translations of Alfragan s work. 
The first \'as made in the 12th century, by Joannes His- 
palcnsis; atui was published at Ferrara in 1493, and at 
Nureniberi; >n 1537, with a preface by Melancthon. The 
second was by James Christman, from the Hebrew ver¬ 
sion of James Antoli, and appeared at Frankfort in 1590. 
Christman added to the first chapter of the work an am¬ 
ple commentary, in wljicli he compares together the ca¬ 
lendars of tlic Romans, the Egyptians, the Arabians, the 
Persians, the Syrians, and the Hebrews, and shows the 
correspondence of their years. 

The third and best translation was made by Golius, 
professor of mathematics and Oriental languagi-s at Ley¬ 
den: this work, which came out in l6'69, after the death 
of Golius, is accompanied .with the Arabic text, and 
many learned notes upon the first nine chapters; for this 
author was not spared to carry them farther. 

ALGAROTI, commonly called Count Algaroti, a ce¬ 
lebrated Italian of the last century, well skilled in Archi¬ 
tecture and the Newtonian philosophy, &c. Algaroti was 
born at Padua, but in what year has not been mentioned. 
Led by curiosity, as well as a desire of improvement, he 
travelled early into foreign countries; and was very young 
when he arrived in France in 1736'. It was here that he 
composed bis Newtonian Philosophy for the Ladies, as 
Fontcncllc had dune his Cartesian Astronomy, in the work 
entitled The Plurality of Worlds. IleVas much noticed 
by the king of Prussia, who conferred on him many marks 
of his esteem. He died at Pisa the 23d of May, 1764, 
ond gave orders for his own mausoleum, with this inscrip¬ 
tion upon it; Hie jacct Algarotus, sed non omnis. He 
was estc'cmed to be well skilled in painting, sculpture, 
and architecture. His works, which arc numerous, and 
on a variety of subjects, abound with vivacity, elegance, 
and wit: a collection of them has lately been made, and 
printed ot Leghorn ; but that for. which he is chiefly en¬ 
titled to a place ill this work is his Newtonian Philo¬ 
sophy for the Ladies, a sprightly, ingenious, and popular 
work. 

ALGEBRA is usually understood to be a general me¬ 
thod of resolving mathematical problems by means of 
equations. Or, it is a method of performing the calcu¬ 
lations of all kinds of quantities by means of general signs 
or characters. At finit, numbers and things were ex¬ 
pressed b^ their names at full length; but afterwards these 
were abridged, and the initials of the words used instead 
of them ; and, as the art advanced farther, the letters of 
the alphabet came to be employed as general representa¬ 
tions of all kinds of quantities. Other marks were also 
gradually introduced, to express all sorts of operations 
and combinations; so os to entitle it to different appella- 
tions^as, universal arithmetic, and litcralaritbrocfic, and 
the arithmetic of signs. 

The etymology of the name, Algebra, is given in vari¬ 
ous ways. It is, however, pretty generally considered, 
that the word is Arabian, and that from those people wc 
bad the name, as well as the art itself, as is testified by 
Lucas de Burgo, the first European author on this art, 
whose treatise was printed, and who also refers to former 
authors and masters, from whose writings be had leanied 


it. The Arabic name he gives it, is Alghcbra c Almu- 
cabala. which is explained lo signify the art of rcstitut on 
and comparison, or oppmition and restoration, or rwo u- 

tion ami equation, all which agree will enough with the 

nature of this art. Some, however, derive it from various 
other .Arabic woids; as troiu Geber, a celebraicd philo¬ 
sopher, chemisi, and malhcmatHian, to whom also they 
ascribe the invention of this science : and some denvc it 
from the word Geber. which, with the panicle at, makes 
Algeber, which is purely Arabic, and signifies the reduc¬ 
tion of broken numbera or fractions to integers. 

But Peter Ramus, in the beginning of Ins algebra, says, 
the name algebra is Syriac, signifying the art and doc- ^ 
trine of an exccllcnl man. For Geber, in Synac, is a 
name applied to men, and is someliincs a term of.bonour, 
as master or doctor.among us. That tlwre was a certain 
learned mathematician, who sent Ins algebra, wnilen in 
the Syriac language, to Alexander the Great, and he 
named it Almucabala, that is, the book of dark or myste¬ 
rious things, which others would rather call ilie*docinnc 
of algebra. And to this day the same book is in great 
estimation among the learned in the orii ntal 
by tb^ Indians who cultivate this art il is called aljabra. 
and alboret; though the name of the author himself is 
not known." But Ramus gives no authority for tins sin¬ 
gular paragraph. It has, however, on various occasions 
been distinguished by other names. Lucas Paciolus, or 
de Burgo, In Italy, called it I’Artc Magiorc: ditia dnl 
vulgo la Ucgola de la Cosa over Alghcbra c Alniucabnlu; 
calling it I’Artc Magiore, or the greater art, to dislmgtmh 
it from common arithmetic, which is called I Arte Mi- 
nore, or the lesser art. It seems loo that it had been 
long and commonly known in4bis country by the namo ^ 
Ucgola de la Cosa, or Rule of the Thing; whence came 
our rule of coss, cosic numbers, and ’sueh-likc terms. 
Some of his countrymen followed his denomination of the 
art • but other Italian and Latin writers called it Regula 
rei et census, the rule of the thing and the product, or 
the root and the square, as the unknown quantity in their 
equations commonly ascended no higher than the square 
or second power. From this Italian word centus, pro¬ 
nounced chaisut, came the barbarous word eenaitf, used 
by ibc Germans and othen, for quadratics; with the se¬ 
veral zenzic or square roots. And hence yi 
which arc derived from the letters ty ty c, the. initmis of 
reSy toizuSy culmSy <fT root, 8quarc> cube, came to he the 
signs or characters of these words: like as 5^ and 
derived from the letters R, r, bcciimc the signs of raUt- 

cality. , . r 

lUter authors, and other nations, used some the one ol 

those names, ond some another. It was also calU^ spe¬ 
cious arithmetic by Vicia, on account of the species, or 
letters of the alphabet, which he brought into general 
use; and by Newton il was called universal arithme¬ 
tic, from the manner in which it performs all arith¬ 
metical operations by general symbols, or indeterminate 

quantities. <. , • 

Some authors define algebra to be the art of resolving 
mathematical problems: but^this is the idea of analysis, 
or the analytic art in genemi, rather than of algebra, 
which is only one particular species of it. Indeed,, alge¬ 
bra properly consists of two parts: first, the method of 
calculating ma^itudes or quantities, ns represented by 1 
leticn or other characten; and secondly, the manner 
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ol applying tliCAc calculations in the solution of pro¬ 
blems. 

In algebra, as applied to the resolution of problems, 
the lirsi business is to translate the problem out of the 
common, into the algebraic language, by expressing all 
the conditions and quantities, both kiio\rn and un¬ 
known, by their proper characters, arranged in an equa¬ 
tion, or several equations if necessary, and treating the 
unknown quantity, whether it be number, or line, or any 
other thing, in the same way as if it were a known one: 
this forms the composition. Then the resolution, or ana¬ 
lytic part, is the disentangling the unknow n quantity from 
the several others with which it is connected, so as to re¬ 
tain it alone on one side of the equation, while all the 
other, or known quantities, are collected on the other side, 
and so giving the value of the unknown one. And as 
this disentangling of the quantity sought, is performed by 
the converse of the operations by which it is connected 
with the others, taking them always backwards in the con¬ 
trary order, it hence becomes a species of the analytic 
art, and is called the modern analysis, in contradistinc¬ 
tion to the ancient anal) sis, which chiefly respected geo¬ 
metry, and its applications. 

There have arisen great controversies and sharp dis¬ 
putes among authors, concerning t^e history of the pro¬ 
gress and improvements of algebra; arising partly from 
the partiality and prejudices which are natural to all na¬ 
tions, Hi^fl partly from the want of a closer examination 
of the works of the older authors on this subject. From 
th^tc causes it has happened, that the improvements made 
by the writers of one nation, have been ascribed to those 
of another; and the discoveries of an earlier author, to 
some oq,c of much later date. Add to this also, that the 
peculiur methods of many authoi-s have been described so 
little in detail, that our information derived from such 
histories is but very imperfect, and amounting only to 
some general and vague ideas of tbc true state of the arts. 
To reinc-dy this inconvenience therefore, and to reform 
this article, i have tpken the pains carefully to read over 
in succession all the older authors on the subject, which 
1 have been able to meet with, and to write down dis¬ 
tinctly a particular account and description of their se¬ 
veral compositions, as to their contents, notation, im¬ 
provements, ‘and peculiarities; front the comparison of 
all which, I have acquired an idea more precise and ac¬ 
curate than it was possible to obtain from other histories, 
and in a great many instances very different.from them. 
'11)0 fuU detail of these descriptions would employ a vo¬ 
lume of itself, and would be far .too extensive for this 
place: I must therefore limit this article to n very brief 
abridgment of my notes, remarking only the most mate¬ 
rial circumstances in each author; from which a general 
idea of the cjiain of improvements may be perceived, from 
the first rude beginnings, down to the more perfect stat^; 
from which it will appear that the discoveries and Im¬ 
provements made by any one single author, are scarcely 
ever either very great or numerous; but that, on the con¬ 
trary, the improvements arc almost always very slow and 
gradual, from former writers, successively made, not by 
great leaps, and after long intervals of time, but by gra« 
datiuni which, viewed in succession, become almg^t im¬ 
perceptible. » 

Or DiopiiAVTirs’s ALOSsaA. , As to the origin of 
the analytic art, of which algebra is a species, it is doubt¬ 
less as old as any science in the world, being the natural 


method by which llic mind investigates liulfi;, c.iu’-i ?, find 
theories. Iron) their observed cflects and properties. Ae- 
cordingly, traces of it are observable in tne work? ut ihc 
earliest philosophers and maihematicians, the subject «.| 
whose enquiries most of any requiie the aid of such an 
art. And this process constituted tlicir analytics. Of 
that part of analytics, however, which is properly called 
algebra, the oldest treatise which has come down to us, is 
that of Diopliantus of Alexamliia, who riuurishid about 
the year 150 after Christ, and who wioi.-, in tnc Greek 
language, 13 books of algebra or ariihineiic. as ineniioii- 
ed by himself at the end of liis addriss t>* one Diony¬ 
sius, .though only () of them have hilherlo been prinictl; 
and au iinperlcci book on mullangulcir numbers, namely, 
in a Latin translation only, by Xilander, in the yi ar 1575, 
and afterwards in l62l and l670 in Greek and Latin by 
Caspar BacbeU These books, however, do not contain a 
treatise on the elementary parts of algebra, hut only tol- 
Icctioiis of difficult questions relating to square and cube 
numbers, and other curious properties of numbers, with 
their solutions. And Diuphantus only prefaces the books 
by an'address to Dionysius, for whose use it was pro¬ 
bably written, in which he just mentions certain precog- 
nita, as it were to prepare- him for the problems them¬ 
selves. In these remarks lie shows the names and gene¬ 
ration of the powers, the square, cube, 4ih, 5tli, 6'iii, &c, 
which he calls dynainis, cubus, dynamodiiminis, dy iiamo- 
cubus, cubocubus, according to the sum or addition of 
the indices of the powers; and he marks these powers 

with the initials thus S', x*. Sf. 5x*. xx’, &c; tlie un¬ 
known quantity be calls simply «fi9/xo^, iiumems, the num- 
ber-j and in the solutions he commonly marks it by the 

final thus ^; also he di^notcs the monadcs, or indefinite 

unit, by Diophantus then n-marks on the iniitripli- 
cation and division of simpio spixies to^rtluT, shoxung 
what pow«»r$ or species they pruduco; dccluros that minus 
inoUiplied by minus produces p|us 5 

but that minns muhiplicH by plus, produces minud; and 
that the mark used fur minus is /p; iiumoly the ^ inverted 
and curtailed; but he.usi^s no mark for plus, but n word* 
or conjunction copulative. 

As to the operations, viz, of addition, subtraction) mul* 
liplicalion, and division of compound species, or those 
connected by plus and minus, Diophuntus docs not icurh^ 
but supposes his reader to know them. lie then re^iarks 
on the preparation or simplifying the equations that are 
derived troin the question^, which we cM\ reduction of 
equations, by collecting like qunntitieb together, oddihg^ 
quantities that are minus, and subtracting such ns are 
plus, called by the moderns transposition, so as to bring 
the equation to simple terms, and then depressing it to a. 
lower degree by equal division, when the powers of the 
unknown quantity are in every term : whicli preparation, 
or reduction of the complex equation, being now madot^ 
or reduced^o what wc call a final equation, Diophantus 
goes nq farther, but barely says what tlie root or res i^ota 
is, without giving any rules for finding it, or for the rc« 
solution of equations; thereby intimating that such rules 
were to be found in some other work, done cither by him-^ 
self or others. 

Of the body of the worV, lib. 1 contains 43 questions,, 
concerning one, two, three, or four unktiow'n numbers,, 
having certaia relations to each other, viz,, concerning^ 
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llicir sums, differences, ratios, products, squares, suras 
and diffcTcncfs of squaa's, &c, &c but none of them con¬ 
cerning either square or cubic numbers. Lib. C contains 
36 questions. The first 5 questions arc concerning two 
numbers, though otily one condition is given in each ques¬ 
tion; but he supplies another by assuming the numbers 
in a given ratio, viz, as 2 to I. The 6'lh and 7tb contain 
each two conditions: then in the 8th question he first 
comes to treat of square numbers, which is this, to divide 
a given square number into I'vo other squares; and the 
pth is the same, but performed in a different way: the 
rest, to the end, are almost all about one, two, or three 
squares. Lib. 3 contains 24 questions concerning square,*, 
chiefly including three or four numbers. Lib. 4 begins 
with cubes; the first of which is this, to divide a given 
number into two. cubes whose sides shall have a given 
sum: here he has occasion to cube the two binomials 
6 -I- n and 5 — n; the manner of doing which shows that 
he was acquainted with the composition of the cube of a 
binomial; and many other places manifest the same thing. 
Only part of the «|ucstions in^tbis book are concerning 
cub^; the rest are relating to squares. Two or three 
questions in this book have general solutions, and the the¬ 
orems deduct'd arc general, and for any numbers indefi¬ 
nitely ; but all the other questions, in all the four books, 
arc employed in finding only particular numben. Lib. 5 
is also concerning square and cube numbers, but of a 
more difficult kind, beginning with some that relate to 
numbers in geometrical progression. Lib. 6 contains 26 
propositions, concerning right-angled triangles; such os 
to make their sides, areas, perimeters, &c, &c, squares or 
cubes, or rational numbers, &c. In some parts of this 
book it appears, that Diophanlus was acquainted with 
the composition of the 4th power of the binomial root, 
as be sets down all the terms of it; and, from hts great 
skill in such matters, it seems probable that he was ac¬ 
quainted with the composition of other higher powers, 
and with other parts of algebra, besides what arc here 
treated of. At the end is part of a book, in 10 proposi¬ 
tions, concerning arithmetical progressions, and multan¬ 
gular or polygonal numbers. Diophantus oncQ mentions 
a compound quadratic equation; but the resolution of 
his questions is by simple equations, and by means of only 
one unknown letter or character, which he chooses or as¬ 
sumes so ingeniously, that all the other unknown quanti¬ 
ties in the question are easily expressed by it, and the final 
cquatfon reduced to the simplest form which it seems the 
question can admit of. Sometimes he substitutes for a 
number sought immediately, and then expresses the other 
numbers or conditions by it: at other times he substitutes 
for the sum or difference, &c, and thence derives the rest, 
so as always to obtain the expressions in the simplest 
form. Thus, if the sum of two numbers be given, ho 
substitutes for their difference; and if the difference be 
given, he substitutes for their sura: in both cases he has 
the two numbers easily expressed by adding and subtract¬ 
ing the half sum and half difference; and so in other eases 
he uses other similar ingenious notations. In short, the 
chief oxrellcncc in this collection of questions, which 
seems lu be only a set of exercises to some rules which 
had been given elsewhere, is the neat mode of substitution 
or notation ; which being once made, the reduction to the 
filial equation is cosy and evident: and there he leaves 
the solution, only mentioning that the root or is 

so much. On the whole, tlus work is treated in a very 


able and masterly manner, roaoifesting the utmost address 
and knowledge in the solutions, and inducing a persuasion 
that the author was deeply skilled in the science of alge¬ 
bra, to some of the most abstruse parts of which these 
questions or exercises relate. However, as he contrives 
his assumptions and notations so as to reduce all his con. 
ditioiis to a simple equation, or at least a simple quadra¬ 
tic, it docs not appear what bis knowledge was in the re¬ 
solution of compound or affected equations. 

llul though Diophantus was the first author on algebra 
that we now know of, it wa** not from him, but from the 
Moors or Arabians that we received the knowledge of al¬ 
gebra in Europe, as well as that of most Other sciences. 
And it is matter of dispute who were the first inventors 
of it; some ascribing the invention to the Greeks, while 
others say that the Arabians had it from the I’ersians, and 
these from the Indians, as well as the arithmetical method 
of computing by ten characters, or digits; but the Ara¬ 
bians themselves say it was invented among them by one 
Mahomet ben Musa, or son of Moses, who it seems 
fiourishcil about the 8th or 9th century. It is more pro¬ 
bable, however, that Mahomet was not the inventor, but 
only a person well.’sklllcd in the art; and it is further 
probable, that the Arabians drew their first knowledge of 
it, either from the Indians, or from Diophantus and other 
Greek writers, as they did that of geometry and other 
sciences, which they improved and translated into their 
own language; and from them it was that Et^rope re¬ 
ceived these sciences, before the Greek authors were 
known to us, after the Moors settled in Spain, and after 
the Europeans began to hold communication with them, 
and began to travel among them to learn the sciences. 
And according to the testimony of Abulpharagiu^ in the 
year 969, the arithmetic of Diophantus bad been trans¬ 
lated into Arabic by Mahomet ben-yahya Buziani. But 
whoever were the inventors and first cultivators of alge¬ 
bra, it is cerUin that the Europeans first received the 
knowledge, as well as the name, from the Arabians or 
Moors, in consequence of the close intercourse which 
subsisted between them for several centuries. And it ap¬ 
pears (hat (he art was pretty generally known, and much 
cultivated, at least in Italy, if not in Spain, as well as 
other parts of Europe also, long before the invention of 
printing, as many wVltings on the artare still extant in tiic 
libraries of manuscripts; and the first authors, presently 
after the invention of printing, speak of many former 
writers on this subject, from whom they learned the art. 

Or thkIndiak Aloebra. Some notices bav.c lately 
been obtained of the science of algebra among the In¬ 
dians; and it is very probable that, through the intei^ 
counc of learned Englishmen with that country, we shall 
receive still more considerable infomation on that hea^ 

There has long existed cause to suspect that the princi¬ 
ples of thbart came to Europe through the Arabians and 
Moors, as well as the Indian numeration and arithmetic; 
and every extension of our concerns among them, serves 
further to increase the probability of that opinion. For 
more than a century past, evidence has been received in 
Europe, at various times, of the ^istence of very learned 
works on astronomy among the Indians. Such notices 
were ^nt imported by certain learned Frenchmen, and 
communicated through the Memoirs of the Academy; 
whence a very ingeiuotis and learned account of such 
works wasgjven in the Astronomie Indienne of theunfoc- 
hinato M. Bully. Since then, many other valuable com- 
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iDUoications have teen made by several of our own learned 
countrymen, belonging to the Bengal Society, and other 
persons curious in the sciences; as sir William Jones, 
Samuel Davis, esq., Edward Strachey, esq., and many 
others. Hence the strongest evidence has been obtained, 
that, at a period several thousand years, (at least three or 
four) before the Christian era, the Indians must have 
possessed very correct astronomical observations and rules 
of calculation; rules that require a considerable know¬ 
ledge of geometry and of trigonometry, both plane and 
spherical; and even accompanied with regular tables of 
sines and versed sines: at a lime when all Europe was in 
a state of gross barbarity, if it was at all inhabited. Sec 
a valuable paper in the 2d volume of the Asiatic lle- 
scarches, by Samuel Davis, Esq. on the Astronomical 
Compulations of the Hindus; also two learned disserta¬ 
tions on fhc Indian Astronomy and Trigonometry, by 
Professor Playfair, in the Edinburgh Philosophical Trans¬ 
actions, vols. It. an<l IV. 

What we have now, however, particularly to attend to, 
is the algebra of that country. It has long been thought 
that a people, possessing so muc^ knowledge* of many 
other branches of mathematical science, could not well 
be unacquainted with algebra; and we have now received 
incontestable proofs of their very critical skill in that 
brdtich. Several specimens of such works have been seen 
in that country, both in the native language and in Perr 
sian translations. Some of the latter are also now in the 
hands of S. Davis, osq. of Portman Square, one of the 
directors of the East-India Company, with a partial 
translation into English ; and similar translations of some 
others have been sent to England by Mr. Edward Stra- 
ebey, before mentioned. And as 1 have been favoured 
with the perusal of these, 1 am enabled to give some ac¬ 
count of them. 

■ ’ The first of these communications, by Mr. Strachey, 
of the Bengal civil establishment, is a printed account of 
some observations on the originality, extent, and import¬ 
ance; of the mathematical science of the Hindoos; with 
extracts from Persian translations of the Lilawati or Lee- 
lawuttec, and the Bccj Gunnit; or the Bija Ganita, as it 
ii wriuen by Mr. Davis. These two works, Mr. Strachey 
informs us, were both written by Bhasker Acharij, a fa¬ 
mous Hindoo mathematician and astronomer, who lived 
about the beginning of the ISth century of the Christian 
era; the latter of these two treatises being on algebra, 
with some of its applications; and the former on arith¬ 
metic, and algebra, and mensuration or praciicaf geo¬ 
metry. llie Beja or Bija Ganita was translated into Per¬ 
sian in i 534, by Utta Ulla Kushcedec, at Agra or Dehli 
probably; and the Lcclawuttee in 1587, by the ce¬ 
lebrated Fyzec. 

It is well known, Mr. Strachey says, that the only Per¬ 
sian science is Arabian, and that the Arabs bad much of 
their mathematical knowledge from the Greeks; it is cor- 
4 tain, howe^r, that they bad their arithmetic from the In¬ 
dian;, and most likely their algebra was drawn from the 
samesourCb; but the time, and other circumstances re¬ 
specting the introduction of these sciences among the 
Arabs, is unknown. It appears, however, that the first 
account of any Indian mathematical science among the 
Arabs, was of their astronomy, which was known in the 
rcjgn of Al Marooon. In later times, many Mahoinme- 
dans have bad access to the Hiodoo books; accounts of 
several are in' the Ayecn Ackbery, and in IPHcrbclot. 


Abul Fuzl gives a list of Sanscrit books, winch were irans- 
latcd into Pen,iiin in Akbar’s lime; among whicli the 
Leelawuliee is the only mathematical work. 

From a comparison of the algebra of the Arabians and 
Greeks, and that of the modern Europeans, with the Per¬ 
sian translations of the Beja Ganita and Lelawati, it 
would probably appear, that the algebra of the Arabs is 
quite different from that of Diophantus, and not taken 
the one from the other: that if the Arabs did learo from 
the Indians, as is most probable, they did not borrow 
largely from them; that the Persian translations of the 
Beej Gunnit and Leelawuliee, contain principles, which 
are sufficient for the solution of any propositions in the 
Arabian, or in the Diophaiitine algebra ; that these tran^- 
latiuns contain propositions, which are not to be solved 
on any principles that could be supplied by the Arabian 
or the Diophantinc algebra; and that the Hindoos were 
farther advanced in some branches of this science than 
the modern Europeans, with all their improvements, till 
the middle of the eighteenth century. 

These premises arc exemplified by several extracts from 
the Lilawati and the Bcja Ganita, loo long to be repeated 
here, but arc to be seen in my Tracis, vol. 2, p. 154, 6cc; 
where wo truce many instances of the Hindoos’ know¬ 
ledge in geometry, ami in mensuration, as well as in the 
various parts of algebra, as far as compound quadratic 
equations-inclusively, and that after a more perfect man¬ 
ner, in some respects, than our own practice. 

On Indeterminate Problems of the Second Degree, Diophnn- 

tus, and the Bija Ganita. 

'fhe )6th question of the 6ib book of Diophantus, is 
as follows;— 

“ Having two numbers given, if one of these drawn into 
a certain square, and the other subtracted from the pro¬ 
duct, make a square; it is required to find another square, 
greater than the former, which shall do the same thing. 
For instance, given the two numbers 3 and 11, and a 
certain square 25, which drawn into 3, and 11 taken from 
the product, leaves the square of 8; to find another square 
greater than 25 having the some property. Put its side 
jN 5, then its square is Iq lOrr ■+* 25; triple of this 
diminished by 11 leaves 3q -e 30 k 64 equal a square; 

let its side be 2k - 8, which gives n = 62 ; then 62 -e 5 = 67 
is the side, and 4489 the square sought.” 

In the Bija Ganita this problem U solved very generally 
and scientifically, by the assistance of another, which was 
unknown in Europe till the middle of the I7lh century; 
and first applied to questions of this nature by Euler, in 
the middle of the 18lh century.—With the affirmative 
sign, the Bija Ganita rule for finding new values of ox* b 
ssy*, is this: Suppose og* -«-&=: A* a particular case: find 
m and n such that on* 1 m*; then is x =5 mg nA, and 

y ssnih tpig. 

General methods, according to the Hindus, for the so¬ 
lution of indeterminate problems of the first and second 
degrees, arc found in the 4(b and 5th chapters of the Bija 
Gonita, which differ much from Diopbantus’s work. It 
contains, a great deal of knowledge and skill, which the 
Greeks had not; such as, the use of an indefinite number 
of unknown quantities, and the use of arbitrary marks to 
express them; a good arithmetic of surds; a perfect 
theory of indeterminate problems of the first dt^ree; a 
very extensive and general knowledge of those of the se¬ 
cond degree; a perfect acquaintance with quadratic equa¬ 
tions, See. The arrangement and mannerof the two works 
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are AS .lilTcront *8 their subslAncr: the one constitutes a 
regular body of science; the other docs not; the Bija 
Ganitu 


_ quite connected and well digested, and abountls 

in general rules, which suppose great learning; the rules 
ore"tllu!{tratc(l b) examples, and thesolutioiisare perform¬ 
ed with skill. Diophanius, though not entirely without me¬ 
thod, gives very lew general proposition?, being chiefly re¬ 
markable for the dexterity and ingenuity with which he 
make's assumptions for the simple solution of his questions. 
The former teaches algebra as a science, by treating it syste¬ 
matically ; the latter sharpens the wit, by solving a variety 
of abstruse and complicated problems in an ingenious 
manner. The author of the Btja Ganitu goes deeper into 
his subject, treats it more abstractedly, and more me¬ 
thodically, though not more acutely than Diophantus. 
The former has every characteristic of an assiduous and 
learncil compiler ; the latter of a man of genius in the in¬ 
fancy of science. 

Bcsidi-s the foregoing remarks, ilerivcd chiefly from the 
printed notices of Mr. btrnchey, I have lately been favour¬ 
ed with communicalions of several other curious particu¬ 
lars relating to the same two books, by S. Davis* esq. 
The late Mr. Reuben Burrow collected, in India, many 
oriental manuscripts on the mathematical sciences, both 
in the Sanscrit and the Persian languages, the latter being 
translations only of the former ; most of these he bequeath¬ 
ed by will to one of his sons there, but with on injunc¬ 
tion not to be delivered to him till he should have learned 
those languages and the sciences. But one or two of 
these Burrow left to his friend Mr. Dalby, mathematical 
profiosor at the Royal Military College, Farnham. These 
are now in Mr. Dalby's possession, being the Persian 
translations of the Bija Ganita and Lilawati, with an at¬ 
tempt at an English translation of some parts of them by 


any powers raided from multinomial surd roots, some¬ 
thing like our method of finding the number of combina¬ 
tions. Next follow questions about squares; such as 
(using our own notation), finding e?.**-*-1, and 6u*-»-1, 
and 13r'— 1, Arc, squares ; also a general way or method 
to make expressions of this kind squares. 

Then questions arc treated producing simple equations; 
with the application to some questions about triangles. 
Then more questions about squares; as, to find j±y and 
xy both squares; also and both s(|Uares. 

Next, some questions producing quadratics. Some¬ 
thing is also said of a cubic; but it seems to hint that it 
cannot be solved generally : a straight ruler is mentioned, 
which it is suspected may allude to some mechanical me¬ 
thod of solution, for there is an omission in the transla¬ 
tion Then more about squares; such as, to find 
X-J, 1 bolh 7x> + 8y 1 both 
x'‘^y« 5 squares; fsquares; x-hyj ‘ 

souarcs: ! I .x-y a square! 




squares; 


z’ -t^y* a 


cube 5 


in whole numbers; 


4*—a 


a whole number, dec, dec. 


Lastly, more indeterminate questions. In short, a great 
part is about indeterminate, and what we call questions of 
the Diophantine kind, yet without any one being the very 
same as in that author; which alone seems to show a dif¬ 
ferent origin; bcsitles, they are mostly treated in a very 
different way; and several of them arc not caSy. 

There arc three or four questions about right-angled tri¬ 
angles, done algebraically; and here one might have ex¬ 
pected to have found Eucl. 47, I, quoted ; but, instead of 
that, a reference is made to the “ figure of wedding chair.**- 
But from these, and many other parts of their wri^ngs, we 
perceive that they were possessed of, not this property 


Mr. Burrow; but these attempts being mostly interlinea- only, but most others the same as in our geometry; and ^ 
tions written with a black-lead pencil, arc in danger of l‘crc it was probably that Pythagoras acquired h|s mathe- . 
being obliterated. Mr. Strachey also, ’ lately arrived matical knowledge,.which he carried back wath him. and 


ng oimtcrateu. nir. Strachey also,' lately 
from India, lias an entire English translation of the Bija, 
of which he has favoured me with the perusal, and be¬ 
sides communicated by letter many descriptive remarks 
of those works, from all which sources I have collected 
the following curious particulars, till such time as he may 
be pleased to give the whole work to the public. 


taught to his countrymen. The results of the operations 
by the cipher 0, are the same as wt make then): the quo- 

first translated “-infinite,” but aftcr- 


at 


lient - Burrow 
0 

wards crossed it wiih his pcncili and substituted cannot 
be comprehended probably it means u^tbounded, or ums- 

Tho first work is called the Beej, or the Beej Gunnit *ig’^ble. .u* , 

(a. Ihcy are pronounce), but written Bija Gnniln). and , R«P«t.ng ll.ia nolatton to thi. Ma. appear, that tin- 

seems to have been translated into Persian about the quani't'” ^presented by lettera or cbaracicrs,^ 

year 163*. The Pmian introduction call, i. “Beej “fc 

Gunnit 
wati 

of coropulalion was translated from the Hindu into Per^ . ^ i - . ^ i.* 

Sian, and is called the Book of Composition and Resolu- f^e fourth JcUow, &c. I hc unknown, or quantity sought. 

tion;" and “ that it is not written in any book, Persian or » technically the «« 


1634. The Persian introduction calls it “Beej «hich they call ‘.‘colours. inus, wnen / one un- 
init, the author Bhasker Acharya, author of the Ula* ^"0^" « “ chaweter called Rla- 

It is there also said, that “ this excellent method Jool; when two unknowns enter into the computorion, the 
romnuioiion WM translatod fmm fh*. Hind., int« p.r- sccond IS “ Aswad (black); a ^hird IS Ncclok (blue); 


Arabic." The two words here translated “ composition 
ami resolution,” are elsewhere simply called “ algcbro.” 
The two Persian words for “ Beej Gunnit,” are totally 
different from them; so that the Penians and Arabians 
have adopted the meaning, not the pronirado/fon, of the 
Sanscrit. Pert of the Ms. is a commentary on the origi¬ 
nal Hindu work, by the Persian translator. 

The work consists of five parts. It commences with 
explaining affirmatives and negatives, which he characto- 


thing about which the question or enquiry is made. All 
their marks, denoting words expressing the operation, arc 
Arabian. And it is remarkable that the first Italian wri¬ 
ters on algebra, used a word of the same import for the ^ 
unknown quantity, vis, coja, the thing; whefftc, in Eu¬ 
rope, the science came to be called the come or/,*and 
such quantities couic numberi, tee. 

.There is also a character set next an unknown, to de¬ 
note its square; another for the cube, dee: aisp a mark 


rises by two terras denoting exUting and non-exuting, also square root; and one for the cube root: but there 

property and debt. Then follow the first rules, as with us, appear to be any thmg answering to a vinculum 

Next, surds arc given at great length; and there seems used in compound quantities. ^ The higher powers are 
here a general method of finding Ihc number of surds in formed, and named, by repeating nnd combining these 
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marks; S0| the 4lh power is called the square square ; ihe 
5ih jioweri the square cube; the ()Ui'power, llie cube 
cube; and so on, meaning those powers multiplied togc- 
Mii-v. I'or equality they use the expression “ I equalize/' 
or e(|iializiag/* and, indeed, ull their operations are e\* 
p^sed in words at length. 

When unknowns are multiplied together, they are 
placed next one another, in our rnaimer; though iIiltc 
fteeiiu occasioimlly to be a mark lor product. It is ob* 
scrvable toil that the ulTirinative, or the negative sign, anil 
the Coefficient, are always placed on contrary sides of the 
unknown, not-*“2x3/, as with us, but 2xy-+-, or-*-xy2; this 
latter is in the Persian way, as they read from right to left; 
but the Hindus frum left to rigltt, like the Europeans* 
Hut, though tlie Persians write from right to left, they do 
not Use, or translate the Sanscrit numerals backwards; 
a circumstance which renders ilic opinion very probable, 
that the Persians derived their numeration characters and 
calculation irom tiic Indidoi, but probably at second hand 
tbroQgb the Arabians. 

Ciunpounds are multiplied — 3r —2 

as we till the multiplication H-4y ~ ^ 
table: fir example, to mul- ^ —2.ry h-2j 

tiply-3iH-2jr-2 by + 4^- “sr ' 

x-t-1, they procct-d in the ■+• I - 
margin, and afterwards collect the products. 

In the process of their solutions, there is no distinct ar« 
irangement of the diSerent steps, us in the modern alge¬ 
bra; but it is carried on vviiliout any breaks in the lines, 
something like dc Uurgo, or Bombclli, &c. The language 
is written in the Arst person, as,'—I do so and so—I then 
equalia^^next I multiply, jcc. 

We have already noticed their method of resolving com¬ 
pound quadratic equations, the same as oUrs, by comple¬ 
ting the square ; and better than ours in such cases as ax^ 

bx = c, when the first term has a coefficient a, which 
does not divide the two 0 and c, by which they avoid the 
operation in fractions. In imitation of this, also, I sec 
they have a method of comipleling the powers in some 
cases of cubics and biquadratics: 'I'bus, having the cubic 
equation x^12x = 6x* 35; fint subtracting 6x*, 
gives X*— 6x*-i-12x = 35; next subtracting 8, gives x’— 
oz*-t-I2x—83 s 27, wiiicb completes the binomial cubic, 
fund the roots are X— 2 =3, or x =: 5. Again, having given 
the imperfect biquadratic x’—400x—2x*=9y99> a case 
which it is not very obvious how to bring it to a complete 
power, but which is managed with much address, in this 
manner. First add 400x+1 to both sides, this gives x^— 
2x*-*- 1 = i60OO-i-400x, where the first side is a complete 
square, and the roots are x*—1 = v^( 10000-hiOOx); but 
as the latter side is not a complete square, the author goes 
back again, and tries another course; thus, to the original 
equation he adds 4r*-i-400x-i-1, which gives x*-**2x*-i-1 
= 4i*-i'400x-i' 10000, two complete t(|uarcs, the roots of 
which are x'-i-l=sjlx-*-100; again, subtract 2x, and it 
becomes x*—2x-*-lSsl00, which are again two complete 
squares, the roots of which arc x — l=slO, and hence x= 

1 i. And this process has some resemblance to that which 
was aftenvards practised, if not imitated, by Lewis Ferrari. 
It appears, however, that the Indians bad no gcnvrui me¬ 
thod for all cq'tiaftbni of Ihcse two powers, but only de¬ 
pended on their own ingenuity for artfully managing some 
particular cases of them; for, at the conclusion of the 
above process, the author emphatically adds, “ The solu- 
Vot. I, 


] A L O 

lion of iuch ijuc-tions as these depends on corirct judg¬ 
ment, aided l)v the a^si^tance of God." 

At the conclii-ioii ui tlie tir-t book occur some curious 
circumstancts in thesoluiion ol certain problems in the 
application ol algebra lo grouHtrv, parlicularlv Some re¬ 
lating to right-angled triaiigh .^, Oy wliicli it ap*p»ars that 
tliey were well acquainted wiilj ilu- most remarkable pro¬ 
perties in Euclid's Elements, some ol which are cited 
under names peculiar lo themsehes, and sometimes, Mr. 
Slrachey thinks, by numbers of ilie bo, ks and proposi¬ 
tions in Euclid's collection, unless tlicse last references 
have been added by the translator, or some transcriber, 
wliich is lo be suspected. 

Ill the 3J book the author comes to treat of questions 
and eijualions having several unknown quantities m them. 
'I'hese he directs to e.\terminate one after another, much 
alter our inadern way, till they are reduced lo one un-' 
known only. I'lic number of independent equations are 
staled to be equal to the number of the unknown quan- 
tilies; but when there are not so many equations, the de¬ 
fect Is supplied by assuming values for as many of the un¬ 
known quantities, &:c, as with us. The unknown quan¬ 
tities are repn^ented and called by so many different cha¬ 
racters and Mames, as is our own practice also. Wc de¬ 
note them usually by the letters x, y, x, &c; the Hindus 
by'dilfercnt colours, or letters, or other marks also. 
“ Thus," says our author, “suppose the first unknown, and 
the 2d black, and the 3d blue, and the 4th yellow, and 
the 5lh red, and the 6'lh green, and the 7ih parti-coloureil, 
and so on, giving whatever names you please to the un¬ 
known quantities which you wish to discover; and if, in¬ 
stead of these colours, other names arc supposed, such as 
letters, and the like, it may be done. For what is re¬ 
quired, is to find out the unknown quantities, and the ob¬ 
ject in giving names, is that you may distiDguish the 
things required.” 

In this 3d book occur many examples of making cer¬ 
tain analytical e.xpressions to be squares and cubes, &c. 
These are mostly very curious, many of them difficult, and 
often involving several unknown quantities; they are ge¬ 
nerally solved in a masterly way, aud that very different 
from the manner of Diophuntus. The two other books 
are on similar indeterminate problems, but gradually more 
and more complex and difficult. . 

Besides the above, there arc many curious things in the 
Bija Ganita, and it may be presumed, adds Mr. Slrachey, 
that the Hindu books contain much interesting matter ic- 
epeciing this branch of algebra; it is probable that they 
have some system of continued-fractions; and perhaps 
methods of approximation, and theories of series and equa¬ 
tions. From the rules of the 5lh book, and their applica¬ 
tion, fherc is some ground for an opinion, that the Hindus 
may have had a knowledge of curves, and much of thu 
application of mathematics to natural philosophy. 

On the whole, it would seem that the origin of algebra, 
os well as of arithmetic, was probably Indian. We have 
however as yet but little certain information on ibis sub¬ 
ject. It has been said that the Arabs ascribe the invention 
of algebra to the Greeks; but the algebra of Diophantus 
is widely different from that of the Arabs; and it is very 
doubtful whether the Greeks ever had any other than that 
of Diophantus. If there be any doubt.of Diuphantus’s 
algebra being of Greek origin, it may be worthy of remark, 
that at Alexandria he-j^ight have bad the means of access 
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to4«lmii literature. The Bija Gai.ita is iiHlced of com- 
paratively modem dale; but we must not forget that it is 
extracted from other books, as stated by Mr. Davis, in 
the Asiatic Researches, in a very learned article on the 
cycle of 60 years. And it is not unlikely ihjW thert are 
old Hindu treatises, from which not only the Bija Oanita, 
but even the algebra of Diophantus, and that of the Arabs, 

niay have becu ilerivod, . 

The other work, the Lilawati, as before mentioned, is 
on arithmetic, mensuration, &c. In the introduction, wc 
find that “ the collector of the book Lilawati was Bhasker 
Acharya, of Bidder city,” on the northern confines of 
Hindustan. And “ though the date of it is not known, 
yet in nnother book, nmde in the year 1105 of Salbahan, 
the reason of making the Lilawati is given.” In the Aycen 
Akhcry (a Persian work on the manners, history, laws, 
dte, ofthe Hindus, tninslated by Gladwin), we find “that 
Acharya among the followers of Jinc, is nnc who explains 
any diftrculties that may occur to noviciates;” and there¬ 
fore we may conclude that Bhasker was nn instructor in 
mathematics. Now, the Salbahan, according to the 
Hindu chronology, commenced Anno Uom. 80; hence 
this book must have been written in 1 185. But all that 
can be inferred from thisis, that in 1185 they did not know 

when Bhasker lived. p ■ , 

The Lilawati begins with the first rules of arithmetic, 
and goes through fractions, the extraction of roots, Ac, 
with a good deal of what wcshould call alligation. Like 
us, they mark every 3d figure from the place of units, in 
cxtractingthe cube root. A part towards th« end is upon 
“ formi,” somewhat similar it seems to our permutations. 
The numeral figures are nearly the same shape as those 
mentioned in p. 8 of Wallis's Algebra, 

From which it appears that our present figures have 
been derived fronl.tlicm, by gradual and successive alter¬ 
ations in the shape, by diftcrent transcribers. And hence 
it appears also, that these figures, as well as their use, and 
the arts of arithmetic, algebra, &c, have come to us from 
India, in their progress through Persia, Arabia, Africa, 
Spain, Italy, Ac; and that wc ought rather to call them 
Indian figures, &c, than Arabian. 

lyantlnlion of Fyii*s Prrf«ce to the lAlawati, 

“ By order of the king Akber, Fyzi translates into Per¬ 
sian, from the Indian language, the book Lilawati, so 
famous for the rare and wonderful arts of calculation and 
mensuration. Ho (Fyzi) begs leave to mention, that the 
compiler of this.boi^ was Bhascara Acharya, whose birth 
place, and the abode of his ancestors, was the city of 
Biddur, in the country of the Deccan. Though the date of 
compiling this work is not mentioned, yet it may be nearly 
known from the circumstance, tbat the author made an- 
uthcr book on the Construction of Almanacks, called 
Kurrun Kuttohul, in which the date of compiling it is 
mentioned to%c 1105 years from tho-dateof the Salibabn, 
an era famous in India. From that year, to this, which 
is the 32nd JIahi year, corW^onding with,the Hejim 
year 995, there have passed 37^ years." (answerjpg nearly 
to 1585 of'tlic Christian era). 

“ It it said that composing the Lilawati was occa¬ 
sioned by the following circumstance. Lilawati was the 
namo of the author’s (Bhascara’s) daughter, concerning 
whom it appeared^ from the qualit^of the Ascendant at 
her birth, that she was destined to pass her lilAunniarried, 
and to remain without children. A'hc father ascertained 
a lucky hour for .contracting heF'lh marriage, tbat she 
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might be firmly connected, and have children Tl is sauU 
that when tbat hour approached, be broughlfiis dBugbiei* . 
and his intended son near him. He left the hour cup on 
the vessel of water, and kept in attendance a 
ing astrologer, in order that when the cup should subs^V - 
in the water, those two precious jewels should be iinfUd. ^ 
But, as the intended arrangement wasjiot according to , 
destiny, it happened that the girl, from a coiiosity iialutal i 
to childieii, looked into the cup, to observe the "at^* 
coinin*’ in at the hole; when by tbance a pearl separaUd 9- 
from her bridal dress,fell into the cup, and, rolluig^dowivjo . 
the hole, stopped the inHu.x of the water. So the astrolo- , 
ecr wailcdJik«tpectation of the promised hour. W hen (be 
operation offiie cup had thus bepll,^delaycd beyond all 
moderate lini^, the father was in consicrnalion, and ex¬ 
amining, be found that a small pearl had stopped tha^ 
course of the water, and that the Ipng-cxpected hour was ? 
parsed. In short, the father, thus disappointed, said to. 
his unfortunate daughter, l.will write a book of your 
name, which shall remain to the latest times—for a jpJdrt 
name is a second life, and the ground-work of eternal ex¬ 
istence." Fyzi’s preface then proceeds: 4 

“Tht* arrunscmcnl of this translation was made with _ 
the assistance of men learned in this science, particularly^ 
the astrologers of the Deccan. Some Indian words, for 
which corresponding cxpri'ssions were not to be found in 
books of this science, have been retained, as they were in||j 
the Indian lungungc. '1 be work has been divided into an^K 
Introduction, some llulrs, and a Conclusion. ^ 

Introduction. In this part arc given explanations of 
some expressions in the science of calculation; with the 
meaning of certain terms employed in opeyitions of the 
art of numbers; the divisions and terms of money, weights, 
measures, time, and mensurations; some of which are cu¬ 
rious, as bearing some analogy to ourviwn, of which they 
might possibly be the origin. The grain, or barleycorn, is 
given by the author, ns the element of weights as well os 
measures. Thus, two barleycorns moke 1 Soorkh. The 
breadth of 8 barleycorns is the quantity of 1 finger; 24 
fingers make the Arm or cubit; and 10 cubits make a* 
Bamboo or rod, nearly the same as our own. The ele¬ 
ment of time is given thus: The tii^e In which a word of' 
two letters, as Ta or Ka, can be uttered 10 times,neither 
slowly nor quickly," is called Pmn; then C prens make 
1 Pul} 6o puls 1 Ghurry; and 60 ghurrys one day and 
night. So that it hence appears that, 

60 ghurrys are = our 24 hours 
1 ghurry - = • 24 minutes 
1 pul - = - 24 sdconds 


1 pran - = 
1 ka uttered in 


- 4 seconds 

I of n second. 

OK THE ARABIAN ALGEBRA. 

Mr. Strachey says, “ the Greek algebra may be seen in 
Diophantus, who is the only Greekjuitcr on the subject 
that wc have heard of.—The Indian m§R)ra may be seen in 
Bija Gbnita, and in Iho Lilawati, by the author of the ' 
Bija: and as the Persian translations of these works con¬ 
tain a degree of knowledge, whi^ did not exist in any of 
the ordinary sources of science, astaiit in (he lime of tho’ 
translators, they may be safely nOten as indian, pnd of an¬ 
cient origin. To give some idea of the algebra of the Ara¬ 
bians, by which wc may be enabled to judge whether, on 
the one band, it could have been dcriviM from Oiophantusl 
or, on the other, that of the tiinduf could have been 


A L G 


C C7 ] 


A t. C 


taken from them, the work ettlitled Khulasat-ul-H!sab, 
may be taken as a specimen; especially because there is 
a part of this book which marks the limits of algebraical 
knowledge, in the time of the writer. 

“ We have seen that the first European Algebraists* 
learnt of the Arabians ; but no account has been given of 
the nature, the extent, and the origin of Arabian algebra. 
No distinct abstract or translation of any Arabic book', 
on the subject, has appeared in pnnt; nor has it been 
established beyond controversy, who tauglit the Arabians. 
The Khulasat-ul-Hisab is of considerable repute in India: 
it is thought to be the best treatise on algebra, and it is 
almost the only book on the subject read there. I select¬ 
ed it, because 1 understudd that, as well as the shortest, it 
was flic best treatise that could be procured. Bi'sidcs ge¬ 
neral report, I was guided by the authority of Mauiavi 
lloslicn Ali, an acknowledged good judge of such mutters, 
who assured me that, among the learned Moslems, it was 
considered as a most complete work, and that he knew of 
no Arabian algebra beyond wbut it contained. In the 
Sulafal-ul-Asr, a hook of biography, by Nizani-ul-din- 
Ahmed, there is this account of Baha-ul-din, the author 
of the Khulasat-ul-Misab. ‘ He was born at Balbcc, in 
the month of U'hi lhaj, 9^3 Hijri, (anno Chr. 1575) and 
died at Isfahan in Shawul, 1031,’ (anno Chr. 1653). 
Mention is made of many writings of Baha-ul*din, on re¬ 
ligion, law, grammar, &c, a treatise on astronomy, and 
one on the astrolabe. In this list of his works, no notice 
is taken of his great treatise on algebra, the Behr*ul- 
Hisab. which is alluded to in the Khuiasst-ul-Hisab. 
Mawl^i Roshen Ali tells me thf commentators say, it is 
not extaift. There is no reason to believe that the Arabians 
^ver knew more than appears in Baha-ul-din’s book, for 
'^tbeir learning was at i^ height long before his time. 

** From what has been stated it will appear, that from 
the Khalasat-uMIisab, an adequate conception maybe 
formed of the nature and extent of the algebraical know¬ 
ledge of the Arabians; and hence I am induced to hope, 
that a short analysis of its contents will nut be unaccept¬ 
able here. I deem it necessary here to state that, possess¬ 
ing noUiiugmore than the knowledge of a few words in Ara¬ 
bic, I made the translation, from which the following sum¬ 
mary is abstracted, from the viva voce interpretation into 
Penian of Mauiavi Roshen Ali, who perfectly understood 
the subject and both languages, and afterwards collated 
it with a Persian translation, which was made about 6o 
"years after Baba-ul-din’t death, (anno Chr. 1713), and 
which Roshen Ali allowed to be perfectly correct. 

** The work, as stated by the author in his preface, con¬ 
sists of an introduction, 10 books, and a conclusion. The 
introduction contains definitions of arithmetic, of number, 
which is its object, and of various classes of numbers. The 
author distinctly ascribes to the Indian sages the invention 
of the nine figures, to express the numbers from 1 to 9. 
.Book 1 comprises tbc aritbmetic of integers. The rules 
enumerated under this head are, Addition, Duplation, 
Subtraction, Halving, Multiplication, Division, and the 
Extraction uf the Square Root. The method of proving 
the operation, by casting out the 9*s is described under 
^ch of these rules. The atfdior gives the following re- 
irorkable definitions of multiplication and division : viz, 
.^Multiplication is finding a number such, that the ratio 
'^wnich one of the factors I^rs toil, shall be the same which 
Tunity bears to the other factor! and division is finding a 


number, which hns the same ratio to unity,as tlie dividend 
has to the* divisor.’ 

“ For the multiplication of even tens, hundred.^, icc, 
into one another, the auihor delivers the following rule, 
which is remarkable in llii' re-pcct, that it exhibits an 
application of something reseiiiblmg (he indices of logari- 
thinis," ‘ Take the numbers us it they were units, and 
mul(i|)ly them together, writing dowti the product, Then 
add the numbers of the ranks together, the place of units 
being 1, that of tcns2, &c; subtract 1 from the sum, 
and call the remuindcr the number uf (lie rank of the 
product.' This is similar to our own practice in such 
cases, when we say. Multiply the signilicant numbers to¬ 
gether, and subjoin to their product all the ciphers that 
are in both factors." 

There ne.\t follow several other ingenious contrivances, 
and compendiums, such as. To multiply figures between 5 
and 10. I'o niulttply units into numbers between units 
and 20. To multiply together numbers between 10 and 
20. To multiply numbers between 10 and 20 into com¬ 
pound numbers bctvvi'en 20 and 100. To inulti|)iy num¬ 
bers between 20 and 100, where the digits in the place of 
tens are the same. To multiply numbers between 10 and 
100, when the digits in the place of tens arc different. To 
multiply two unequal numbers, whose sum is even ; from 
the square of the half sum subtract tha square of the half 
difference. For multiplying numbers consisting each ot 
several places of figures, the method described by this 
author, under the name of Shabacali, or network, and il- 
Vistruted by the following example, has some resemblance 
to the operation by Napier's bones; where, instead of 
our way, the method is, to set down the whole of each 
product in the alternate chequers, then add up the 
columns diagonal wise. On the other rules, nothing is 
delivered differing so much from those contained jn our 
common books of arithmetic, as to require particular 
mention. 

Book 2d contains the arithmetic of fractions. Book 
3d, the rule of three, or to find an unknown number by 
four proportionals. Book 4lh delivers the rule of position, 
both single and double, or to find an unknown number by 
assuming a number once or twice, and comparing the 
errors. - Book 5th gives the method of finding an unknown 
number by reversing all the steps of tbc process described 
ill the question. This last rule has a near affinity to the 
reduction of equations in algebra, and might very naturally 
lead to the invention of algebra itself, being easily and 
generally applicable to the solution of questions usudly 
giv^n in the rules of position, and in the reduction of equa¬ 
tions. For instance, taking the firet example in Double 
Position, in vol. 1, of my Course of Mathematics: viz. 
What number is that, which being multiplied by 6, the 
product increased by 18, and the sum divided by 9, the 
quotient shall be 20 ? 

Now, beginning with the last result 20, and performing 
in a retrograde order all the reverse operations, they will 
be thus : because the last operation was dividing by 9, to 
give the result 20; and multiplication being the reverse of 
division, therefore vtuliiply the result 20 by the 9, and it 
gives 180; then because the nextprecedingoperation was 
adding 18, therefore sublraciing 18 from the 180, leaves 
152; lastly, because the next preceding operation was 
multiplying by 6, therefore divide the 162 by 6, and it 
gives 27, which must be the number sought, or thut 
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first bc^un ^vith. The pmofU thus : ^ « 6 = then 
iba-elS^lSO, and 180-5-9=20. Or thus, expressing 
ull the operations by their lespective inaik> <.r characters, 

it ,„i, now first multiplying ‘'‘'‘S"" 

9, gises27 
leaves ‘27 
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^6 -t- 18; then subltacling the incicase 18, 
6: .md lastly, dividing by the divisor 6, rmi.t 

give the first or number required. 

And this natural process is exactly the same as the ge- 
iieral ruii’ luid down at tUc beginning of Simple K^jualiohs 
in tin* same volume, as the most general and natural 
method tor lh«' reduction of all eijuations. Thus, us.sumiiig 
I for tlie number sought, in the same example ; then by 
<1 


H 


the question,-= 20; 


multiply by 9, and it becomes • - C j 18 = ISO; 

subtract 18, and it is - - - - 6.i = l62 : 

lastly, (liviile by 6, and it gives - - x ^'17. 

So lliat the mode of operation is exactly the same in all 

these way'. . , • 

Book (jth treats of Mensuration. The introduction 
contains geometrical definitions. Chap. 1. treats on the 
mensuration of rectilinear surfaces. Unilcr this head,the 
two following articles are deserving of notice. Ist, To 
find the point in the huso of a triangle, where it will be 
cut by a perpendicular. let fall from the opposite angle. 
Call the ereatesl side llie base ; multiply the sum of the 


eve and the top of the height required ; or by viewing the 
imam: of the lop in a horizontal mirror; also by taking 
the proportion between a perpendicular stick of known 
length, and its shadow; or by taking the length of the 
shadow of the height when the sun;5 altitude is 45 do- 
•Tces. Tlie concluding method is this: ‘ Blacc the index 
tf tlie astrolabe at the mark of 45*, and stand at a place 
wl.erc the height of the object is seen through the sights; 
llirii measure from the place where you stand, to the 
place where a stone would fall from the lop; add your 
own height, and the sum is the quantity required. 

For the mensuration of inaccessible heights, the follow- 
i„a rule is delivered: “ Observe the lop of the object 
thn.ugh the sights, and mark'on what shadow-line (di- 
vision) the b>wcr <*ncl of the index lolls. Then move the 
index a step forward or backward, and advance or recede 
till you see the lop of the object again. Measure the 
distance Wtween your stations, and multiply by 7 n the 
index is moved a Dhil-Kadaro, and by 12 il u is moved 
a Dhil-Asbii, according to the shadow lines on the astro¬ 
labe-, this is the quantity required." j, f • 

The 3d chopicr is on measuring the breadth of rivers 
and depth of wells. Stand on the bank of the river, and 
through the two sights look at the opposite bank ; then 
turn round and look at nny thing on the land side, keeping 
the astrolabe even : the distance from the observer to the 
place is the same as tlie breadth of the river. 

Book 8th is on finding unknown quantities by algebra. 


two less sides by their dillercncc; divide the product by uooK inn is on mining uumiowu --o-- 

the base, and subtract the quotient from the base; half j,, ,|jjs i,ook are two ciiapters. Tlie first is introductory, 
the remainder will show the point on the base, where the fhiefiy relating to the formation and operatimi of nowers 
perpendicular falls towards the least side. This pronerty of unknown quantity, thus. Call the unknowH quan- 


will easily be recognized as similar to that which wc 
usually employ in resolving that case in pl.ine trigonome¬ 
try when the three sides arc given, probably borrowed 
from the orientals ; it is also the same property as that in 
the Silh theorem of my Geometry. 

2nd, To find tlie area of an equilateral triangle. Mul¬ 
tiply the square of a quarter of the square of one of the 
sides by 3; then the square root of inc product is the 
area. That is, the side being a, its square is o’, the quar¬ 
ter of this is -Jo*, tlie square of which is lyi**, multiplied 
by 3, it isT^o^its root naturally 

derived from the property of right-angled triangles, and, by 
extracting the roots, soon reduces to ilic same oj 

our own rule for the same purpose. 

Chap. 2n(l treats on the mensuration of curvilinear sur¬ 
faces. We here find the same rule for the area of the 
circle, as one of those employed by ourselves, for the same 
purpose, viz, multiply the square of the diameter by 11, 
and divide the product by 14. 

Chap. 3d, oil the mensuration of solids, contains nothing 
suflicicnlly remarkable to merit particular notice. This 
chapter concludes with the following sentence; * The de¬ 
monstrations of all these rules arc contained-in my greater 
work entitled,Bahr-ul-Ilisab (the ocean of calculations), 
may God grant me grace to finish it.' 

on 


tity Shai (thing), its product into itself M«l (possession), 
the product ofMal into hhoi. Cab (adieor cube), of Shg^. 
into Cab, Mal-Mal; of Shai into;,Mal-i-Mal, Mal-CaB; 
Shai into Ma!-i-Cab, Cab-i-Cab; and so on, wilhmit end. 
For one Cab write two Mals, and of these two Mals one 
becomes Cab ; afterwards boili Mals become Cab. Ihus 
ibc 7th power is Mal-i-Mul-i-Cab, and tlic 8th Mal-i*Cab- 
i-Cab, in the 9th Cab-i-Cab*Cab, and so on. All these 
powers arc in conlinned proportion, eitlicr ascending or 
descending. Thus the ratio of Mal-i-Mal to Cab, is like 
(or similar or equal to) the ratio of Cnb to Mal,ol Mai to 
Slini, and ofShai to l,and of 1 to I divided by Shai,and 
of 1 divided by Shai to I divided by Mai, and of 1 divided 
by Mul to 1 divided by Cab, and of I divided by Cab ta 
1 divided by Mal-i-Mal. All this means, that all th^ 
terms in the successive powers arc in continued propd^p 

tion, viz, in our notation, 

1 I i 1 


or X 
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1. X. X 
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1*. 
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X‘, 




X*, 


&c. 


To multiply one of these powers by another. If they 
arc both on tho same side, (viz, of unity) add the expo¬ 
nents of their powers together ; the proiluci will have the 
,3„ n. same denomination as this sum. For example, to multi-** 

Book the 7ih Treats on Practical Geometry. Of ply Mal-i-Cab by Mal-i-Mal-i-Cab, the first is the 5th 
which, the first chapter is on levelling, for the purpose power, and the other is the 7lh ; fne result then is Caft-i- 
of milking canals. In this arc described the plummet- Cab-i-Cab-i-Cab, or four Cabs, which is the 12th 
level, and the water-level, on the same, principle with our the factors are on difi||rent sides, the product will be 
snirit-Usel. excess on the side of the greater.—So, to© product of 

The 2nd chapter is on the mensuration of heights, ac- 1 divided by Mal-i-Mal into Mal-i-Cab, is Shai; and tho 
cessiblc and inaccessible. Under the former of these heads product of 1 divided by Cab-i-Cab-Cab irito Cab-i-Mal4^ 
are delivered the common methods, by bringing the lop Mai, is 1 divided by And if the factors are at tboj 
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H<lds> The particulars of the methods of division, with 
extraction of rootSi and other rules, 1 have given in niy 
greater book." 

** The rules of algebra which have been discovered by 
U'amed men are six, and they relate to number and Shut 
and Mai." 'I hat is, to n and x andx', including what we 
call simple and ijuadratic cqtiations* 

CirAPrER II. On (he Six Rules of Algebra. 

To find unknown quantities by algebra depends on 
acuteness and sagacity, with an attentive consideration of 
the terms of the question, and a successful application of 
the invention to such things as may serve to bring out the 
quantity required. Cull the unknown quantity Sbai (tlie 
I'hing), and proceed with it according to the terms uf the 
question, till the operation cnd> with an equation. Let 
that side where there arc negative quantities be made per* 
feet, adding the negative quantity to the other side, which 
is called restoration, Jebry (hence doubtless, with the article 
A/, comes the name Algebra.) Let those things which are 
of the same kind, and equal on both sides, be thrown away 
which is culled opposition (Makabalah). 

Equality is either of one species to another, which is 
of three kinds, called simple (3/u/n*dAr), or <>i one species 
to two species, which is of three kinds, called compound 
(Ulutciarinai). 

Case 1st. fllufridat. When number is equal to things 
(nxzsn); divide the number by tbecoeiricicntof the thing, 
and the unknown quantity will be found. Example. A 
p<*rsou admitted that he owed to Zuid 1000 and one lialf 
of what he owed Ainer; also that he owed Amcr 1000 all 
but half of what he owed to Zaid« Call Zaid's debt Shai 
(x). Then Ainer's debt is 1000 wanting half of Shai 
(1600^ ^x); and Zaids is 1500 wanting a fourth of bhai 
(1500—‘Fhis is equal to Shai (1500 —yX=tx). 
After «/e5r, 1500 is equal to one Shai and a quarter of 
Shai (1500 = bo for Zuid is 1200, and for Amer 

40a 

Case 2nd. MuUlples of Shai €<junl to tnultiples of Mai 
(ax = &x^). Divide the cocOicicnl of the thing by that of 

Mai; the quotient is the unknown quantity (^ = x)« Ex¬ 
ample. Some sons plundered tbeir faiber^s inheritance, 
which consisted of Dinars. One took 1, another 2, the 
third 3, and so on increasing by i. The ruling power 
took back what they bad plundered, and divided it ^ong 
them io equal shares, by which each received 7. How 
many sons were there, and how many Dinars? Suppose 
the number of Sons Shai (x), and take the sum of the ex¬ 
tremes, viz, 1 and Shai (1 -h j)^ Multiply them by half 
of Sbai (jx); this is the number of dinars for 

the sum of any scries of numbers in arithmetical progres¬ 
sion, is equal to the product of the sum of the two ex¬ 
tremes, into hair the number of terms. Divide the num¬ 
ber of the Dinars by Sbai (x), which is the number of 
the sons, the quotient according to the terms of the ques¬ 
tion, will be 7 (t^ h- pi- X = 7)* Multiply 7 by Sbai 
(x), the divisor, 7 S^ai is the product, which is equal to ^ 
Mai and ^ Sbai (7x Jx). After Jebr and Muku- 

balaky 1 Mai is equal to IS Sbai (x^s I3x); Shai then is 
is (xss 13); and this is the number of sons. Multiply 
* this by 7, ^nd the number of Dinars will be found 91* 

JtU added, that questions of this kind inay.b^ solved by 
pcSOion. Thus, suppose the number of sons to be 5, 
the first error is 4 in defect; then suppose it to be 9) the 


second error ii 2 in defect. The first Mu/udh is 10, and 
the second is 36 ; their difi'erence is C6, and the ditf< lencc 
of the errors is 2."—‘‘Anollier method, which is short, is 
tliiv: Double the quotient (7) i> 14; subtract 1, and the 
result (13) is the number of suns." 

Case 3d. Number equal /q Mnl (n=flx*). Divi<le the 
number by the coeflicient of the Mai; the root of the quo¬ 
tient {^/^ = X is the unknow n quantity. Erunfple. A 

person admitted that lie owed Zaid the greater of two sums 
of money, the sum of which was 20, and the product ^6. 
Suppose one of them tube 10 and Shai (tO x), and the 
other 10 wanting Shai (10— x), 'Mic [uoduct, which is 
100 nl) but Mai (100 —x^) is equal to 9b; and nfier Jilr 
and Mukab.^Uthy 1 Mat is equal to 4 (x^=4), and Shai 
equal to 2 (xs2). One of the sums then is 8, and the 
other 12, which is the debt of Zaid. Here, by substitu¬ 
ting for the half-sum and half-difference the equation, 
comes out a simple one. 

First Case ok Maktannnt. Number equal to Mai 
and Shai (ai^ bx = n). Complete the Mul to unit if 
it is deficient, or reduce it to the same if it exceeds, and 
reduce the number and Shai in the same ratio, by dividing 
all by the coefTicieni of the Mnl. Then square one half 
the coefficient of the Shai. and add this 5<|uure to the 
number. From the root of the sum subtract half the co- 
cflicient of the Shai, and the unknown will remain. An 
example follows as usual: and the method is evidently the 
same as ours at present. 

CASE2nd. Shai equal to numberand Mai {bx = x* n). 
Alter completing or rejecting, subtract the number from 
the square of half the coefficient of Shai; then add the 
root of the remainder to half the coetficient of the Shai, or 
subtract the former from the latter, and the result is the 
unknown quantity. 'Fhis also is the same as the present 
method, and both the two mots arc noticed in this case, by 
taking the root of the known quantity cither positive or 
negative. An example is added usual. 

Case Sd. Mai equal to number and Shai (x^=n -i- br). 
After completion or rejection, add the square of half the 
coefficient of the Shai to the iiumlnT, and add the root of 
the sum to half the coefficient of the Shai; this is the un¬ 
known quantity. Example. What number is that w hich 
being subtracted from its square, and the remainder add¬ 
ed to its square, is 10 ? Subtract Shai from Mai and go on 
with the operation, than 2 Mnl all but Shai is equal to 
10 (2x* — x = 10); and after Je5r and Radtl, Mai is equal 
to 5 and half of Shai (x^ = 5 h-tx)* The square of half 
the coefficient of Shai and 5, is 5 and half an eighth (5i^}, 
and its root is2^; to this add the result 2^ is the num¬ 
ber sought. 

Book 9tb, contains 12 rules respecting the properties 
of numbers. As, 1st. To find the sum of the products 
multiplied into itself and into all numbers below it. Add 
1 to the number; and multiply the sum by the square of 
the number; half the product is the number sought. 

2nd. To add the odd numbers in their regulat order. 
Add 1 to the last number, and take the square of half the 
sum. 

3d. To add the even numbers from 2 upvvards. Multi¬ 
ply half the last even number by a number greater by 1 
than that lialL 

'^Oth. To add the squares of the numbers in order. Add 
1 to twice the last number, and multiply a 3d of tlic suiu^ 
by the sum of the nuiubers. 
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5th. To find the sum of the cubes i» succession, lake 

the square c»l the sUm of U»c numbers. 

6th. To find the product of the roots of two nombers. 
Multiply one by the other, and ibo root of the product is 

the answer. , , 

7th. To divide the root of one number by that ol an- 

ot.Vgr. Divide one by the other, the root ol the quotient 

IS th.« answer. . ... 

8ff). 'po find a perfect numbcc; that is, a number which 


ccive what was the slate of science in that nation •, that it 
wo-s much the same as the first treatises among the Italians, 
dJrivcd directly from the former; but that it "as much 
inferior to ibc same science among the Indians- It does 

not appear that the Arabians used algebraic notation or 
abbreliallng symbols ; that they had any know ledge of the 
Diophantine algebra, or of any but the r 

inentary parts of the science. We have seen that Baha¬ 
ul-din ascribes the invention of the numeral figurc-s, in he 


8lf,. 'Po find a perfect nuinbec; that is a number wn.cn u.-. ... ^ 

is cqu.M to the sum of its aliquot parts. (Euc . book 7. Pe^ian ^ 00 ^ 0 ^^ aritUet.c. 

■ ^*^Th(%onowiiig is an extract from a Persian treatise ol 
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^arc of the quotient is «hc square required. enlh, invented these nine figures, \ f* Tt ^ T 

f C ■■■■ PM Ivpk p l\A tm It) t tfltlPfl :)nd divided bv ftno* Th** iir^f fioiiri* on the richt hstnd they ni<i<lc 5iana lor 


10th. If any number be imiliiidicd and divided by ano- 
thcr, the proiluct multiplied by the quoticnl, is the square 
of the first number. 

1 nil. The ditVercnce of two squares is equal to the pro¬ 
duct of the sum and difference of the roots. 

12tli. If two numbers be dividc<i by each other, and the 
quotients multiplied togciher, the result is always |- 

Book lOlh contains .9 practical examples, all of which 
arc capable of solution by simple cqualions, or by posi¬ 
tion, or by retracing the step% of the operation, and some 
of them by simple proportion; so that it is needless to 

"^’tIic contusion, which marks the limits of algebraical 
knowledge in the age of the writer, is here given entire, in 
the aulhoPs words. 

« Conclusion. There are many questions in this sci¬ 
ence which learned men have to this time in vain atlempu d 
to solve; and they have stated sonic of these questions in 
their writings, to prove that this science contains diflicul- 
tics, to silence those who pretend they find nothing in it 
above their ability, to warn arithmeticians ugamsl under¬ 
taking to answer every question that may be proposed, and 
to excite men of genius to attempt their solution. Of 
these I have selected seven.—1st. To divide 10 into two 
parts, such, that when each part is added to its square 
root, and the sums are multiplied together, the product is 
equal to a supposed number.—2d. What square number 
is that, which being increased or diminished by 10, the 
sum and remainder ore both square numbers ?—3d. A 

. ^ ^ __.* • ^ -t - _^ 


The firvt figure on the right hand they made stand for 
units, the second for tens, the third for hundreds, the 
fourth for thousands. Thus, after the third rank, life 
next following is units of thousands, the second tens of 
thoii»an<ls, the thiril hundreds of lliousands, and so on. 
Every figure therefore in the first rank is the number of 
units il e-spresses; every figure in the second, the num¬ 
ber of tins which the figure expresses; in the third, the 
number of bundrcBS; and so on. When in any rank a 
figure is wanting, write a cipher like u small circle (•) to 
preserve the rank. Thus, ten is written 10, a hundred 
100, five thousand ami twenty-five 5025.” 

In short, of the Indian algebra, in its full extent, the 
Arabians seem to have been ignorant; but roost likely 
they had thi-ir algebra from the same source as their 
arithmetic. The Arabian and Persian treatises on algebra, 
like the first and old European ones, begin with arith¬ 
metic, called in those treatises the arithmetic of the Indi¬ 
ans, and have a second part on algebra; but no notice is 
taken of the origin of the latter. Mosl.likely their alge¬ 
bra, being numeral, was considered by the authors as a 
part of arithmetic. 

Though part only of the Khulasat-al-Hisab, Mr. Stra- 
cheysays, is concerning algebra, the rest, relating to arith¬ 
metic and mensuration, must be thought not wholly un¬ 
connected with the subject. It is to bo hoped that ere long 
we shall have either translations from the Sanscrit of the 
Bija Ganita and Lilawati, or perfect accounts from the 
originals: and that other Hindu books of algebra will be 


aum ftno rcniainurr urt' uuiii anginuiSi uiiu luiii uiiivi aamiuu 

person said he owed to Zaid 10 nJl but the square root of fQond» and made known to the world* But ill the mean 


what he owed to Amer, and that he owed Amer 5 all but time the Persian translations will be fouml well deserving 
the square root of what he owed Zaid.—4th. To divide.* attention; observing carefully to distinguish between 
cube number into two cube numbers.—5th. To divide 10 is interpolated, and what is original. ^ ^ 

into two parts such, that if each is divided by the other, From the preceding account of this Arabic trcatisi^ altO, 

and-thc two quotients arc added together, the sum is equal clearly seen the origlfl of the name of Algebiti, bcin^an 

to one of the parts.—6th. There arc three square numbers Arabic compound, vie, of the article al, andjefrr, which 
in continued geometric proportion, such, that the sum of jpnotes one of the modes of reducing the equations, vie, 
the three is a square number.—7lh. There is a square, bv transoosins or addins the negative terms, to make them 


the three is a square number.—7lh. There is a square, 
such, that when it is increased and diminished by its root 
and 2, the sum and the difference are squares.—Know, 
reader, that in this treatise I have collected in a small 
space the most beautiful and best rules of this science, 
more than were ever collected before in. one bonk. Do 
not underrate the value of tbishride; hide her from the 
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viow-of those who arc unworthy of her, and let her go to 
the nouse of him only who aspires to wed her." 


From the preceding account of this Arabian treatise on 
Algebra, tbe Khulasat-ul-Hisab, of Baba-ul-din, whic& i$ 
. esteemed the best in that language, we pretty clearly per- 


by transposing or adding the negative terms, to make them 
all affirmative. 

For a fuller account of the Indian and Arabian algebra, 
see my Tracts, vol. 2, p. 151, &c. 

Of algbdra in italt and oziieii farts or xu- 
RUPS. Wo have seen that algebra had probably its rise 
in Hindustan, as well as our present numeration and arith¬ 
metic, bU the rules of it having been found in tho anciei]^ 
MS*, of that country, much t^samc, in matter and fori^ 
as they appear in the first ItaUan authdrs; and am^g 
these, the two yules of false position, which arc nearly^- 
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'lii'*] to algebra, and tlic extension of which probably led 
to, and uUiinat^y tficame, the art of algebraitsclf. 'Hence 
It appears that Vhese arts passed successively into Persia, 
Arabia, Africa, and Europe. In this hist quarter it seems 
doubtful, whether their introduction was first into Spain 
or into Italy: the probability would appear to be on llic 
/side of the I'oriiicr, as it uould most likely be introduced 
by the Mqjprs on their settlement in the peninsula in the 
8th, 9th, and lOth centuries; whence it might be com¬ 
municated to Gaul and Germany and England, >.N:c. This 
route is rendered-the more probable bythe circumstance, 
that tlic early stale of the algebraic art in these countries 
was very different, and even more perfect, in several re¬ 
spects, than that in Italy, in the contemporary stages. 
And yet, on the other hand, against this probability of 
the first introduction of the art into Spain by means of 
the Moorish conquest, it may reasonably be objected, 
tliat it docs'not appear that the Arabians themselves had 
cultivated it at a time so early as the date of that conquest; 
and besides that we have nut heard of any early works on 
Algebra having ever been found in tlieS[ianish peninsula. 
It appears, however, at any rate, that Italy received the 
art by a differentToute,^though probably at a later date, 
viz, iniinedilitely from the eastern Arabians themselves, 
without tlie^huwlcJgc of any other source or communi¬ 
cation : and hence it was natural for the Italians to as¬ 
cribe the invention of the art to that people. ' 

It has usually been thought, that the lin^^troductioir 
of algebra into Italy, was about the 14tU cratury. But 
we have lately, viz, in 1797, been favoured with a new 
and very diffuse history of algebra, by Sig. Cossali, in two 
large volumes, 4to, by which it appears, that the art was 
first imported into Italy, from the cast, by Leonard Bo- 
nacci, of Pisa, who composed his arithmetic in the year 
1202, and again in 1228; adding the algebra at the end, 
as a part of it. * 

In this work of Cossali's, accounts arc given of several 
olbflcold authors, as well Italian as Arabian and Persian, 
Ac, a^mong which some were much earlier than Leonard: 
as', a Alohamed ben Musa or Moses, called also Mubamed 
of ^uziani, a place in Corasan, near the south-east point 
of the Caspian Sea. This Mohamed, it seems, in the year 
959 , travelled eastward to the confines of India, to learn 
the mathematical sciences, and afterwards to teach them; 
and wbo^ according^to Abulfaruup,in the year 9^9, wrote 
a Comnu'ntauon'Diophantus ;^e wrote also Demonstra¬ 
tions of the Prapositions in the same; and another work 
on the Universal Logistic Art, in three books. 

It seems, however, that it was Leonard Bonacci, of Pisa, 
who first introduced the art in Italy, as before mentioned. 
Leonard’s work, it appears, was a very orderly and regu¬ 
lar treatise on arithmetic and algebra, as far as it was then 
known; teaching and demonstrating all the rules, and il¬ 
lustrating them with many examples; being also much 
occupied with questions almui square and cube numbers, 
like those of Diopbantus, or rather like what we have 
seen and described among the Indians and Arabians.—In 
algebra, I^’onard distinguished three kinds of numbers, 
viz, the absolute known number in any question; then 
the unknown number, which be calls radice,lho root; 
and its square, which he calls cemus in Latin, or cetuo in 
Italian; fur his algebra extended only to the solution of 
equations of the 1st and 2d degree, the same as tha^ of 
the Indians and Arabians. The language in which the 

work was written, was in barbarous Latin, or something 
« 
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between Latin uuU Italian, when the langijagc of the 
country wai changing from the one to the other. 

In treating his subject, Leonard had no such notatjoii us 
is used by modern authors; on the contrary, he expressed 
every tiling, both the quantiti<^ and the several operations, 
b) their names, or words at full length. Those equations 
he treated of in six diti'erent idnns. which arc as follow', 
when expressed in the modern notation. 1st, x^=:ax; 
2d, = Sd, axsn; 4lh, j- h- ox = «; 5lh, x^ = ax 

•4-n; 6lh, x*4-n = ax; where x denotes the radiccy or 
quantity sought, x* its censo or square, a the number mul- 
'tiplying x, and n the absolute known number; and where 
it is remarkable that he places the terms, more or less, on 
the one »i(]e or the other, so as they may be all athrina- 
tive: alt which cases and forms arc exactly the same as 
before given by their masters the Arabians, &c. 

Now omitting the simple forms, as including b\it little 
remarkable, wo shall only consider the compound ones, or 
the solution of quadratic equations, by the method of 
completing the square, which Leonard founds on geomc' 
trical demonstration, os follows:—In the first case, it 
x* -4- ax =5 Tty then the rule is x = -e n) — 4 ^; which 

he thus demonstrates* 

Demonstr, If upon a right line bc, _ 1> 

greater than 4 ^ 4 , the square abcd bc [ I 

constructed, on the sides of which lI— - it 

’ there are taken the parts cc, cii, or, 

' DB, each equal to 4^> ^nd drawing 

the right lines £ii, po, intersecting in I__ 

I, they form the square lOCH = Bo- i. 

Supposing El = A p = BA IP = BG = Dll, to denote the 
required quantity x; then w ill the square ai or of pi =x*, 
the rectangle Bi = 4^-*^ — ^hc rectangle id. There* 

fore the whole Square ABCD =x^-+-ax H-but x’ -t-ox 
:=fi/ therefore is the same square ABCD = n -k con** 
scqucMitly the side &c = ^(n quantity 

sought X =5 BC — cc =r BC 4a = ^(n -+- 4^’)—4^* " 

2ndly. If x‘ =ax n- n; then will x ^ 4^* 

Denionstr. Let the right line bc =x, 
and the squaie upon it abcd as x\ If ' ^^ 

CB be taken = a, and the perp. eb = x» 

Then the rectangle f.d sax. Therefore 
the remaining rectangle But 

aesab * be SBC X be; therefore n _ ^ 

= BC X BE = BE^ BE X EC. If EC bO jTk 4 V 

bisected in G, then will n -t- eg* = be^ -4- be x ec -+- eg*. 
Hence ^{n eg*) ss be -h eg; and oc -h ^/{n -i- eg*) 
= GC ^ BO. So that, it being oc ^ £0 and bc 

= X, it will bc 4 g H- ^{n 4 a-) 5 = x. 

3dly. Let X* n = ax.—Here he says, if 4 ^* < n, the 
equation is impossible.—If 4 ^*=^, then is xs4a.—If 
4a' > rty then is x ss la y/iW — «), or = 4 ^ •+- v/(4«* 
-n). 

Demonstr . Draw ab representing a g y B 
a, bisected in G, and unequally di¬ 
vided in d; ami upon one of the 
unequal parts, supposed =sx,if there i? 
bc mode a square = x'. Now, if, 
in the first pla^ it ba formed on t E p 

the less part db, supposed = r; let be be produced to 
till FI bc = AB, and let ai be drawn. Then the wholo'^ 
rectangles ab = ad x bpss ax; hence, taking away the 
square be = x*, there remains the rectangle ae = ai> x 
DE = AD X DB = n; and adding to both the square gd*, 
gives AD X DB -h OD* s=« -t- OD*. But> by Eucl. n. 5, it 
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Gii*=- iu>^; 


ihcrcforc ro’ = » 


G ; 


Wiener n(>--n = Gi.\ aiul v/(UG'-n) = gd; ihcn bo- 
^(bg--«) = no - oD= on, or -") — *• 

— If ilicsquare x- be conslituud on the greater part ad, 
considered as = x; tl.en by a like process Jl wiU be 
>/(ag* — n) =s on; hence AO -f- — n) — AO -f- 

OD = A D, thal is ■+■ — n) =: x. 

Thus we see llmi Leonard derived the rules for quadra¬ 
tic equations -Irotn geometrical considerations, and even 
the double values in the possible case of x' -i- n = ax; as 
it is probable liis pre.lecessors had done, and as wc find 
his si]CCesst>rs Lucas clc Burgo and others did also. And 
this method shows tlie reason why these writers never ad- 
milted those values of x, in which « is greater than 
We farther litul, tiial neither Leonard, nor the Arabians, 
nor Indians, made any use of the form x* -*■ ax -- n s U, 
nor of the negative roots of the two forms x^ flx = n, 
and j' = o.r-*-n: it being Harriot who first departed 
from the tisual custom (of equalizing the positive terms to 
the positive in an equation), by placing all the terms on 
one side, w ith their signs or - , and made = 0 on the 
other side, tiuis i’ ± ox ± n = O; and it was Cardan who 
had the honour of show ing that, of the two forms x' ax 
= «, anil X* =s ox ft, the negative root of the one is the 


Boinbclli, in the preface to his book, writes that a work of 
Mohamed beu Musa had been shown, but it was of li(tlc 
value. And it is said that Lucas dc Burgo, the first au¬ 
thor in print, was instructed in this science at Venice, by 
Doinanico Bragadini, successor in the public chair fo the 
hanied Paolo della Pergola, bis preceptor, wiio died in 

1301). , 1 f' 

Proceed we now to the consideration ol the books ol 

Lucas dc Burgo, and other authors, whose works wc arc 

pu^osed of in print. 

tVCAS TACIOLUS, OH DE BURGO. 

It was chieHy among the Italians that this art was first 
cultivated in Europe. And the first author whose works 
were in print, was Lucas Paciolus, or Lucas di- Burgo, n 
cordelier, or minoritc friar. Me wrote scvi-ral treatises ot 
arilhinclic, algebra, and geometry, which were prinieil in 
the years 1470 , 1476, 1481, 1487, and in 14^1 his prin¬ 
cipal work, entitled Summa dc Aiiibmetica, Gcomelria, 
Proportioni, el Proportionalita, which is a very masterly 
ami complete treatise on those sciences, as they then stood. 
In this work he mentions various former writers, as Eu¬ 
clid, St. Augustine, Sacrobosco or Halifax, Boclius, Pro- 
docimo, Giordano, Bingio dii Parma, and Leoiiardus Pi- 
sanus, from whom he learned those scienew.*^ , 

The order of the work is, 1st arithmcMC< 2d algebra, 
and 3 d geometry. Of the arithmetic, the contents, and 




positive root of the other. 

It appears that Leonard Pisanos was well jikillcd ui Uie ^ ^ ^ r r ^ r t 

various ways of rclucing equations to their final simple ihe order of Uiein, arc nearly as follow, l irsl, of num- 
Stale bvall the usual methods; as addition, sublracnon, bers figuratei odd and even, perfect, prime and compobilc, 


multiplication, division, powers and roots, to free them 
from radicals, &c. He was also well acquainted with the 
modes of substitution, so as to bring out the equation in 
the lowest degree ; such as, in cases of two unknown quan¬ 
tities, instead of finding cither of them separately, he would 
first search out their sum or difference. So, for inslunce, 
in this problem, “ To divide the number 10 into two such 
parts, that from the greater part taking its own square- 
root, and to the less part adding its square root, the two 
results should be equal." Now, in this case, if in the 
common way x be made to denote one of the parts, ns the 
greater suppose, then 10 — x will denote the h*s 5 part, and 
the equation will be x — y^x = 10 — x •♦••\/(10 — x), the 
reduction of which leads to a complete equation of the 4lh 
degree. But, insU-ad of this method, Leonard employs 
the way of the half-sum and half-differcncc, as used by 
Diophanlus and the Arabians and Hindus, which has 
been accounted by some persons an artifice of the modern 
algebraisU. Thus, ifx be put to denote the half-difi'erence 
of the two parts; then 5 being their half-sum, 5 -t-x will 
be the greater, and 5 — x the less, and the equation will 
be 5-t-x — ^(5 + x) = 5 —X- 1 -^^(5 — x), which re¬ 
duces to a final quadratic, as is done by this author. 

From Pisa, os from a centre, it seems the art gradually 
spread through Tuscany and all Italy; in conscqucncd of 
which, many other authors in that country had respectable 
names before the period of the art of printing. So, we 
read that Raffacllo Canacci, a Florentine mathemaucian, 
was author of a ** Kagionamentodi Algebra," who praises 
another that preceded him, named Guglielmo di Lunis; 
of whom Canacci writes, at the beginning of his Ragiona- 
..•-^incnto, ** LaregoladcU’algibra,laqaalercgolaGhughclmo 
*'di Lunis la translate d’Arabico a nostra lingua;" whence 
some have thought, though without probability^ that the 
honour of having made Italy acquainted with algebra was 
due to Guglielmo di Lunis, rather than to Leonardo Bo- 
nacci di Pisa. Many other early authors are raeatioiicd. 


and many olhers. 'I hcn of common nnlhmctic in seven 
parts, namely, nunuration or nolalion, addition, subtrac¬ 
tion, multiplication, ilivision, progression, and extraction 
of roots. Before him, be says, duplation and mediation, 
or doubling and halving, wore accounted two rules in 
arithmetic; but that he omits them, as being included in 
multiplication and division. He ascribes the present no¬ 
tation and method of arithmetic to the Arabs; and says 
that according to some the word Abaco is a corruption of 
Modo .^rabico, but that according to others it was from a 
Greek word. 'I'his, however, must be a mistake; for 
though the Italians had those aru from the Arabs, these 
latter had them probably from the Indians. All tl^sc 
primary operations he both performs and demonstrates in 
various ways, many of which are not in use at present; 
proving them not only by what is called casting out the 
nines, but also by casting out the sevens, and otherwise. 
In the extraction of roots he uses the initial 5^ for a root; 
and when the roots can be cxtractcil, he calls them dis¬ 
crete or rational; otherwise surd, or indiscrete, or irra¬ 
tional. The square root is extracted much the saine way 
os at present, namely, dividing always the last rem'aindcr 
by double the root found ; and so he continues the stird 
roots continually nearer and nearer in vulgar fractions. 
Thus, for the root of 6 , be first finds the nearest whole 
num^r 2 , and the remainder 2 also; then J or 4 : is the 
first correction, and 2 -i the second root: its square is 6 ^, 


therefore ^ divided by 5, or ^ is the next correction, and 
24 minus or 2^ is the Sd root: its square 1367 ^ 


therefore 7 ^ divided by 4^, or correc¬ 

tion, which gives 2-^'^ for the 4t]i root, whose square 
exceeds 6 by only&tid so on continually: and 
this process he calls approximation. He observes that 
fractions, which he sets down the same way as werdu at 
present, are extracted, by taking the root of the denomi¬ 
nator, and of-the dehominated, for so he calls the nume¬ 
rator : and when mixed numbers occur, he directs to re- 
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duce the whole to a fraction, and then extract the roots of 
its two terms as above: as if it be 12y; this he reduces to 
y, and then the roots give ^ or 3^: in like manner he 
finds that is the root of 20*; 5J- the root of 30^; “ and 
so on (he adds) in infinitum;” which sliows that he knew 
how to form the series of squires by addition. He then 
extracts the cube root, by a rule much the same as that 
which is used at present; from which it appears that he 
was well acquainted with the co-efficients of the binomial * 
cubed, namely, 1, 3, 3, 1; and he directs how the opera¬ 
tion may be continued “ in infinitum” in fractions, like as 
in the square root. After this, he describes geometrical 
methods for extracting the square and cube roots instru- 
incntally: he then treats professedly of vulgar fractions, 
their reductions; addition, subtraction, and other opera¬ 
tions, much the same as at present: then of the rule-of- 
ihrec. gain-and-loss, and other rules used by merchants. 

Paciolus next enters on the algebraical part of this 
work, which he calls “ L'Artc Magiore; ditta dal vulgo 
la Uegola de la Cosa, over Alghebra e Almucabala 
, which last name he explains by restauratio et opposUio, and 
assigns a» a reason for the first name, that it treats of 
thinV above the common affairs’in business, which make 
litc urie minore. Here he mistakenly ascribes rite’inven¬ 
tion of algebra to the Arabians; and he says that the Ara¬ 
bian algebra means in Italian position, or rather opposi¬ 
tion. He denominates the series of powers, with their 
marks or abbreviations, as n*. or ntunero, the absolute or 
known number; co. or coxa, the thing or Ist power of the 
unknown’quantity; ce. or ceiuo, the product or square; 
cu. or cubo, the cube, or 3d power; ce. ce.'or censo de 
cento, the square-squared, or 4th power ; p". r"*. or prinio 
relato, or 5th power; ce. cu. or censo de cubo, the square 
of the cube, or 6tli power; and so on, compoundisig the 
numas or indices according to the multiplication of the 
numbers 2, 3; Ac, and not according to iheir sum or ad¬ 
dition, as used by Diophantus, with the Arabians and In¬ 
dians. He describes also the other characters made use 
of in this part, which are for the most part no more than 
the initials or other abbreviations of the words ihemseWes, 
after the manner of (he Indians; as for ^radtei, the 
root; 5^- radici de radici, the root of the root; 
radiH univertale, or radici lega(a, or radici tmiia ; ^ cu. 

radici cuba; and q3 quantUa, quantity; p for piu or 
plus, and m for meno or minus^ and he remarks that the 
necessity and use of these two last characters are for con¬ 
necting, by addition or subtraction, different powers to¬ 
gether ; as 3 co. p. 4 ce. m. 5 cu. p. 2 ce. ce. m. 6 that 
is, 3 cosa, piu 4 censa, meno 5 cubo, piu 2 cema^censa, 
meno 6 numeri, or, as we now write the same thing, 3x-*- 
4x* — 5x* .6. 

11 c first treats very fully of proportions and proportio¬ 
nalities, both arithmetical and geometrical, accompanied 
with u large collection of” questions concerning numbers 
ill continued proportion, resolved by a kind of algebra. 
He then treats of et Caxaym, which he says, according to 
some, is an Arabic or Phenician word, and signifies the 
Double Rule of False Position: but he here treats of both 
single and double position, as we do at present, dividing 
the el Calaym into single and double, as the Arabians and 
Indians did. He aves also a geometrical demonstration 
of both the cases oL^c errors in the double rule, namely, 
when the errors arflkth plus or both minus, and when 
the one error is plus and the other minus; and adds a 
large collkction of questions, as usual. He then goes 

Voi.. I. 


through the common operations of algebra, with ail the 
variety of signs, as to plus and minus; proving that, i<i 
multiplication and division, likesigns give plus, and unlike 
signs give minus. He next treats of different roots in in- 
Jinilum, and the extraction of roots; giving also a copious 
treatise on radicals or surds, as to thiir addition, subtrac¬ 
tion, multiplication, and division, sind that both in square 
roots and cube roots, and in the l«o together, mucli the 
same us at present. He makis In rc a digression concern¬ 
ing the 15 lines in the lOth book of Eucii<!, treating them 
as surd numbers, and tcacliing llte e.Mruciion of the roots 
of the same, or of compound surds or binomials, such us 
of 23 ;> g! 448, or of ISp 10; and giies this rule, 
among several others, namely : Divide llie first term of 
the binomial into two such parts, that their product may 
be ^ of the number in the second term ; then the roots of 
those two parts, connected by ihcir proper sign por m, is 
the root of the binomial; ns in this 23 p 5^ 448, the two 
parts of 23 arc 7 and l6‘, whose product, 112 , is ^ of 448, 
therefore their roots give 4 p 5^ 7 for the root u. 23 
p ^ 448. 

He next treats of equations both simple and quadratic, 
or simple and compound, as he calls it; and this latter 
he performs by completing the square, and then extract- 
in" (he root, just as usual. He also resolves equations 
of the simple 4tb power, and of the 4th combined with 
the 2d power, which he treats the same way as quadra¬ 
tics; expressing his rules in a kind of bad verse, and giv- 
iiig geometrical demonstrations of all the cases, the same 
as those of Leonard of Pisa, before described. Ileuses 
both the roots or values of the unknown quantity, in that 
case of the quadratics which has two positive roots; but 
he takes no notice of the negative roots in tlie otlicr two 
cases. As to any other compound equations, such as the 
cube and any other power, or the 4th and 1st, or 4th und 
3 d, &c, he gives them up as impossible, or at least he 
says that no general rule has yet been found for them, 
any more, he adds, than for the quadrature of the circle. 
—The remainder of this part is employed on rules in trade 
and merchandise, such as Fellowship, Barter, Epxchange, 
Interest, Composition or Alligation, with various othet 
cases in trade. And in the third part of the work; ho 
troaU of Geometry, both theoretical and practical. 

From this account of Lucas de Burgo’s book, wc may 
perceive what was the state of algebra about the year 1500, 
in Europe; and probably it was much the same in Africa 
and Arabia, whence the Europeans bad it. It appears 
that their knowledge extended no farther than quadiatic 
equations, of which they used only the positive roots; that 
they used only one unknown quantity; that they had no 
marks or sign; for either quantities or operations, except¬ 
ing only some few abbreviations of the words or names 
themselves; and that the art was only employed in resolv¬ 
ing certain numeral problems. So that cither the orientals 
had not carried algebra beyond quadratic equations, or 
else the Europeans had not learned the whole of tho art^ 
as it was then known tu the former^ And indeed it is not 
impossible but this might be the case: for whether (heart 
was brought to us by dn European, who, travelling into 
tho East, there learned it; or whether it was brought (o 
us by those people; in either case wc might receive the art 
only in an imperfect state, and perhaps fur short of the 
degree of perfection to which it had been carried by iheir 
best authors. And this suspicion is rendered rather pro- 
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lo be on cubic equations deposited in the library of the 
uniyersity of Levden by it.e celebrated Warner, beannga 
title, which in hntiii signifies Omar Ben Ibrahim d Oha- 
jamtei Alsehrn eubicarvm aijualtonuni, nre de probUmalum 
liOUdorum resolulione. At any rate, however, we have 
found that the Hindus, if not the Arabians, treated ot 
problems including several unknown quantities, with ap¬ 
plications of algebra to geometrical and lo mdctermmatc 
problems. 

rERRBUS AXI> CARDAK. 

After the publication of the books of Lucas dc Burgo, 
the science of algebra became more gmcrally known, and 
improved, especially by many persons in Italy ; and about 
this time, or soon after, namely, .'iboul the year 1505, the 
first rule was tbcrc found out by Scipio hcrrcus, for re¬ 
solving one case of a compouml cubic equation. Hut 
this science, as well as other branches of mathematics, 
was most of all cultivated and improved there by Hier¬ 
onymus Cardan of Bononia, a very learned man, whose 
arithmetical writings were the next ih^t appeared in print, 
namely, in the year 1539, in nine books, in the Latin lan¬ 
guage, at Milaii, where he practised physic, and read pub¬ 
lic lectures on mathematics; and in the year 1545 came 
out a 10th look, containing the whole doctrine of cubic 
equations, which had been in part revealed to him by Tar- 
talco, about the time of the publication of his first nine 
books. And as it is only this lOih book which contains 
the new discoveries in algebra, I shall here confine myself 
to it alone, as it will also afford sufficient occasion to speak 
of his manner of treating algebra in general. This book 
is divided into 40 cliapiers, in which the whole science of 
cubic equations is most amply and ably Ircalod. Chap. 1, 
treats of the nature, number, and properties, of the roots 
of equations, and particularly of single equations that have 
double roots. He begins with a few remarks on the in¬ 
vention and name of the art: calls it Ars Magnu, or Cosa, 
or Ru!et qf Alf^cbroy after Lucas de Hurgo and others; 
says It was invented by Mahomet, the son of one Moses, 
an Arabian, as is testified by Leonardus Pisanus; and that 
be left four rules or cases, which only included quadratic 
equations: that afterwards three derivatives wore added by 
an unknown author, though some think by Luchs Pacio- 
lus; and after that again three other derivatives, for the 
cube and 6tb power, by another unknown author; all 
which were resolved like quadratic^: then then Scipio 
Ferreus, professor of mathematics at Bononia, about 1505, 
found out the rule for the case cubum et-rerum numero 
aqualium, or, as we now write it, x’ -h 6x =c, which he 
speaks of as a thing admirable: that the same thing was 
next afterwards found out, in 1535, by Tartulc-n, who re¬ 
vealed it to bim,,Cardgn, after the most earnest entreaties: 
that finally, by himself and his quondam pupil Lewis Fcr- 
■ rari, the cases were greatly augmented and extended, 
namely, by all that is not here expressly ascribed to 
others; and that all the demonstrations of the rules arc his 
own, except only three adopted from Mahomet for tho 
quadratics, and two of Ferrari for cubics. 

Cardan then delivers some remaps, showing that all 
square numbers have two roots, theonc positive, and tho 
othbr negative, or, as he calls them, vera et Jicta, true and 
fictitious or false; so the lutimatio m, or root, of 9 , i« 
ther 3 or — 3; of l6 it iS4 or — 4; the 4th rout of 81 is 
3 or —S; and soon for all even denominatiomor powcla. 
And the same is remarked on compound coses of even 
powers that arc added together; as if z* -*■ 3x* =28, then 


Ihc xstimatio X is = 2 or - 2 ; but that the form x^ f- 12 
s= has four ansvvera or roots, in real numbers, two plus 
and two minus, viz, 2 or - 2, and ./3 or - while 

ihc case i' -*• 12 = 6x" has no real roots; and the c^e 
j> _ 2x’ 8 has two, namely, 2 and — 2 ; and in like 

roaniKT for other even powers. So that be includes both 
the positive and negatrie roots; but rejects wliat we now 
call imaginary ones. 1 here express the cases in our mo¬ 
dern notation, for brevity sake, as he commonly expresses 
the terms by words at full length, calling the absolute or 
known term the numero, the 1 st power the r«, the 2d llie 
quadratum, the 3d thecuium, and so on, using no mark for 
the unknown quantity, and only the initials p and m for 
plus and minus, and ^ for radix or root. 'lher«hc 
sometimes calls positio (as derived from the like quantity 
in the rule of position), and (juantUas ignola; and in sta¬ 
ling or setting down his equations, he as well as Lucas de 
Burgo hefore'’him, sets down the terms on that side where 
they will be plus, and not minus. 

On llie other hand, he remarks that the odd denomina¬ 
tions, or powers, have only'onc xstimalio, or root, and 
that true or positive, but none fictitious or negplive, and 
for this reason, that no negative number raiseil to an odd 
powei', will give a positive number; so of 2x = l(), tbo 
root is 8 only; and if 2x^= l6, the root is 2 only: and if 
there be ever so many odd denominations, added together, 
equal to a number, there will be only one xstimatio or 
root; as if x* 6x = CO, the only root is 2. Bui that 
when the signs of some of the terms arc different, as to 
plus and minus, they may have more roots ; and he shows 
certain relations of the coefficients, when ilicy have two 
or more roots : so the equation x’ l() = I2x has two 
aestimatios, the one true or 2, and the other fictitious or 
— 4, which he observes is the same as the true aesiimatio 
of the case s= 12 x -► l6, having only the sign of il\p ab¬ 
solute number changed from the former, -the 9d root 2 
being the same as the first', which therefore he docs not 
count. He next shows what are the relations of the co¬ 
efficients when a cubic equation has three roots, of which 
two arc true, and the 3d fictitious, which is always equal 
to the sum of the other two, and also equal to the true 
root of the same equation with the sign of the absolute 
number changed; thus, in the equation x^9 — 12x, 
the two true roots are 3 and 4 /5^— !•*, and the fictitious 
one is — — 1|. which last is the same as the true 

root of X* = 1 2x 9, vix, ^5i 1-i; and he here in¬ 

fers generally that the fictitious xsliroatio of the case x* 

^ ~ 5jf, always answers lo the Irpe root of 4r = 5x *4- c. 
Cardan also shows what the relation of the coefficients is, 
when the case haS no true roots, but obly one fictitious 
root, which is the same as the true root of the reciprocal 
case, formed by changing the sign of the absolute number. 
Thus, the case x^ -h 21 =: 2 i has no true root, and only 
one false root, viz, — 3, which is the same as the true root 
of x’ = 2x -I- 21: and he shows in general, that changing 
tho sign of the absolute number in such cases as want the 
2d term, or chan ing Ac signs of the even terms when it 
is not wanting, changes the signs of all the three roots, 
which be alM iHuslretcs by many examples; thus, tho 
roots of X*-t-I lx* = 72 , are •*-\/40 — 4, and—3, and 
— ^’40 — 4; and the roots of x^72 = llx*, are— 
^40 4 , tind -t- 3, and 4. 

And he further observes, that the suiq of the three 
rodts, or the difference between the true and fictitious 
roots, is equal to II, the coefficient of the 2d term. He 
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also shows how certain cubic cases have one, or two, or 
three roots, according to circumstances: that the case 
x‘ d = bx* has sometimes four roots, and sometimes none 
at all, that is, no real ones : that the case j-> -n &r = ax* -t- c 
may have three true mstimatios, or positive roots, but no 
fictitious or negative ones ; and for this reason, that the 
odd powers of minus being minus, and the even powers 
plus, the two terms bx would be negative, and equal 
to a positive sum ax* -+• c, which is absurd : and I'urllier, 
that the case r* ■+■ ax* -h 6r = c has three roots, one plus 
and two minus, which are the same, with the signs changed, 
as the roots of the casex^ bx c=sax\ He also shows 
the relation of the coefficients when the equation has only 
one real root, in a variety of cases: hut that the case 

^ c s= ox* -t- bx has always one negative root, and either 
two positive roots, or none at all; the number of roots 
failing by pairs, or the impossible roots, as we now call 
them, being always in pairs. Of all these circumstances 
Cardan gives a great many particular examples in numeral 
coefficients, and subjoins geometrical demonstrations of 
the properties here enumerated; such as, that the two 
corresponding or reciprocal cases have the same root or 
roots, but witii difi'erent signs or atfections; and how 
many true or positive roots each case has. 

On the whole, it appears from this short chapter, that 
Cardan had discovered most of the principal properties of 
the roots of equations, and could point out the number 
and nature of the roots, partly from the signs of the terms, 
and partly from the magititudc and relations of the co¬ 
efficients. H« shows in effect, that when the case has all 
its roots, or when none arc impossible, the number of its 
positive roots is tbc same as the number of changes in the 
signs of the terras, when they are all brought to one side : 
that the co-efficient <»f tlie 2d term is equal to the sum of 
all the roots .positive and negative collected together, and 
consequently that when the 2d term is wanting, the posi¬ 
tive roots arc equal to the negative ones: and that the 
signs of all the routs are changed, by changing only the 
signs of the even terms: with many other just remarks 
concerning the nature of equations. 

In chap. 2, Cardan enumerates all the cases of com¬ 
pound equations of the 3d and 3d order, namely 3 qua¬ 
dratics, and ipcubics; with 44 derivatives of these two, 
that is, of the same kind, with higher denominations. 

In chap. 3 arc treated the roots of simple cases, or sim¬ 
ple equations, or at least that will reduce to such, having 
only two terms, the one equal to the other. He directs to 
depress the denominations aqually, as much as they will, 
according to the height of the least; then divide by the 
number or coefficient of the greatest; and lastly extract 
the root oh both sides. So if 20x’=lft0x*, thcn30=; 180x*, 
and^sx’, and x=y. 

Chap. 4 treats of both general and particular roots, and 
contains various definitions and observations concerning 
them. It is here shown, that the several cases of quadra¬ 
tics and cubicB have their roots of the following forms or 
kinds, namely, that the case 
X* = ax -*■ b has its root of this kind -v 3, 

3 ^ •*- ax ss b has its root of this kind 3, 

X* ft = ax has tiK>r(Mtslike 3-t-v'^2 and 3—^2, 
x’sftx -^e has its root of this kind ^4 -»• 

-4- ftz = c has its root of this kind i/\ — ^2, 
x^sox* .*■ <j has this kind of root(/lfi2t/'t, 

X* ax* =: c has this kind of root ^l6 — 2- *♦- i/4, 
where the three parts^lS, 2,1/4, are in continual pro¬ 
portion. 


Chap. 5 treats of the mstimatio of the lowe-t degree t>f 
compound cases, that is, affected quadratic equaiions; 
giving the rule for each of the three cases, which consists 
in Completing the square, Arc, as at present, and which 
was the method given by the Arabians and Hindus; and 
proving them by geometrical demonstrations from Kucl. i, 
43, and ii, 4 and 5; in which he makes some improve¬ 
ment on the demonstrations of Mahomet. And hence it 
appears that the work of this .-\rabiau author was in be¬ 
ing, and well known in Cardan’s time. 

Chap. 6, on the methods of finding new rules, contains 
some curious speculations concerning the scjuares and 
cubes of binomial and residual quantities, and the propor¬ 
tions of the terms of which tlu-y consist, shown from gco- 
. metrical demonstrations, with many curious remarks and 
properties, forming a foundation of principles for invesu- 
gating the rules for cubic equations. 

Chap. 7 is on the transmutation of equations, showing 
how to change them from one form to another, by taking 
away certain terms out of them; as x^ax*z:c, to 
x^= ftx -I- d, &c. The rules are demonstrated geometri¬ 
cally ; and a table is added, of ilie forms into which any 
given cases will reduce; which transformations arc ex¬ 
tended to equations of the 4th and 5th order. And hence 
it appears that Cardan knew how to take away any term 
out of an equation. 

Chap. 8 shows generally how to find the root of any such 
equation as this, ax“ = x“ ft, where m and « arc any ex¬ 
ponents whatever, but n the greater; and the rule is, to 
separate or divide the coefficient a into two such parts r 
and a — 2 , as that the absolute number ft shiill be equal to 

m 

(a—®, the product of the one part a — z, and the 
power of the other part: then the root x is = 

1 

B*—", The rule is general for quadratics, cubics, and ail 
the higher powers: and could not have been formed with¬ 
out the knowledge of the composition of the terms from 
tbc roots of the equation. 

Chap. 9 and 10 contain the resolution of various ques¬ 
tions producing equations not higher than quadratics. 

Chap. 11 is on the case or form x* 3ftx = 2c. Cardan 
now comes to the actual resolution of the first cose of cu¬ 
bic equations. He begins with relating a short history of 
the invention of it, observing that it was first found out, 
about thirty years before, by Scipio Ferreus, of Bononia, 
and by him taught to Antonio Maria Florido, of Venice, 
who having a contest afterwards with NicolasTarialca, of 
Brescia, ii gave occasion to Tartalca to find it out him¬ 
self, who after great entreaties taught it to Cardan, hut 
suppressed the demonstration. By help of the rule atone, 
however, Cardan of himself discovered the source or geo¬ 
metrical investigation, which he gives here at large, from 
£uc. ii, 4. In this process be makes use of the Greek 
letters a, C, y, &c, to denote certain indefinite numbers 
or quantities, to render the investigation general; which 
may be considered as tbc first instance of such literal no¬ 
tation in algebra. Ho then gives the rule in words at 
length, which comes to this, x=v/[v/(e* -h 4^) 4- c) 
—-¥■ 6’)'-c]; illustrating it by a variety of ex¬ 
amples ; in the resolution of which, be extracts the cubic 
roots of juch of the binomials as will admit of it, by some 
rule which he had for that purpose; such as x* -4- 6x ss 20, 
where x a 10) - V (V'lOS - 10) = (V'3 

4-I)-(^3-l)c=2. 
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Chap. 12, nr» ihe case x* s= 3Ax2<‘. Tliishe ircalscx- 

ocily as the last, nn*i finds ihe rule \o be x = 1/\c 
— -+■ which he illustrates by 

many examples, as usual. But when exceedsc"*, which 
has since been called the irreducible ease, he refers to 
another following book, called Aliza, for other rules of 
solution, to overcome this difllculty, about which ho took 
infinite pains. 

Cliap. J3, on the ease 2c = SAx. This ease, by a 
geometrical process, he reiluces to the Case in the last 
chapter; thus, find the xstiroatio y of the case y* = 3Ay 
2^, having the same coefficients as the given ease 
^ 2c = 3Ax ; then is x = 4y ± t\/( 12A — Sy’), giv¬ 
ing two roots. He shows also how to find the second 
root, when the first is known, independent of iht foregoing 
ease. From this relation of these two eases be deduces 
several corollaries, one of which is^ that the xslimatio or 
root of the caicy = 3Ay 2c, is equal to the sum of the 
roots of the case x’ -t* 2c = 3Ax. As in the example 


ly, which is 


the two roots of 


y’= l6y ■*- 21, whose sestimalio is 
equal to the sum of 3 and \/9 t *“ 
the ease x^ 21 = 

In chapters 14, 15, and l6, he treats of the three cases, 
which contain the 2d and 3d powers, but wanting the Isl 
power, according to all the varieties of the signs; which 
he performs by exterminating the 2d term, or that which 
contains the 2d power of the unknown quantity x, by sub¬ 
stituting y ± 7 the coefficient of that term for x, and so 
reducing these eases to one of the former. In these chap¬ 
ters Cardan sometimes also gives olhcx rules; thus, for the 
ease x’ -I- 3ax* =s 2c, find first the xslimatioy of the case 
y =r 3ay -+• y 2c, then is x = y* — 3a: also for the case 
X* -I- 2c =; Sox*, first find the two roots of y* -t- 2e, 


W j J 

= 3flyy2c, then is x = ^^— the two values of x according 


to the two values of y. He here also gives another rule, 
by which a second saslimatio or root is found, when the 
first is known, namely, if e be the first aestimalio, or value 
of X in the case x^ -i- 2c = 3ax*, then is the other value of 

X = Ty[(^® — *) • (5® ^01 *♦* t(3« — O' 

In chapters 17, 18, 19> 20,21, 22, 23, Curdan treats of 
the cases in which all the four torips of the equation arc 
present; and this he always etfccts by taking away the 2d 
term out of the equation, and so reducing it to one of the 
foregoing cases which want that term, giving always'geo¬ 
metrical investigations, and adding a great many examples 
of every ease of the equations. 

Chap. 24 is on the 44 derivative cases; which are only 
higher powers of the forms of quadratics, and cubics. 

Chap. 25, on impcricct and special esses; containin<v 
many particular examples when the coefficients have cer¬ 
tain relations among them, with cosy rules for finding the 
roots; also 8 other rules for the irreducible case x’ =s ix 
c. 

Chap. 26, in like manner, contains easy rules for biqua¬ 
dratics, when the coefficients have certain special rela¬ 
tions. 


the quantities themselves; De re^tla inatpialiterponendt, 
seu nroportionis ; De regula vtedii; De reguta aggregati ; 
Deregula Hbna positionis; De regula faltum ponendt, in 
which some quantities come out negative ; Quomodo exc?- 
danl paries et denominaliones mulliplicando. Among the 
foregoing collection of questions, which arc ciiicAy about 
nunrbers, there are some geometrical ones, being the ap¬ 
plication of algebra to geometry; such as, In a right- 
angled triangle, given the sum of each leg and the ad¬ 
jacent segment of the hypotenuse, ma<lc by a perpendicu¬ 
lar from the right angle, to determine the area, iac ; with 
other such geometrical questions, resolved algebraically. 

Chap. 39, De regula qua pluribus posilionibus invenimus 
ignolam quontilatem: which is employed on biquadratic 
equations. After some examples of his own, Cardan gives 
a rule of Lewis Ferrari’s, for resolving all biquadratics, 
namely, by means of a cubic equation, which I'crrari in¬ 
vestigated at his request, and which Cardan here demon- 
stralu, and applies in all its cases. The method is very 
general, and consists in forming three squares, thus: first, 
complete one side of the equation up to a square, by add¬ 
ing or subtracting some multiples or parts of some of its 
own terms on both sides, which it is always easy to do: 

2d, supposing now the three terras of this square to bebut 
one quantity, viz, the first termrof another square to 
which this same side is to be completed, by annexing the 
square of a new and assumed indeterminate quantity, 
with double the product of the roots of both ; which evi¬ 
dently forms the square of a binomial, consisting of the 
assumed intlctcrmiiiaie quantity and the root of the first 
square: Sd, the other side of the equation is then made .|| 
to become the square of a binomial also, by supposing the 
product of its Island Sd terms to be equal to the square 
of half its 2d term; for it consists of only three terras; or 
three different denominations of the original unknown 
quantity: then this equality will determine th& value of 
the assumed indeterminate quantity, by means of a cubic 
equation, and from it, that of the original ignota, by the 
equal roots of the 2d and 3d squares. Here we have a 
notable example of the use of assuming a new indetermi¬ 
nate quantity to introduce into an equation, long before 
Dcs Cartes was born, wbo made use of a like assumption 
for a similar purpose. And this method is very general, 
and is here applied to all forms of biquadratics, either 
having all their terms, or wonting some of them. To il- •' 
lustratc this rule, I shall here set down the process in one 


of his examples, tvhich is this, 


x' 


4x •+* 8 = lOx*. Now 


first subtract 2x* 4x -t- 7 from both sides, then the first 
becomes a square, viz, x* — 2x* -t- 1 or (x* — l)*=s 8x* 

— 4x — 7. Next assume the indeterminatey, and sub¬ 
tract 2jf (x* — 1) —y* from both sides, making the first 
side again a square, viz, (x — 1)* — 2y (x — 1) -i-y* or 
(X* - 1 - y)* = (8 - 2y) X* - 4x y“ 2y - 7. Of 
(bis latter side, make the product of the 1st and 3d terms 
equal (o the.squarc of half the 2d term, that is, (6 — 2y) . 
(y* 2y — 7) =s 2*, which reduces toy* -»• SO" = 2y* -t- 
. 15y; the positive roots of which aroy =: 2 or and 

Then the following chapters, from chap, 27 to chap. 38, hence, using 2 for y, the equation of equal squares be- 

conUin a great number of questions and applications of comes(x* - 1-y)*or{F-3)'= 4x*-4x + I,theroots 
various kinds, the titles of which arc these: De transiiu oTwhichgivo x* - 3 = 2x-1; and heace x* = 2x-h 2,or , 
co^tiih ipeaalu tn eapttulum tpeeiaU\ De operntionibua x* + 2x = 4; the two positive roots of which are a/6 1 ^ 

radij^^onica^ ecu mixiarumet AUellartm} Dereguia and a/5 - 1. which are two of the values of x in the 

i De regula Aurea; De regula Magna, or the method given cquaUon x* 4x 8 = lOx*. The other roots he 

of finding out solutions to CCTtain questions; De regula leaves to bo tried by the reader. 

The40th,orlast,cbap.iBcntiUed,ODmodespfg«nena 
f Uiffcrcncc of two quantities instead of supposition relating ibis art; with some rules of an uik 
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usual kind; and sEstiinalios or roots of a nature different 
from ihc foregoing ones. Some of these are as follow : It 
i’ s= ax* ■+■ Cy and i — a = y, and i : y : ; c : d; then 
is fly’ = d. 

Secondly, if -t- ox’ = c, and y = ay’ 4- c, 
then is X 4- n : y — fl : : jr »t*. 

Thirdly, when x^ 4- c = ax’, the square will be taken 
away, by putting x = y4-|a ; and then the equation be¬ 
comes y* 4- c — 2(-ya)’ = i^y- 

Cardan adds some other remarks concerning the solu¬ 
tions of certain cases and questions, all evincing the accu¬ 
racy of his skill, and the extent of his practice ; he then 
concludes the book with a remark concerning a certain 
transformation of equations, which quite astonishes us, to 
find that the same person who, through the whole work, 
has shown such a profound and critical skill in the na¬ 
ture of equations, and the solution of problems, should 
yet be ignorant of one of the most obvious transmutations 
attending them, namely, increasing or diminishing the 
roots in any proportion. Cardan having observed that the 
form x^ = 6x4-cmay be changed into another similar one, 

viz,y s= -y •+- v'-j of which the coefficient of the term 

vis the quotient arising from the coefficient of x divided by 
the absolute number of the first equation; and that the 
absolute number of the 2d equation, is the root of the 
quotient of 1 divided by the said absolute number of the 
fint; he then adds, that finding the xstimatio or root of 
the one equation from that of the other is very difficult, 
valde difficilU. 

It is matter of wonder that Cardan, among so many 
transiuuutions, should never think of substituting, instead 
of I in such equations, another posilio or root, greater or 
less than the former in any indefinite proportion, that is, 
multiplied or divided by a given number; for this would 
have led him immediately to the same transformation as 
he fnakes above, and ihut ’by a way which would have 
shown the constant proportion between the two roots. 
Thus, instead of x in the given form x* = hx c, substi¬ 
tute dt/, and it becomes (fy = bdy -♦* c; and this divided 

by tf* becomesy — ^y 4 - ^; and here if (f be taken = 

yc, is becomesy ss ^y 4- y the very transformation 

in question, and in which it is evident thdt x is = yy c, 

and y= InsU-ad of this, Cardan gives the following 

strange way of finding the one root i from the other y, 
when this latter is by any means known; viz, Multiply 

tJie first given equation by yx 4 - 1 , then add to both 

sides, and lastly extract the roots of both, which can al¬ 
ways be dune, as they will always be both of them squares; 
and the roots will give the value of x by a quadratic 
equation. 

Thus, x’ = hx c multiplied byy’x 4- 1 gives 
yV 4 - X* = fyx® 4 - (cy* 4 - h) x 4 - c; add ^ then 

yV ^ = *y 

thif^lsareyx* ^ **■ O'*) 

X 4>^ ; and this 2d-tide of the equation, be says, will al¬ 
ways have a root also. It it/ indeed true, that it will 
have an exact root; but the reason of it is not obvious, 

which is, because y is the root of the equation y ^ 


y-. Cardan has not shown the reason why this hajipciis; 

but I apprehend he made it out in this manner, viz, siiui- 
iar to the way in which he forms the last square in tlie 
case of biquadratic equations, namely, by making the pro¬ 
duct of the lit and 3d terms equal to the square of half 

the 2d term : thus, in the present case, it is 4c (%’ -*■ 

=5 (fc 4- cy’)’, which reduces toy" := ^-y 4- yi the equa¬ 
tion in question. Therefore taking y the root of the 
equationy = ~y y |, and substituting its value in the 

quantity (fy’ -t- i’ 4 - (t cy*) x 4- c, the, becomes 
a complete square. 

0/‘Cardan’s Libellus de Afiza Regula. Subjoined to 
the above treatise on cubic equations, is this Ltbellus de 
Aliza Regulri, or the algebraic logistics, in which the au¬ 
thor treats of some of the more abstruse parts of arithme¬ 
tic and algebra, especially cubic equations, with many 
more attempts on the irreducible case x^ = 4 - c. This 

book is divided into 60 chapters; but I shall only set 
down the titles of some few of them, whose contents re¬ 
quire more particular notice. 

Chap. 4. De mode redigendi quantitaies ormes, qua di^ 
cimiur laiern prima, ex decimo Euclidit in compendium. He 
treats here of all Euclid’s irrational lines, as surd numbers, 
and performs various operations with them. 

Chap. 5. Deconsideratione binoniiorum e( recisorvm, Ac,* 
ubi de trstimalione capilutorum. Contains various opera¬ 
tions of multiplying compound numbers and surds. 

Chap. 6 . De aperalionibus p: et in: (i. et 4 - and —) 
secundum comniunent usum. Here it is shown that, in mul¬ 
tiplication and division, plus always gives the same signs, 
and minus gives the contrary signs. So also in addition, 
every quantity retains its own sign ; but in subtraction 
they change the signs. That the y 4 -, or the square root 
of plus, is 4- ; but the y—, or the square root of minus 
is nothing as to common use: (but of this below.) That 
y _ i, as y — 8 is — 2. That a residual, composed 
of 4- and •— may have a root also composed of 4- 
and — : so y(5 — y24) is = ys — y2. The rules 
for the signs in multiplication and division arc illus¬ 
trated by this example ; to divide 8 by 2 4 - y6ory5 

2. Take the two corresponding residuals 2 — y 6 and 
y 6 — 2 , and by these multiply both the divisor and divi¬ 
dend; then the products arc 4- and — respectively, and 
the quoticiiu still both alike. Thus, 

Divid. Divis. Divid. Divis. 

8 ye 4 - 2 8 2 4 - ye 

ye -2 ye~ 2 2 - y/e' 2 -- ye 

y384—iCdivide-I -2 • 16 —y384div. —2 

Quot. yps — 8 . Quot. y 9 e — 8 . 

And this method of performing division of compo'und 
surds, was fully taught before him, by Lucas de Bui^o, 
namely, reducing the compound divisor to a simple quan¬ 
tity, by multiplying by the corresponding quantity, having 
the sign changed. 

In chap. 11 and 18, and elsewhere, Cardan makes a 
gcneial notation of a, b, c, d, tyfy for any indefinite quan¬ 
tities, and treats of them in a general way. 

Chap. 2. De contetixplationt p: m : (or 4- and —) 
quod ro: tn m \facit p: ef dc causis honmjuxta vaitotem. 
Cardan here demonstrates geometrically that, inmultipU- 
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calion and division, like signs give plus, and unlike signs 
give mimis. And he illustrates this numerically, by 
squaring the quantity 8, or 6 -+• 2, or 10 — 2, which 
must all produce the same thing, namely, 64. 

Among many of the chapters which treat of the irredu¬ 
cible case = tr H- c, there is a peculiar kind of way 
given in chap. 31, which is entitled DeaslimtUionegenerah 
bx ■*- c solida rocata, et operalionibiis fjin; in which 
he shows how to approximate to the root of that case, in 
a manner similar to approximating the square root and 
cube root of a number. The rule he uses for thispnrposc, 
is llic 3d in chap. 25 of the last book, and it is this: Di¬ 
vide b into two parts, such tliat the sum of the products 
of each, multiplied by the square root of the other, may be 
equal to ic; then the sum of the roots of y I 
these parts is the sstimatio or value of .x’ 
xrequired. So,of tliiscquation lOx 3 1 

4* 24; thetwo parts arepand 1, and their 3-»-9ur l2=:fC, 
roots 3 and 1, and their sum 4 = x, as x:=5-»-l = 4. 
in the margin. Again, take x’ 6x -*■ 1. Here he in* 
vents a new notation to express the root or radix, which 
he calls solida, viz, x = ^tolidn 6 in that-is, the roots 
of the two parts of 6, so that each part multiplied by the 
root of the other, the two products may be 4 or -Jc. Then 
fo free this from fractions, and make the operation easier, 
multiply that root by some number, as suppose 4, that is, 
the square part 6 by the square of 4, and the solid part ^ 
by the cube of 4; then x *= ^v^johrfa 96 in 32. Now, 
by a few trials, it is found that the parts are 

nearly 95^ and which give too much, 
or 95-^ and VW» which give too little, 
and thereof 95|^ and y** are still nearer. Divide both by 
4* or 16 , then 5.{-^ ana .(^t quotients. And the 

sum of their roots, or i s= "** V^tts nearly the 

value of the root x. 

Chap. 42. De duplici aquatione comparanda in capiiulo 
cubi et numcri aqualium rebus. Treats of the two positive 
roots of that case, neglecting the negative one; and show¬ 
ing, not only that the case has two' such roots, but that 
the same number may bo the common root of innumera¬ 
ble equations. 

Chap, 57 . De iractatione astimationis generalUcapituli x^ 
=s 6x -h c. Cardan hero again resumes the consideration 
of the irreducible ease, making ingenious* observations 
upon it, but still without obtaining the root by a general 
rule. In this place also, as well os elsewhere, he shows 
how to'form an equation in this case, that shall have a 
given binomial root, as suppose n, where the equa¬ 

tion will be z* = (m ■+. 3n*) x -t- 2n(m — n’), having 
■+• n for one root, namely the positive root. From 
which it appears that he was well acquainted with the 
composition of cubic equations from given roots. 

Chap. 59 . . De ordine et exemplU tn tnWmm leeundo et 
quinto. Contains a great many numeral forms of the 
saniv irreducible ease s= c, with their roots; from 
which arc derived these following cases, with many^u- 
rious remarks. As, when 

= ( c •+■ 1 ) X e» then x ss y/( e -t- 

X* = (ic 4) X c, then z = h-, i) -i- 4 , 

X* =s (4c -I- 9) * then * = ^(40 -»* |) -t- 4 . 

x» =3 ( 4 c 1 - 16 ) z -+• c, then x =s v'( 4 c + y) + 4 . 

^ = (Ic -t- «*) X -t- c, then X = '** ^^ ■** ^* 

Chap. 60 . Demonsiraiio generalis capituU euii a^ualii re¬ 
bus et numero, Ttxis demonstration of the irreducible case 
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is geometrical, like all the rest. Some more ingenious re¬ 
marks arc again added, as if he reluctantly finished the 
book, without perfccily overcoming the difficulty of the ir¬ 
reducible ease. Cardan here also uses the le tters a and b 
for any two indefinite numbers, in order to show the form 

and manner of the arithmetical operations : thus - is the 
fraction for thcirquoticnt,also or the square root 

of that quotient, and l/j ‘he cube root of it, &C. 

Having considered the chief contents of Cardan’s alge¬ 
bra, it will now be proper to sum them up, and set down 
a list of the improvements made by him, as collcclcd from 
his writings. 

And 1st, Tartalea having only communicated to him 
the rules for resolving these three eases of cubic equa¬ 
tions, viz, 

-h bz =s c,! he tlicncc raised a very large and complete 

=s tx c, > work, laying down rules for all forms and 

-i- c Ax, ) varieties of cubic equations, having all their 
terms, or wanting any of them, and having all possible 
varieties of signs; demon^^rali^g all these rules geometri¬ 
cally; and treating very fully of almost ell kinds of imns- 
formations of equations, in a manner before unknown. 

2d, It appears that he was well acquainted with all 
the roots of e(|unliuns that are real, both positive and ne- 
galive; or, as he calls them, true and fictitious; and 
that he made use oftlicm both occasionally. He also showed 
that the even roots of positive quantities, arc either posi¬ 
tive or negative ; that the oihi routs of negative quantities, 
arc real nnd negative; but that the even roots ot them are 
iinpossihle, or nothing as to common use. He was also 
ac(|uuinicd with the 

Sd, Number and nature of the roots of an equation, 
and that partly from the signs of the terms, and partly 
from the magnitude and relation of the coefficients. He 
also knew, 

4th, That the number of positive roots is equal to the 
number of changes of the signs of the terms. 

5th, That the coefficient of the second term of the 
equation, is the difiercnce between the positive and nega¬ 
tive roots. 

6 th, That when the second term is wanting, the sum 
of the negative roots is equal to the sum of the posi¬ 
tive roots. I 

7th, How to compose equations that shall have pven 
roots. 

8 th, That, changing the signs of the even terms, 
changes the signs ofull the roots. 

9 th, That the number of roots failed in pairs ; or what 
we now call impossible roots were always in pairs. 

10th, To change the equation from one form to another, 
by taking away any term out of it. 

llth, To increase or diminish the roots by a given 
quantity. It appears also, 

12th, That ho had a rule for extracting the cube root 
of such binomials as admit of extraction. 

13th, That he;oftcn used the Ktcral nototion a, b, c, d, 
6 cc. 

14th, That he gave a nilc for biquadratic equj^ons, 
sulking all their eases; and that, in the investiga*n of 
that rule, he made vse of an assumed indeterminate quan¬ 
tity, and afterwards found its value by the arbitrary as¬ 
sumption of a relation between the terms. 
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15th, That he applied algebra to the resolution of geo¬ 
metrical problems. And, 

l6th. That he was well acquainted with the difliculty of 
what is called theirreducible case, viz, ss h ^ c, upon 
which he spent a great deal of time, in attempting to 
overcome it. And though he did not fully succeed in this 
Ciise, any more than other persons have done since, 
he nevertheless made many ingenious observations about 
it, laying down rules for many particular forms of it, and 
showing how to approximate very nearly to the root in all 
cases whatever. 

Cardan died at Rome in the year 1575. 

OF TARTALEA. 

Nicholas Tartalea, or Tartaglia, of Brescia, was con¬ 
temporary with Cardan, and was probably older than 
he was; but I do not know of any book of algebra 
published by liim till the year 1546, the year after the 
date of Cardan’s w«irk on Cubic Kquations, when he 
printed his Quesiti et Invcntioni (iiver>c, at Venice, where 
he resided as a public lecturer on mathematics, 'I'liis 
work is dedicated to rmr king Henry the bth of Lnglund, 
and consists (>f nine Looks, containing answers to vaiious 
questions which had been proposed to him at diiferent 
times, concerning mechanics, statics, hydrostatics, Ac; 
but it is only the <llh, or last book, that we sliali have 
occasion to take notice of in this place, as it contains all 
those questions which relate to arithmetic and algebra- 
These are all set down in chronological order, forming a 
pretty collection of questions and solutions on those sub¬ 
jects, with a short account of the occasion of each of 
them. Among these, the correspondence between him 
and Cardan forms a remarkable part, as we have here 
the history of (lie invention of the rules for cubic equations, 
which he communicated to Cardan, under the promise, 
and indeed oath, to keep them secret, on the 25th of 
March, I53<). But, notwithstanding his oath, Ending 
that Cardan published thorn in 1545, as above related, it 
■ seems Tartalea published the correspondence between 
them, in revenge for his breach of faith ; and it elsewhere 
appears, t)ial many other sharp bickerings passed between 
them on the same account, which only ended with the 
the death ofTartulea, in the year*1557. 

It seems it was a common practice among the mathe¬ 
maticians, and others, of (hat time, as In most other times, 
to send to each other curious and difficult gucsiions, as 
trials of skill; and to ibis circumstance it is (hat we owe 
the principal questions and discoTcrics in this collection, 
as well as many of ihe best discoveries of other authors. 
The collection now beCprc us contains questions and solu¬ 
tions, with their dates, in a regular order; from the year 
1521, and ending in 1541, in 42 dialogues, (he last of 
which is with an English gentleman, namely, Mr. Richard 
Wentworth, who it seems was no mean mathematician, 
and who learned some algebra^i &c, of Tartalea, while he 
resided at Venice. The questions at first are mostly very 
easy ones in arithmetic, but gradually become more diffi¬ 
cult, and exercising simple and quad/alic equations, with 
complex calculations of radical quantities: all showing 
that he was well skilled in the art of algebra as it then 
stood, and that he was very ingenious in applying it to the 
solution of questions. Tartalea made no alteration in the 
notation or forms of expression used by Lucas de Burgo, 
calling the first |H)wer of the unknown quantity, in his 
langua^, com, the second power cense, the third aibo, dec, 
and writing the names ofall the operationsin words atlengtb, 
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without using any contractions, except the iniiiul Ri. for 
Toot or radicalily. So that the only thing remarkable in 
this collection, is the discovery of the rules for cubic equa¬ 
tions, with the curious circumstances attending the same. 

'I'he first two of these were discovered by Tartalea in 
the year 1530, namely, for the two cases ar ax* = c, 
ami = nr c, as appears by Quest. 14 and 25 of this 
collection, on occasion ofa question then proposed to him 
by one Zuanni de Tonini da Coi or Colic, John Hill, who 
kept a school at Brescia. And from the 25tli question wc 
learn, that he discovered the rules for the other two cases 
i’ -1- c, und r’s -I- c, on the 12th and 13th of 

February, 1535, at Venice, where he had conic to reside 
the year before. And the occasion of it was this : 'I'here 
was then at Venice one Antonio Maria Fiore or f'lorido, 
who^ by his own account, had received from his preceptor 
Scipio Farreo, about thirty years before, a general rule for 
resolving the case x-*-i-= c. Being a captious man, 
and pr<-suming on this discovery, Florido used to brave his 
contemporaries, and by his insults provoked Tartalea to 
enter into a wager with him, that each should propose to 
the other SOiliffercnt questions; and that he who soonest 
resolved those of bis adversary, should win'from him as 
many treats fur himsilf and friends. These questions 
were to be pruposeil on a certain day at sonic weeks dis¬ 
tance ; and Tartalea made such good use of his time, that 
eight days before the li.T)e appointed for delivering the pro¬ 
positions, be discovered the rules both for the case fcx 
sr: c, and the case x^ ^ ix -h c. He therefore proposed 
several of his questions, so as to fall cither on this latter 
case, or on the cases of the cube and square, expecting 
that his adversary would propose his in (he former. And 
what lie suspected fell out accordingly; (he consequence 
of which wiis, that on the day of meeting Tartalea resolved 
all his adversary's questions in the space of two hours, 
without receiving one answer from Florido in return; to 
whom, however, Tartalea generously remitted the forfeit 
of the 30 treats won of him. 

Question 31 first brings us acquainted with the corre¬ 
spondence between Tartalea and Cardan. This corre¬ 
spondence is very curious, and would well deserve to be 
given at full length in their own words, if it were not too 
long for this place. I may enlarge farther upon it under 
the article Cubic Equationsi but must here he content with 
a brief abstract only. Cardan was then a respectable phy¬ 
sician, and Iccturerin mathematic^, at Milan ; who having 
nearly finished the printing of a large work on arithmetic, 
algebra, and geometry, and having heard of Tartalea’s dis¬ 
coveries in cubic equations, he was very desirous of draw¬ 
ing those rules from him, that he might add them to bis 
book before it was finished. For this purpose, he first ap¬ 
plied to Tartalea, by means of a third person, a bookseller, 
whom he sent to him, in the beginning of the year 1539> 
with many flattering compliments, and offers of his ser¬ 
vices and friendship, &c, accompanied with some critical 
questions for him to resolve, according to the custom of 
the tiroes. Tartalea however refused to disclose bis rules 
to any one; os the knowledge of them gained him great 
reputation among all people, and gave him great advan¬ 
tage over bis competitors for fame, who were commonly 
afraid of him oa account of those very rules. He only 
sent Cardan therefore, at bis request, a copy of the 
30 questions which had been proposed to biro in the con¬ 
test with Florido. 

' Not to bo rebuffed so easily) Cardan next applied, in 
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tliC most urgent manner, by Irtfcr, to Tarlalea; which 
however procured from him only the solution of some 
other questions proposed by Cardan^ and of a few of the 
questions that had been proposed to Florido, but none of 
their solutions. Finding he could not thus prevail, with 
all his fair promises, Cardan then fell upon another 
scheme. There was at Milan a certain Marquis dal 
Vasto, a great patron of Cardan, and, it was said, of 
learned men in general. Cardan conceived the idea of 
making use of the influence of this nobleman to draw 
Tarlalea to Milan, hoping that then, by personal entrea¬ 
ties, he should succeed in drawing the long-concealed 
rules from him. Accordingly he wrote a second letter 
to Tartalca, much in the same strain with the former, 
Strongly inviting him to come and spend a few days in his 
house at Milan, and representing that, having often com¬ 
mended him in the highest terms to the marquis, this no¬ 
bleman desired much to sec him ; for which ri^ason Car¬ 
dan advised him, as a friend, to Come to visit them at Mi¬ 
lan, as it might be greatly to his interest, the marquis be¬ 
ing very liberal and bountiful; and he besides gave Tar- 
talea to understand, that it might be dangerous to «>ftend 
such a man by refusing to come, who might, in that case, 
take offence, and do him some injury. This manoeuvre 
had the desired effect: Tarlalea on this occasion laments 
to himself in these words, “ Uy this I am reduced tn a 
great dilemma; for if I go not to Milan, the marquis may 
take it amiss, and some evil may befall me on that ac¬ 
count ; 1 shall therefore go, though very unwillingly." 
When he arrived at Milan, hoXvever, the marquis was 
gone to Vigeveno ; and Tarlalea was prevailed on to stay 
three days with Cardan, in expectation of the marquis re¬ 
turning ; at the end of which time he set out from Milan, 
with a letter from Cardan, to go to Vigeveno to thaj no¬ 
bleman. While Tarlalea was at Milan the three days, 
Cardan plied him by all possible means, to draw from 
him the rules for (he cubic equations; and at length, just 
as Tartaica was about to depart from Milan, on the 25(h 
of March, 1539> he was overcome by the most solemn 
protestations of secrecy that could be made. Cardan 
says, I shall swear to you on the holy evangelists, and 
by the honour of a gentleman, not only never to publish 
your inventions, if you reveal them to me; but I also 
promise to you, and pledge my faith as a true Christian, 
to note them down in cyphers, so that after my death no 
other person may be able to understand them." To (his 
Tartalea replies, " If I refuse to give credit to these as¬ 
surances, 1 should deservedly be accounted utterly void 
of belief. But as I intend to ride to Vigcvcno,'to see his 
excellency the marquis, as I have been here now these 
three days, and am weary of waiting so long; whenever 
1 return therefore, I promise to show you the whole." 
Cardan answers, " Since you determine at any rate to go 
to Vigevenu to the marquis, I shall give you a letter for 
bis excellency, that he may know who you are. But now 
before you depart, 1 entreat you to show me the rule for 
the equations, as you have promised." ** 1 am content," 
savs Tartalea: but you must know, that to be able on 
all occasions to remember such operations, I have brought 
the rule into rhyme; for if I had not used that precau¬ 
tion, I should often have forgot-it; and though my rhymes 
are not very good, 1 do not value that, as it is su^cient 
that they serve to bring the nile to mind as often as I re¬ 
peat them. 1 shall here write the rule with my own hand, 
tbtt^you may be sure I give you the discovery exactly." 


These rude verses contain, in rather dark pd enigmatical 
language, the rule for ;hesc three eases, viz, 
r* 4 - Aj = c,*! which differ howwer only in the sigp of 
= Ax c, V one quantity, and' the rule amounts to 
i^ + c = Ar,J this: Find two numbers^ z andy, such . 
that their difference in the first qase, and their sum In the 
2 d and 3d, may be equal to c the absolute nui^bcr, and 
their product cquaK to the cube of ^ of A the coeflicient 
of the less power; then the «)ifferencc of ilieir cube roots 
will be equal to x in the first ease, and the sum of thar 
cube roots equal to x in the 2d and 3d eases: that is, 
taking s —y = c in the first case, or z -t- y = c in the 2d 
and 3d, and xy = (-JA)’; then x =s - ^/y in the first 
case, and i = ^2 -t- ^y in the other two. At parting, 
Tarlalea. fails not again to remind Cardan of his obliga¬ 
tion : “ Now your excellency will remember not to break 
your promised faith, for if unhappily you should insert 
these rules either in the work you are now printing, or iu 
any other, though you should even give them under iny 
name, and as of my invention, I promise and swear that 
I shall immediately print another work that will not be 
very pleasing to you," “ Doubt not," says Cardan, ‘*but 
that I shall observe what I have promised: Go.^and rest 
secure as to that point; and give this letter, of mine to the 
marquis." It should seem, however,,that Tartalea was 
much displeased at having suffered himself to be worried 
as it were out of his rules; for as soon as he quitted Mi¬ 
lan, instead of going to wait upon the marquis^ he turned 
his horse’s head, anil mde straight home to Veiiide, saying 
to himMlf, “ By my faith 1 shall not go to yigeveno, but 
shall rSurn to Venice, come of it what will." 

After Tartalea’s departure, it seems Cardan appliedhtra- 
self immediately to resolving some examples in the cubic 
equations by Ihc new rules, but not succeeding in them; 
for indeed he. had mistaken the .words, as it was very cosy 
to do In such bad verses, Itaving mistaken (.JAj’for 
or the cube of of the coelficicnl, for | of the cube of 
the coeflicient; accordingly we find him writing to Tarta- 
Ica in 14 days after the above, blaming him much for bis 
abrupt departure without seeing the marquis, who was so 
libecal a prince, ho said, and requesting 'Fartalea to re¬ 
solve him the example 1® - 1 - 3r = 10. This Tartalea did 
to his satisfaction, rightly guessing at the nature of his 
mistake; and concludes his answer with thesecinphalical 
words, Uemember your promise." On the 12ll» of May 
following, Carcian returns him a letter of thanks, together 
with a copy of his book, saying, “ As to my work, just 
finished, to remove your suspicion, 1 send you a copy, 
but unbound, as it is yet too fresb»tn be beaten. But us 
. to the doubt you express lest 1 may pri'nl your inventions, 
my faith, which I gave you with an oath, should satisfy 
you; for as to the finishing of ipy book, that could be 
no security, ns I could always add to it whenever I please. 
But on account of the dignity of the thing, I excuse you 
for not relying on that wbicli you ought to have done, 
namely, on the faith of a gentleman, instead of the finish^ 
ing of a book, which might at any time be enlarged by 
the addition of new chapters; and there arc besides a 
thousand other ways. But llio security consists in this, 
that there is no greater treachery than to break one’s 
faith, and to aggrieve those who have given us pleasure. 
And when you shall try me, you will find whether 1 be 
your friend or not, and whether 1 shall make an ungrate¬ 
ful return for your friendship, and the salisfacUon you 
have ^ven me." 
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It was within less than two monihs after this, however, 
that Tarlalea received the alarming news of Cardan’s 
showing some symptoms of breaking the faith he had so 
lately pledged to him; this was in a letter from a quon¬ 
dam pupil of his, in which he writes, “ A friend of mine 
at Milarr has written to me, that Dr. Cardano is composing 
another algebraical work, concerning some lately-disco¬ 
vered rules; Jiencc I imagine they may be those same 
rules which you told me you had taught him ; so (hat 1 
fear he will deceive you." To which Tartaloa replies, 

“ I am heartily grieved at the news you inform me of, 
concerning Dr. Cardano of Milan ; for if it be true, tliey 
can be no other rules but those I gave him ; and there¬ 
fore the proverb truly says, ‘ That which you wish not to 
be known, tell to nobody.’ Pray endeavour to learn more 
of this matter, and inform me of it.” 

Tarlalea, after this, kept on the reserve with Cardan, 
not answering several letters be sent him, till one written 
on the 4th of August the same year, ld39, complaining 
greatly of Tartalca’s neglect of him, and further request¬ 
ing bis assistance to clear up the difficulty of the irredu¬ 
cible case ss bx c, which Cardan bad thus early 
been embarrassed with: he says that when exceeds 
the rule cannot bo applied to the equation in hand, 
because of the square root of the negative quantities. On 
this occasion Tartalca turns the tables on Cardan, and 
plays his own game back upon him ; for being aware of 
the above difficulty, and unable to overcome it bimself, 
he wanted to try if Cardan could be encouraged to ac- 
comph'sli it, by pretending (hat the case might be done, 
though in another way. Ho says thus (o himself, ** I 
have a good mind to give no answer to this letter, no more 
than to the other two. However I will answer it, If it 
be but to let him know what 1 have been told of him. 
And as I perceive that a suspicion has arisen concerning 
the difliculty or obstacle in the rule for the ca«e =bx 
-v- e, 1 have a mind to try if he can alter the data in 
hand, so as to remove the said obstacle, and to change 
the rule into another form, though 1 believe indeed that 
it cannot be done; however there is no harm in trying." 
—“ M. Hieronime, 1 have received your letter, in which 
you write that you understand the rule for the case x^ = 
ox e-, but that when (-^4)’ exceeds you cannot 

resolve the equation by fidlowing the rule, and therefore 
you request me to give you the solution of this equation 
** = 9r -h 10. To jlrhicb 1 reply, that you have not 
lised a good method in that case, and that your whole 
process is entirely false. And as to resolving yon the 
oquaiioD you have sent, I must say that i am very sorry 
that I have already given you so much as I have done ; 
for I have been informed, by a credible person, that you 
are about to publish another algebraical work, and that 
you have been boasting through Milan of having disco* 
vered some new rules in algebra. Rut, take notice, that 
if you break your faith with roe, 1 shall certainly keep 
my word with you, nay, I even assure you to do more 
than I promised." In Cardan’s Answer to this he says, 

“ You have been roisinformed os to my intention to pub¬ 
lish more on algebra. But I suppose you have heard 
something about ray work De Mysteriis jEternitatis, 
which you tako for tome algebra I intend to publish. As 
to your repenting of having given me your rules, I am not 
to DC mov^ from the faith 1 promised you for any thing 
you say." To this, and many other things contained’in 
the same letter, Tartalca returned no answer, being still 
Vou I. 
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suspicions of Cardan’s intentions, and declining any morv 
corrcspondeiico with him. 

This however did not discourage C. for we find him 
writing again to T. on the 5th of January, 1540, to clear 
up another difficulty which l>:id occurred in this Lusines', 
namedy, to extract the cube root of the binomials, ot 
which the two parts of the rule always consisted, and for 
which purpose it seems C. hail not yet foiuid out a rule. 
On (his occasion he informs T. that his i|Uondam compe¬ 
titor Zuanne Colic had come to Milan, where, in some 
contests Ix-tyveen them, CoDe gave Cardan to understand 
that he had found out the rules for the two cases -*■ 
bx = c, and x^ = Ox c, and further that he had disco¬ 
vered a general rule for extracting the cube roots of all 
such binomials as can be extracted ; and tliat, in parti¬ 
cular, the cube root of .y^lOS lO is ■+■ J, and that 
of 108 — 10 is — l,and consequently that^(V 108 

10) - l/i^lOS - 10 ) is = (^3 -el) - (^/3- 1) 

= 2. He then earnestly entreats T. to try to find out 
the rule, and tlie solution of certain other questions which 
had been proposed to him by Colle. By this letter T. is 
still more confirmed in his resolutions of silence ; so that, 
without returning any answer, he only sets down among 
his own memorandums some curious remarks on the 
contents of the letter, and then concludes to himself, 
“ Wherefore I do not choose to answer him again, as I 
have no more affection for him than for M. Zuanne, and 
therefore I shall leave the matter between them.” .Among 
those remarks he sets di«wn a rule for extracting the cube 
root of such binomials as can be extracted, and that is 
done from either member of the binomial alone, thus : 
Take either term of the binomial, and divide it into two 
such parts that one of them may be a complete cube, and 
the other part exactly divisible by 3; then the cube root 
of the said cubic part will be one terra of the required 
root, and (he square root of the quotient arising from the 
division of -f of the 2 d part by the cube root of the first, 
will be the other member of the root sought. This rule 
wi^ be better understood in characters thus: let m be one 
member of the given binomial, whose cube root is sought; 
and let it be divided into the two parts n? and 3b, so that 

a’ be = «; then is o the cube root required, 

if.it has one. llius, in the quantity v/lOS -h 10 , taking 
the term 10 for m, then 10 divides into 1 and 9 , where 

= 1 or a = 1, and 3b ^ 9 or 6 = 3: therefore a •+■ 

becomes I v^3 for the cube root of v^l08 10 , 

And taking the other member v'fOS, this divides into 
the two equal parts ^^27 and v^27, making o’ sss ^Q7, 
and 36 = \/27 i hence a =: ^3, and b = ^3 also; con¬ 
sequently a y/- is = 4^3 -♦* or ^3 1 for the 

cube root of the binomial souglif, the same os before. 
“And thus," beadds, “wc may know whcthcrany proposed 
binomial or residual be a cube or a noncube ; for if it be 
a cube, the same two terms for the root roust arise iVom 
both the given terms separately; and if the two terms of 
the root cannot thus be brought to agree both ways, such 
binomial or residual will not be a cube." And thus ends 
the correapondenco between them, at least for this time. 
But it seems they had still more violent disputes when C. 
in violation of bis faith, so often pledged to the contrary, 
published his work on cubic equations 4 years afterwards, 
vi 2 , in the year 1646, of which we have before given an 
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account, wl.icli disinitcs, it appcaR> continued till the 
death of Tarlalea in the year 1557. 

The last article in the volume cont^ns a dialogue on 
some other forms of cubic equations, in the year !54l, 
between T. and Mr. Richard Wentworth, the English 
gentlenum before-mentioned, who it seems had resided 
some time at I'cnice, on some public service from England, 
n< r. in the dedication of the volume to Henry viii, king 
of England, makes mention of him as “ a gentleman of 
his sacred majesty.” Mr. Wentworth had learned some 
mathematics of 'l . and being about to depart for England, 
requests T. to show him his newly discovered rules for 
«ubic equations, ns a farewell lesson j and it is worth 
while to note a few particulars in this conference, as they 
show pretty well the limited knowledge of T. at that time, 
as to the nature and roots of such equations. 1 . had be¬ 
fore, it seems, showed Mr. W. the rules for the cases of 
the 3 d and 1 st powers, and now the latter desires him to 
do the same as to the three eases in which the 3d and 2d 
ponors only are concerned. On this T. professes great 
gratitude to Mr. W. for many obligations, but desires to 
be excused from giving him the rules for these, because 
he says he intends soon to compose a new work on Arith¬ 
metic, Geometry, and Algebra, which he intends to de¬ 
dicate to him, and in which he means to insert all his 
new discoveries. On Mr. W. urging him further, how- 
ever, T. gives him the roots of some equations of that 
kinil, as for instance : 

If 4- 6V = 100 , then 

x=^/(42 ^/ 17000 ) -^t/(42“'\/17000)-2. 

If X* .+• px* = 100 , then X = v'2+ — 2. 

If a* •+• 3 x’ — 2, then x “ ^3 “ I. ^ 

If X* -I- 4 5x*, then x = -i- 2. 

If x^ -h 6 = 7x’, then x =v^l5 3. 

But he docs not mention the rules for finding them. 

In the course of the cbnvcrsaiion T. tells him that “all 
such equations admit of two different answers, and per¬ 
haps more ; and hence it follows that they have, or admit 
of, two different rules, and perhqps more, the one more 
difficult than the other.” And on Mr. W. expressing nis 
wonder at this circumstance of a plurality of roots, T. 
replies, “ It is however very true, though hardly to be 
believed, and indeed if experience had not confirmed it, 

I should scarcely have believed it myself?* He then com¬ 
mits H strange blunder in an cxninplc which he takes to 
illustrate this by, namely the equation x* -i- 3x = 14, 
which, he says, it is evident has the number 2 for one of 
its roots; and yet, he adds, " Whoever shall resolve the 
same equation by my rule, will find the value of x to,be 
V(7 V'SO) -•-\/(7 — vf50), which is proved to be a 
true root by substituting it in the equation for x. And 
therefore,'’' continues be, “ it is manifest that the case r* -t- 
br ss c admits of two rules, namely, one (os in the above 
example) which ought to give the value of x rational, 
viz, 2 , and (he other is my rule, which gives the value of 
X irrational, as appears above; and there is n'ason to 
think that (here may be such a rule as will give the value 
of X = 2 , though our ancestors may not have found it 
out.”— '■ ■“ And these two different answers will be found 
not only in every equation of this form x^ ^ &x s t% 
when the value of x happens to be rational, as in the ex¬ 
ample x’ -t- 3x = 14 above, but the same will also happen 
in all the other five forms of cubic equations: and there¬ 
fore there is reason to think that they also admit of two 
ditferont rules; and by certain circumstances attending 


) 

some of them, I am almost certain that (hey admit of 
more than two rules, as, God willing, 1 shall soon demon¬ 
strate.” 

Now all this discourse shows a strange mixture of 
knowledge and ignorance. It is very probable that he had 
met with some equations which admit of a plurality of 
roots; indeed it was hardly possible for him to avoid it: 
but it seems he had no suspicion what the number of roots 
might be, nor that his reasoning in this instance was 
founiled on an error of his own, mistaking the root x =s 
i/(7 -f v'iO) -I- ’-'(7 — of the equation r’ -t- 

3 x ss 14, for a different root from the number or root 2 , 
when in reality it is the very same, as he might easily 
have found, if be bad extracted the cube roots of the bi¬ 
nomials by the rule which he himself had just given above 
for that purpose: for by that rule he would have found 
^(7 f ^50) = 1 •+• v'Sjand^C? — \/S0) =s 1 — v^2. 
and therefore their sum is 2 = x, the same root as the 
other, which T. thought had been difl'ereot. And besides 
this root 2, the equation in question, x’ + 3x s= 14, ad¬ 
mits of no other real roots. Nor indeed docs any equa¬ 
tion of the same form, ■+■ Ax s= c, admit of more than 
one real root. 

It seems also they had not yet discovered that all eases 
belong to the rules and forms for quadratic equations, 
which have only two powerj in them, in which the expo¬ 
nent of the one is just double of the exponent of the 
other, as x** Ax* =c; but some particular, eases only 
of this sort they jiad os yet ventured to refer to quadra- ' 
ties, as (he case x* -i- Ax* = c. But, in (lie conclusion of 
this dialogue, T. informs W. of another case of this sort 
which he had accomplished,as a notable discovery, in these 
words; “ 1 well remember,” says he, “ that in the year 
1536, on the night of St. Martin, which was on a Satur¬ 
day, meditating in bod when I could not sleep, I disco¬ 
vered the general rule for the case x* -i- Ax* = c, and also 
for the other two, its accompanying eases, in the same 
night.” And then be directs that they arc to be resolved 
like quadratics, by completing the square, &c. And in 
these resolutions it is remarkable that he uses only the 
positive roots, without taking any notice of the negative 
ones. 

Tartalea also published at ^'cnicc, in 1556, &c, a very 
large work, in folio, on Arithmetic, Gi>oinctry, and Alge¬ 
bra. This is a very complete and curious work on the 
first two branches; but that of Algebra is carried no far¬ 
ther than quadratic equations, called book thefirtt, with 
which the work terminates. It is evidently incomplete, 
owing to the death of the author, which happened before 
this latter part of the work was printed, as appears by the 
dates, and by the prefaces. It appears also, from several 
parts of this work, that the author'bad many severe con¬ 
flicts with Cardan and his friend Lewis Ferrari: and par¬ 
ticularly, (here was a public trial of skill between them, 
in the year 1547; in which it would seem that Tartalea 
had gicatly the advantage, his questions mostly remaining 
unanswered by his antagonists. 

or MICHAEL STIFELIOS. 

After the foregoing analysis of the works of the first 
algebraic writers in Italy, it will now be properito con¬ 
sider those of their conlcinporaries in Germany; where 
it is remarkable that, excepting for the discoveries in 
cubic equations, the art was in a more advanced state, 
and of a form approaching nearer to that of our modem 
algebra; the slates and circumstances indeed being so 
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di^erent. that one would almost be led to suppose they 
bad derived their knowledge of it from a different origin. 

Here Stifelius and Scheubelius were writers of the same 
time with Cardan and Tarlalea, and even before their dis* 
covenes, or publication, concernir)g the rules for cubic 
equations, Stifelius’s Arithinetica Iiitcgia, being published 
at Norimberg in 1544, the year before Cardan’s work on 
cubic equations, and is an excellent treatise, both on 
arithmetic and algebra. The work is divided into three 
books, and is prefaced with an Introduction by tbc fa- 
niou> ftlelanchthon. The first book contains a complete 
and ample Treatise on Arithmetic, the second an 
position of the lOih book of Euclid's Elements, and tbe 
third a Treatise on Algebra, being therefore properly the 
part with which we arc at present concerned. In the de¬ 
dication of this part, he ascribes the invention of algebra 
to Gcbcr, an Arabic astronomer; and mentions besides, 
tlic authon Campanus, Christ. Rudolph, and Adam Ris, 
Risen, or Gigas, whose rules and examples he has chiefly 
given. In other parts of the book he speaks, and makes 
use also, of the works of Boetius, Campanus, Cardan 
(i. e. his Arithmetic published in 1539, before the work 
on cubic equations appeared), de Cusa, Euclid, Jordan, 
Milichius, Schonenis, and Stapulensis. So that be ap¬ 
pears to have been very little acquainted indeed with any 
besides tbc German authors... 

Chap. 1. On the Rule qf Algebra, and ila paru. Stifelius 
here describes the notation and marks of powers or deno¬ 
minations as he calls them, which marks for the several 
powers are thus: 

1st, 2d, 3d, 4th, 5tb, 6tb, &c, 

55» «, 5«,&c, 

being formed from the initials of the barbarous way in 
which the Germans pronounced and wrote the Latin and 
Italic names of the powers, namely, res or cosa, zensus, 
cubo, zensi-zensus, sursolid, zcnsi-cubo, &c. And the 
coss or first power he calb the radix or root, which Is 
the first time that we meet with this word in tbc printed 
authors. He also here uses the signs or characters, -r- 
and —, fur addition and subtraction, and the first of any 
that I know of: fur in Italy they used none of these cha- 
racten fur a long time after. He has no mark however 
fo^ equality, but makes use of the word itself. 

Chap. 2. On the Parts of the Rule of Geber or Alge¬ 
bra:'teaching the various reductions by addition, sub¬ 
traction, murciplication, division, involution, and evolu¬ 
tion, &c. 

Chap. 3. On the Algorithm of Cossic numbers; teach¬ 
ing the usual operations of addition, subtraction,ynulti- 
plication, division, involution, and extraction of roots, 
much the same as they arc at present. Single terms, or 
powen, be calls simple quantities; but such asl 5 + I 
a composite or compound, and 2 % — 8 a defective one. 

raoltipncatiori and division, he proves that like signs 
give and unlike signs —. He shows that the powers 
> fitc, form a geometrical progression from 
unity( and that tbc natural series of numbers 0, 1,2, 3, 
itCj from 0, are tbe exponents of tbe cossic powers; and 
hr, for tbe first time, expressly calls them exponents; thus. 
Exponents, 0, 1, 2 , 3, 4, 5, 6, htc. 
Powers, 1, 5 , 53 , 5 f(, &c. 

he shows tbe use of the exponents, in tnultipUcation, 
(llvuson, powers, and roots, as we do at present; viz, ad¬ 
ding the exponents in multiplication, and subtracting them 
10 division, &c. And these operations be demonstrates 


from the nature of arilliinetical and geomcirital j)r’)^n.'- 
sions. It ib remarkable that these compound deiiunniia- 
tioiis of the powers arc formed from the simple onc^ ac¬ 
cording to the products of the exponents, while those ot 
Diophantus are formed according to tiie sums of them ; 
thus the 6lh power here is 3 or quadrato-cubi, but witli 
Diophantus it is cubo-cubi ; and so of utbers. Which is 
presumptive evidence that the Kuropeuns hud not taken 
their Algebra immediately from him, iiidependcni of other 
proofs. 

Chap. 4. On the extraction of the routs of cossic num¬ 
bers. He here treats of quadratic equations, which h.* 
resolves by completing the square, from Euclid ii, 4, ikc. 
Also quadratics of the higher orders, showing how to re¬ 
solve them in all cases, whatever the height may be, pro¬ 
vided tbe exponents be but in arithmetical progression, as 

4* 2* 0 / where it is plain that be nlways counts O 

f-' J . > for the expomnl of the unknown quantity in 

o’ a’ rt\ ’he absolute term. 

8 , 4, OJ 


Chap. 5, Of irrational cossic numbers, and of surd or 
negative numbers. In this treatise of radicals or irra¬ 
tionals, he first uses the character ^ to denote a root, and 
sets after it the mark of the power whose root is intended; 
as 5 for the square root of 20, and \/ ((20 for the 
cube rout of the same, and so on. He treats here also of 
negative numbers, or what he culls surd or fictitious, or 
numbers less than 0. On which he takes occasion to ob¬ 


serve, that when a geometrical progression is continued 
downwards below ], then the c.xponents of the terms, or 
the arithmetical progression, will go below 0 into nega¬ 
tive numbers, and will yet be the true exponents of tbc 
former; as in these, 

Expon. — 3, — 2, — 1, 0, I, 2, 3, 

Pow. 1 , 2, 4, 8, 

And he gives cxampK>s to show that these negative c.xpo- 
nents perform their office the same as the positive ones, in 
all the operations. 

Chap. G. On the perfection of the Rule of Algebra, ami 
of Secondary Roots. In the reduction of equations, be 
uses a more general rule than those who bad preceded 
him, who detailed the rule in a multitude of cases; in¬ 
stead of which, he directs to multiply or divide tbe two 
sides equally, to transpose the terms with -i- or •>, and 
lastly to extract such root as may be denoted by the ex¬ 
ponent of the highest power. 

As to secondary roots. Cardan treated of a 2d ignoia 
or unknown, which be called quantUas, and denoted it by 
the initial q, to distinguish it from the first. But here 
Stifelius, for distinction sake, and to prevent one root from 
being mistaken for olhen, assigns literal marks to all of 
them, as a, b, c, d, &c, and then performs all the usual 
operations with them, joining them together os we do 
now, except that he subjoins the initial of the power, in¬ 
stead of its numeral exponent: thus, 

3a into 9 b makes 27 a b, 

35 into 4 b makes 125 b> 
into 4 a 5 makes 8 ((a, 

1a squared makes 1 a5, 

^ G into 3c makes I8c, 

2a 5 into 5 a makes IOam, ficc, &c, 

8^a 3 divided by 4(( makes 2 a5 , file, 

The square root of 25a5 is 5a, &c, 

Also 2a added to 2% makes 2^ 2a, 

and 3 a subtr. from 2^ makes 2— 2 a. 

M3 
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A»d h. shows how to use the same, in quesUons concern- 
ingseveral unknown numbers; where be puts a djftcrcn^ 


jncseveral unKiiu«H ... . Ko th^n 

character for each of them, as a, », c, . 
makes out, from the conditions of the ^ 

equations as there arc characters; from these finds the 
value of each letter, in terms of some one of ^c rest , 
and so, expelling them all but that one, reduces the whole 

to a tinal < quation, as we do at present. 

The remainder of the book is employed with the sola 
tioii'^ of a great number of qui-stions, to exercise all the 

rules and methods; some of which .f*;”; 

From this account of the stale of Algebra in Stifehus, 
it appears that the improvements made by himsell, or 
other Germans, beyond those of the Italians, as contained 

in Cardan’s book of 1339, were as follow: 

Isl. lie introduced the characters 

minus, and root, or rndiJ, as he calls it. 

2ci. The initials 5, Ct» f°f . , . 

3 d. He treated all the higher orders of quadratics by 

the same general rule. 

4 th. He introduced the numeral exponents ol the 
powers, - 3 , -2. -1, 0, 1, 2,3, &c, both positive and ne¬ 
gative, so far as,integral numbers, but not fractional ones, 
calling them by the name exponm, exponent; and he 
tau<’lit the general uses of the exponents, in the several 
operations of powers, as we now use them, or the loga- 

" 5th. And lastly, he used the general literal notation 
A, B, c, D, &c, for so many difierent unknown/ir general 

quaatiUes. 

or SCIiCUBELlUA. 

John Scheubclius published several books on Arithme- 
tic and Algebra. The one now hefbre me, is entitled Al¬ 
gebra* Coinpcndiosa Facilisquc Di-scriptio, qua depromun- 
tur roagna Arilhmcticcs miracuUi. Authore Johanne 
Scheubclio Mathcmaticarum Professoro in Academia lu- 
bingensi. Parisiis i552. But at the end of the book it 
is dated 1551. The work is most bcaulifully printed, and 
is a very clear though succinct treatise; and both in the 
form and matter much resembles a modern pr»»t<-'<| book. 
He says that the writers ascribe this art to Uiophantus, 
which is the first lime that I find this Greek author men¬ 
tioned by the modern algebraists: he further observes, 
that the Latins call it Regula Rei et Omms, the rule of 
the thing and the square, or of the 1st and 2d power; 
and the Arabs, Algebra. His characters and operations 
arc much the same as those of Stifelius, using the signs 
ami charactcra -i-, —, a/, and the powers^,5,t(» 
&c, where the character 8» >■ used for I or unity, or a 
number, or the 0 power; prefixing also the numerical co¬ 
efficients; thus4As3 -I- 11 J 1 - 31 8, - 53p(. Ileuses 
also the exponents 0, 1, 2, 3, &C, of the powers, the 
same way as Stifelius, before him. He performs the al¬ 
gebraical calculations, first in integers, and then in frac¬ 
tions, much the same as we do at prcscot. Then of equa¬ 
tions, which he says may be of infinite degrees, though 
he treats only of two, namely the first and second orders, 
or what we call simple and quadratic equations, in the 
usual way, taking however only the positive roots of 
these; and adverting to all the higher orders of quadra¬ 
tics, namely, 

x\ ft**, b ; and i*. oj®, i; and x*, ax*, 6; &c. 
Next follows a tract on surds, both simple and com¬ 
pound, quadratic, cubic, binomial, and residual. Here 
he first marks tho notatiofl, observing that the root is ei¬ 


ther denoted by the initial of the word, or, after some 
authors, by the mark viz, the sq. root cube 

roolvv-^:. and the 4lh rdot, or root of ibe roottbus ^v«' 
which latter method he mostly uses. He then gives the 
Arithmetic of surds, in multiplication, division, addition, 
and subtraction. In these last two rules he squares the 
sum or difference of tho surds, and then sets the root to 
the whole compound, which he calls radix collecli, what 
Caidnn calls radix univasalis. Thus v^l2 ± v^20 is ra. 
col 32 i a^ 960. But when the terms will reduce to a 
common surd, he then unites them into one number; as 
v/27 -f a/ 12 is equal a/ 75. Also of cubic surds, and 
4lh roots. In binomial and residual surds, he remarks 
the different kinds of them which answer to the several 
irrational lines in the lOlh book of F.uchd’s elements; 
and then gives this general rule for extracting the root <it 
any binomial or residual o ^ 5, where one or both parts 
arc surds, and a the grfcater quantity, namely, that the 

square root of it is v ' 3 ^ v 2 * 

which he illustrates by many examples. This rule will 
only succeed however, so as to come out in simple terms, 
in certain eases, namely, either when o* -- a square, 

or whin o and a/(“’ “ «'*"**» 

and unite : in all other cases the root is m two compound 
surds, instead of one. He gives also another rule, which 
comes however to the same thing as the former, though 
by the words of them they seem to be different. 

Scheubclius wrote much about the time of ( iirdan and 
Stifelius. And as he takes no notice of cubic equations, 
it is probable he had neither seen nor lieanl any thing 
about them; which might very well happen, the one living 3 
ill Italy, and tho other in Germany. And bi-sides. I know 
not if this be the first edition of Schcubels book: it is 
rather likely it i.s not, as it is printed at Pans, and he 
himself was professor of mathematics at Tubingen in 

Grrmany« 

UOBEItT RECOBDP., 

To this ingenious man we arc indebted for the first trea¬ 
tise on algebra, then named the Cossic Art, in the Lnglish 
lanoiiBge; but hjs meritorious labours, like those of the 
greatest benefactor of mankind, appear to have been ill 
requited, since, after removing to the capital, he died un¬ 
der confim menl for debt in the Fleet-prison. In his book 
on Arithmetic he it styled “ teacher of malhenmlics and 
practitioner in physic at Cambridge." U was for m^y 
kges (he custom to unite the title as well as the practice 
of medicine with those of chemistry, alcbymy, mathema¬ 
tics, mid astrology, by the .Moors, and after ihcrn by the 
Europeans, and is still continued among the almanac- 
makers. And it is remarkable, that as the Moors wore 
not less famed in hUiropc for their skill in medicine, than 
their dexterity in calculation, the term Physicmn and Al- 
gcbraisl appear at first to have been regarded as almost 
Synonymous. Thus, it is curious to remark, that in the 
celebrated romance of Don Quixote, published about 
this time, the bachelor Samson Carrasco, who m hi^ ren¬ 
counter with the knight was thrown from his horse, and 
bad hjs ribs broken, sent in quest of an JlgebnUa to heal. 

hb bruises. ,,cn. 

The first part of his Arithmetic was published in 1 j52, 

and the second part in 1557, under title of ‘ The 

Whebtoiie of Witte, which is the sccondc Amh- 

metike: containing the Extraction of Rooto: The Cpssike 

Practise, with the J^vXo of Equation; end the Woikei ol 
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Surde Nombers.’' The work is in dialogue htUvcm the 
master and scholar; and is nearly atier the manner ot 
the Germans, Stifelius and Scheubelius, but espccia ly 
the latter, whom he often quotes, and takes examples 
from. The chief parts of the work arc, 1st, 'I he proper¬ 
ties of abstract and figuratc numbers, ‘^d. The extrac¬ 
tion of tbc square and cube roots, much the same as at 
present. Here, when the number is not an exact power, 
but having some remainder over, he either continues the 
root into decimals as far as he pleases, by adding to the 
remainders always periods of ciphers; or else makes a 
vulgar fraction for the remaining part of the root, by 
takiitg the reifUiinder for the numerator, and double the 
root for tbc denominator, in the square root; but in the 
cube root he takes, for the denominator, either the triple 
square of the root, which is Cardanrule, or the triple 
square and triple root, with one more, which is Scheu- 
bel s rule. 3d, Of Algebra, or Cossike Numbers. He 
uses the notations of powers with their exponents the 
same as Stifel, with all the operations in simple and com¬ 
pound quantities, or integers and Iructions. And lie gives 
also many examples of extracting the roou of compound 
algebraic quantities, even when the roots arc from two to 
six terms, in imitation of the same proct^ in numbers, 
just as we do at present; which is iUe first instance of 

this kind that 1 have observed. As of this quantity: 

SquA*e RcKin 

4th, ‘‘'llic Kuleof EquHiion, commonly called Aige- 
ber's Rule/' He here, first of any, intro<lucc5 the charac¬ 
ter s, for brevity sake. His woids aie, And to avoid 
the tcdiouse repi'lition of these uuurues : is equallc to: I 
will setto as 1 doe often in ivoorkeuse, a pairc of paralU les, 
or gemowc lines of one iengthe, thus : =, bicause noe 2 
thynges can be moare equallc." Ho gives the rules for 
simple and quadratic equations, w2lh many examples. He 
gives also souM* examples in higher compound equations, 
with u root lur each of them, hut gives no rule bow lo find 
it. 5tli, ‘'Ol Surde Nombers/' Tins is a very ample 
treatise on surds, both simple and compound, and surds of 
various dcgre<!S,as square, cubic,and bi(|uadrutic, marking 
the roots in Scbcubel's manner, liius; wv^» 
here uses the names biinedial, binomial, and residua); but 
says they have been used by others before biiiii and indeed 
by Lucas dc Burgo, in cart. 120, edit# 1494-—Hence it 
^appears that the things which chiefly arc new in this author, 
arc these two, vis, 

1. The extraction of the roots of compound algebraic 
quantities. 

2. The use of tbc sjgn of equality, or =. 

OP PBLETARIU8# 

The first edition of this author's algebra was printed in 
4to at Paris, in 1658, under this title, Jocobi P<Uiarii G> 
nomoni, dc cccuUa parte Numerorumg quam Algcbrnm voeont, 
lib. duo. 

In the preface he speaks of the supposed authors of AU 
gebra, namely Geber/Mahomet tbc son of Moses, an Ara¬ 
bian, and Diophantus. But he thinks the art older, and 
mentions some of his contemporary writen, or a very little 
before him, as Cardan, Stifel, Schcubel, Chr. Januarius; 
and a little earlier again, Lucas Paciolos of Florence, and 
Stephen Villafraocus a Gaul. 

Of the two books, into which the work is divided, the 
first is on rational, and the second on irratioDal or surd 


quajitilios; cacfi being divided into many cbapUJ^. It 
will be sutlicicnt lo moniion only the principal ariicles. 

Me calls the series of powers uumcri creaii^ nr dvri^ed 
numbers, or also radicals, b^'causc they are all raised from 
one root or radtr. He 1lame^ ihrm thus, radix, quadratus, 
cubus, quadrato-qiiadratus, or biquudnilus, supersolidus, 
quadralo-cubus, &c; and marks llicm thus R, 9, 9V> 

s$, 6ss, Of ihesc he gives iIk* following senes in 

numbers, having the common raho 2, ^^ilh iheir marks srl 
over them, and the exponents sel over these again, in an 
arithmelical series, beginning at 0, thus: 

012345 78 

1 R 9 97 « m 

I 2 4 8 ifi 32 64 128 256 &c. 

And he shows the use of the exponents, the same as Siifcl 
and Scheubel; like them also he prcfixes coifficienls lo 
quantities of all kinds, as also the radical ^. But he 
docs not follow them in the use of ihc signs and —, but 
employs tlic initials p and m for ihe same purpose. After 
the operalions of addition, &c, he performs involution, 
and evolution also, much the same way as at present: 
thus, in powers, raise ihc coefficient to the power required, 
and multiply the exponent, or sign, as he calls it, by 2, 
or 3, or 4, vS:c, for the 2d, 3d, 4lh, &c, power; and the 
reverse for extraction: and hence he observes, if the 
number or coidficieni will not exactly extract, or the sign 
do not exactly divide, the quantity is a surd. 

After the operations of compound quuntnios, and frac¬ 
tions, and reduction of equations, namely simple and 
quadratic equations, as usual, in chap. I6, Dt Invtnic^xdis 
gen<ratitn Rudicibut Denommatomniy he gives a method of 
findini; the roots of equations among the divisors of the 
absolute number, when the root is rational, whether it be 
integral or fractional; for then, he observes the root al¬ 
ways hes hid in that number, and is some one of its di¬ 
visors. 'I bis is exemplified in several inslnnces, both of 
quadratic and cubic equations, and both for integral and 
fractional roots. And ho here observes, that he knows 
not of any pi rson who has yet given general rules for the 
solution of cubic equations 5 which shows that when he 
wrote this book, either Cardan's last book was not pub¬ 
lished, or else it had not yet come to bis knowledge. 

Chap. 17 contains, in a few words, directions lor bring¬ 
ing questions to equations, and for reducing these. Mo 
here observes, that some authors call the unknoNvn num¬ 
ber rci, and others the posUio; but that he calls it r«- 
dix, or root, and marks it thus 5^: hence the term, 
root of an equation. But it was before called radix by 
Stifelius- 

Chap. 21 if seq. treat of secondary roots, or a plurality 
of roots, denoted by a, b, c, Ac, after Stifelius. 

The 2d book contains the like operations in surds, or 
irrational numbi'rs, and is a very complete work on this 
subject indeed. He treats first of simple or single surdv 
then of binomial surds, and lastly of trinomial surds. He 
gives here tbc same rule for extracting the root of a bino¬ 
mial and residual as Scheubclius, vir, i ^) — 

dividing by a 

V ^ -A. -V 

binomial or residual, he proceeds as all others before 
him had done, namely, reducing the ditisor to a simple 
quantity, by multiplying it by the same two terms with 
the sign of one of them changed, that is by the binomial 
if it be a Tcsidual, or by the same residual if it be a bino- 



A L G 


A L G 


[ 86 ] 


mial; and muliipljing tlie dividend by ihc same thing: 

a J 4/5-^ a . tw , a 


tlius 


a i-4 


^5-2 y's-a v^i - 
And, in imitation of this miihod, in division by trinomial 
surds, he directs to reduce the trinomial divisor first to 
a biiiumiul or residual, by multiplying it by the same trino¬ 
mial with the sign of^one term cliangcd, and then to re¬ 
duce this binomial or residual to a simple nominal as 
above; observing to multiply the dividend by the same 
quantities as the divisor. Thus, if the divisor be 4 y'S 
— ^3; multiplying this by 4 -t- \/2 y^3, the product is 

I5-t-8./2; then this binomial multiplied by the residual 
15 — 8^2, gives 225 — 128 or y? for the simple divisor: 
and the dividend, whatever it is, must also be multiplier! 
by the two 4 ^^2 4- ^3 and 15 — 8^/2. Or in general 

if the divisor be a -«• — ^c; 


multiply it by ab ■*■»/c, 
which gives (a ^by — c = a’-*-6 — c-i- ‘Xn^/hi 
then multiply this by - ■ a*-t-b — c — 
and it gives - - • - - (a* + i — c)* — 4a’5, which 
will be rational, and will all collect into one single term. 
But 'I'artalca must have been in possession of some such 
rule as this, as one of the questions he proposed to I-'lorido 
was of this nature, namely Co find such a quantity as mul¬ 
tiplier! by a given trinomial surd, shall make it rational: 
and it appears, from what is done above, (hat, the given 
trinomial being a-»■ — V^c, the answer will be (o 

tjb v/c) * {d‘ b — c-h 

Chap. 24 shows the composition of a cube of a binomial 
or residual, and thence remarks on the root of the case or 
equation 1 d p 3^ equal to 10, which he seems to know 
something about, though he had not Curdai^s rules. 

Chap. 30, which is the last, treats of certain precepts 
relating to square and cubic numbers, with a table of such 
squares and cubes from all numbers to 140; also showing 
how to compute them both, by adding always their dif¬ 
ferences. 

He then concludes with remarking that there arc many 
curious properties of these numbers, one of which is litis, 
(hat the sum of any number of the cubes, taken from the 
beginning, always makes a square number, the rout of 
which is the sum of the roots of the cubes; so that tho 
series of squares so formed, have for their roots 1, 3, 6, 10, 
15, 21, &CC, whose dilT. are tiic natural n*' 1, 2, 3, 4, 5, 
6 , &c. Namely, 1 ’-h 2*=3'; l’ + 2*-h3'=ffS 

&C. Or jn general, 1’ 2^ 3* • - - n’ = (I -t- 2 -»■ 3 — n)’ 

Jbis work of Fcictarius is a very ingenious and masterly 
composition, treating in an able manner of the several 
parts of the subject then known, excepting the cubic 
c<]uations. But his real discoveries, or improvements, 
may be reduced to these three, viz. 

1st. That the root of an equation is ono of the divison 
of the absolute term. 

2d. He taught how to reduce trinomials to simple terms, 
by multiplying them by compound factors. 

' 3d. He taught curious precepts and properties concern¬ 
ing square and cube numbers, and the method of con¬ 
structing a scries of each by addition only, namely by ad¬ 
ding successively their several orders of difiTcrences. 

PETER RAUUS. 

Peter Ramus wrote his arithmetic and algebra about 
the year 1560. His notation of the powers is thus, I, 9, 
c, bf, being the initiab of latus, quadratus, cubus, biqua- 


dratus. He treats only of simple and quadratic equations. 
And the only thing remarkable in his work, is the first ar¬ 
ticle, on the name and invention of Algebra, which we 
have noticed at the beginning of this history. 

OF PEDRO NfONEZ OR NUNEZ, OB IN LATIN NONIUS. 

Peter Nunez or Nonius, was a very ingenious and emi¬ 
nent physician and mathematician, for the lime in which he 
lived. He was born in 1497, at Alcazar in Portugal, and 
died in 1577, at 80 years of age. He was professor of 
mathematics in the university of Coimbra, where be pub¬ 
lished several ingenious an<i uselul pieces on different bran¬ 
ches of the malbciiiatics, as may be seen by the account of 
bis life given in the 2rl vol. of this Dictionary; but it is 
only with his Algebra dial our business is at present. 

This work he liad composed in Poilugueso, but trans¬ 
lated it into die Castilian longue, wljcii be resolved on 
making it public, which he dniuglil would render bis 
book more useful, as this language was more generally 
known than the former. 'I’he dedication, to bis former 
pupil, prince Henry, was dated from Lisbon, Dec. 1, 1564; 
and the work contains 341 leavi-s, equal to 682 closely 
printed pages, in the Antwerp edition of 1567, inSvo; 
the folios being numbered only on one side. 

The vvork is very methodically and plainly treated ; 
being divided into regular and distinct chapters or sec¬ 
tions; leading the reader gradually through the se>v<al 
opt‘rations of computation, in integers and fractions, in 
powers and roots, in surds and in proportions, &c. The 
rules for dignities or powers arc given; and these he de¬ 
nominates from the product of their indices; thus, for 
the powers of 2, with their names, and denominations 
under them: 

2 4 8 16 32 64 

Co. Cc. Cu. Ce. Ce. Rc. p”. Cc. Cu. or Cu. Ce. 5(C. 

1 2 3 4 5 0 

where the 6th denomination is called Ce. Cu. or Cu. Ce. 
that is Ceiiso-Cubo or Cubo-Censo, meaning the square 
cubed or the cube squared, the index 6 denoted by 2 x 3, 
the product of the indices of the powers; after the man¬ 
ner of the former European authors, Lucas dc Burgo, Tar- 
talra, and Cardan. And exactly after the manner of those 
also is his practice in every other pari, with little or no 
variation, as far as be goes, which is to quadratic equa¬ 
tions; without treating on ciibics, further than giving 
some account of the dispute between Tartaleo and Cardan 
concerning their invention; and that in such a manner as 
shows he did not very well understand them. Like those 
authors arc his names and rules for Raizes, roots or radi¬ 
cals, which he sometimes calls Sorda, surds. In their 
marks or signs also; as /2 for root; p for - 1 - ; in for minus; - 
R. u. fur root universal, instead of the vlnculi used by the 
moderns; also L for ligature or composition, such as L. 
R. 9 with R 4, composed of 3 which is R 9, and of 2 
which is R 4, making 5. He places likewise the name of 
the root after the R; os R. cu, 25. m, R. cu. 15. p. R. cu, 

9i that is, (/25-^15-1-^9. 

After all the usual preparatory rules, Nunez then treats 
of equations, simple and quadratic, in the common way, 
and giving geometrical demonslraiions of the rules, as had 
been done beforo. He then applies these equations in the 
solution of a great number of examples, of questions or 
problems, first in numbers or arithmetic, and then in gco- 
melrical problems or figures; in which he proceeds or¬ 
derly through the sever^ kinds; as squares, rectangles. 
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irianglcs, rhombs, rhomboids, trapeziums, pentagons, &c: 
all which be calls by the same names as at present. l‘he 
content of a figure too he calls its Area, as Do Burgo did 
before him; and after the same author also he gives ibc 
geometrical demonstration of the common rule for finding 
the area of a triangle from the three sides given. lie treats 
on the inscription of circles and squares in triangles of va¬ 
rious kinds; and the division of triangles into several 
parts in different ways. 

In an address to his readers, at the end of the book, 
Nunez informs them what are the authors whose books, on 
his subject, are to be found in Spain, which consist only 
of Dc Burgo, Tartalea, and Cardan; stating his ideas on 
the merits of their works, with critical remarks on many 
parts of them, in which he more particularly approves of 
those of Tartalea. Upon the whole, the merit of Nunez, 
in this art, consists chiefly, or wholly, in having given a 
very neat and orderly treatise on i^, after the manner of 
those authors; but without having made any improve* 
ments or inventions of his own, in the art. 

On this occasion it is very remarkable to observe, that 
Nunez appears not to have been at all acquainted with 
any of the Germanic authors, several of whom were coo- 
temporaries of Tartalea and Cardan, and who treated the 
subject in a better manner, in some respects, than these 
did. Another thing may be here noticed on this occa¬ 
sion, as remarkable; not only that we have never heard of 
any other early writers on this subject, in Spain or .Portu¬ 
gal; but that we have never heard of writings on it by 
the h(pors, wbo occupied great part of that peninsula 
during several centuru^s, by whom we have always been 
taught to believe that the arts of arithmetic and algebra 
were brought into that country.—Had that people left any 
such works in the country, would not some of them have 
be(*n found in some of the groat cities or the universities, or 
^ could they yet be in existence there}—Or could the peo¬ 
ple have carried all iheir books away with them when 
they were expelled from the country ) 

• BOM BELLI. • 

Uaphacl Boinbelli's Algebra was published at Bologna 
in the year 1572, in the Italian language. In a short, but 
neat, introduction, he first adverts, in a few words, to the 
great excellence and usefulness of anthmettc and algebra. 
He then laments that it hud hitherto been treated in so 
imperfect and irregular a way; and declares it his intention 
to remedy all defecU, and to make the science and prac¬ 
tice of it as easy atid perfect as may bo. And for this 
purpose he first resolved to procure and study all the 
former authors. lie then mentions several of these, with 
a short history or character of them; as Mahomet the 
son of Moses, an Arabian; Leonard Pisano; Lucas dc 
Burgo, the first printed author in Europe; Oroncius; 
Scribelius; Boglione Frances); Stifelius in Germany; a 
certain Spaniard, perhaps meaning Nunez or Nonius; and 
lastly Cardan, Ferrari, and Tartalea; with some others 
since, whose names he omits. He then adds a curious 
paragraph concerning Diophantus: he says that some 
years since there had been found, in the Vatican library, 
a Greek work on this art, composed by a certain Dio- 
phantus, of Alexandria, aQrcek author, who lived in the 
time of Antoninus Pius; which work having been shown 
to him by Mn Antonio Maria Pazzi Reggtano, public lec¬ 
turer on mathematics at Rome; and finding it to be a 
good work, these two formed the design of giving it to the 


worl<l; and lie say5» that they had already lranvlau(j 
books, ot the seven which were then extant, being as yet 
hindered by other avocations from completing the work. 
He then adds the follow iiig strange circumstance, nIz, (fiui 
(hty had found (hat in (he said work the Indian authors art 
often cited; by which he Uarned that this science was kntrwn 
among the Indians befoic the Atabians had it: a paragraph 
the more remarkable as 1 have never understood that any 
other person couhl ever find, in l)io|>hant;i>, any reference 
to Indian writers: and I have examined liis work v^ilh 
some attmtion, for that purpose. Probably the copy 
which Bombelii saw, contained marginal remarks by Fla- 
nudes, or sonic other scholiodt, making mention of the In¬ 
dian works on the science, or some such remarks; which 
might be mistaken for part of the text of Diophaulus. 

BombcUis work is divided into three books. In the 
first, are laid down the definitions and operations of 
powers and roots, with various kinds of radicals, simple 
and compound, binomial, residual, &c; mostly after the 
rules and manner of former w riters, excepting in some few 
instances, which I shall here take notice of. And first of 
his rule for the cube root of binomials or residuals, which, 
for the sake of brevity, may be expressed in modern no¬ 
tation as follows: let a be the binomial, the term 

ifb being greater than a; then the rule for the cube root 
of y'i a comes to this, r — Q -h q)* — 

a*)]: where r and q = 

—'Vhich isarulc that can booflif- 
tie or no use. For in the first place, (p— q)* ^^(6—«'*) 


6 . 


«4 




B 


is the same as (p + q)-; and p or^(^{ 

IS = -+■ = T (V'* + o); there¬ 
fore the whole p — Q v'(^ — Q)* — a)‘ reduces 

top — qVp-4-q=2p= 52 X w- a) =^(^6 

-p a), the original quantity first proposed. 

The next thing remarkable in this 1st book, is his me¬ 
thod for the square roots of negative quantities, and his 
rule for (be cube roots of such imaginary binomials as 
arise from the irreducible cose in cubic equations. Ills 
words, tranalatcd, are these : “ 1 have found another sort 
of cubic root, very different from the former, which arises 
from the case of the cube equal to the first power and a 
number, when the cube of the -Jd part of the (coef. of 
the) 1st power, is greater than the square of half the ab¬ 
solute number, which kind of square root hath, in its al¬ 
gorism, names and operations different from the others; 
for in that case, the excess cannot be called either plus or 
minus; I therefore call it pltu of minua when it Is to be 
added, and minus qf minua when it is to be subtracted.'* 
He then pves a set of rules for the signs when such roots 
are multiplied, and illustrates them by a great many ex¬ 
amples. His rule for the cube roots- of such binomials, 
viz, such as a -h is this: First find ^(a* -h i); 

then, by trials search out a number c, and a sq. root, 
such, that the sum of their squares e* + if may be =^(0* 
-ht), and also c’-3c</.=sa; then shall e-i-v/-<fbe 
—v^(<* sought. Thus, to extract the cube root 

of 2 + ^'■“121 : here ^(a* -p b) js:^i 25 = 5; then 
takingca:2, and dss l,it is c* 4-4=5 =:^(a*-t-i,) and 
<r—3cd =s 8 —6=s2=o, as it ought; and therefore 

2 iZ—l is = the cube root of 2 4- ^ — 121 , as re¬ 
quired. ' 



A L G 


f 88 J 


A L G 


The iioCation in this book, is the initial II for root, with 
9 or c, &c, after it, for quadrate or cubic, Ac root. Also 
p (oT plus, oikI fn Un minus. 

In the 2d book. Boinbclli treats of the algorism with un¬ 
known quantities, and the resolution of equations. He 
first gives the definitions and chameters of the unknown 
qiiaiititv and its powers; in which he deviaU-s from the 
former authors, but professes to imitate Diophantus. He 
calls the unknown quantity tanto, and marks it 
thus - - - • 

Its square or 2d power polenxti, 

Its cube - • - cubo, 3, 

and the higher names are compounded of these, and mark¬ 
ed i, 6, I, Ac ; so that he denotes all the powers by 
their exponents set over the common character And 
all these powers he calls by the general name digniia, dig¬ 
nity. lie then performs all the algorism of these jwwers, 
by nieniis of tln'ir exponents, as we do at present, yif, 
adding them in imiltiplicKtion, subtracting in division, 
multiplying thenr by the index in involution, and dividing 
by the same in evolution. 

In equations he goes regularly through all the cases, 
and varieties of the signs and terms ; first all the simple 
or single powers, and then all the compound cases; de¬ 
monstrating the rulwgeometrically, and illustrating them 
by many examples. 

In compound quadratics, he gives two rules: the first 
is by freeing the potenza or square from its coefficient by 
division, and then completing the square, Ac, in the usual 
way: and the 2d rule, when the first term has its coeffi¬ 
cient, may be thus expressed ; if ax* -i- 6x = e, then r = 

g practised by the In¬ 

dians. He takes only the positive root or roots; and in 
the case ai* -+• c —bi, which has two, he observes that 
the nature of the problem must sliow which of the two is 
the proper one. 

In tlie cubic equations, he gives the rules and transfor¬ 
mations, &c, after the manner of Cardan; remarking that 
some of the cases have only one root, but others two or 
three, of which some arc true, and others false or nega¬ 
tive. An<l in one place he says that by means of ibc case 
^ = 6x c, he irUecU or divides an angle in/o three equal 
parts. 

When he arrives at biquadratic equations, and particu¬ 
larly to this case x* -hax = b, he says, “ Since I have seen 
Diophantus’s work, I have always been of opinion that 
his chief intention was to come to this equation, because 
I observe he labours at finding always square numbers, 
and such, that adding some number to them, may make 
squares; and I believe that the six books, which are lost, 
may treat of this equation, Ac.”—“ But Lewis Ferrari,” 
he odds, ** of this city, also laboured in this way, and 
found out a rule for such cases, which was a very fine in¬ 
vention, and therefore I shall here treat of it the best I 
can." This he accordingly docs, in all the cases of bi- 
quadratic.s, both with respect to the number of terms in 
the equation, and the si^s of the terms, except I think 
this most general case only rx — qx* + pi* — x* = »; fully 
applying Ferrari’s method in all casa. Which concludes 
the 2d book. 

The 3d book consists only of the resolution of near 300 
practical questions, as exercises io all the rules and equa¬ 
tions, many of which are taken from other authors, espe¬ 
cially from the first five books of Diophanttis, 


Upon the whole it appears, that this is a plain, explicit, 
and very orderly treatise on algebra, in which arc very 
well explained the rules and methods of former writers. 

But Bombelli docs not produce much of improvement or 
invention of his own, except liis notation, which varies 
from others, and is by means of one general character, 
with the numeral indices of Stilelius. Me also first re¬ 
marks that angles arc trisected by a cubic cijuation. 

OUI.IELMI GO'jSALISl, Ac. 

De Arle Hlagna, »eu de Occulia Parte ^'umero^vm qua el 
Algebra et Aimuenbnia vulgo dicitur, libri quaiuor. In 
quibus expheontur aquationes [}iophanli, Hegula 'tiuanti^ 
lolu Siniplicis, et 'Huanlitatis Stirt/rc.—Paris, 1577, In 
small 8vo, 80' leaves, numbered only on one side. 

In the dedication, this author notices the term Cossic 
Numbers; and mentions many of the former writerS; ns, 
Diophantus, Forcartel, Scheubel, Pclciare, btifcl. Cardan, 
Lucas, V’lllafranc, Nunez, and Tartaglia, whose work he 
says he hud translated and published in French. The 
present work seems meant as an elementary book ol in¬ 
struction, being regularly divided Into chapters, and treat¬ 
ed methodically, though nut deeply. The chapters arc, 
on quantity, on the methods of numeration, on the object 
of algebra, on the names of numbers with respect to their 
powers, which are thus denoted : I. tlie latus or number, 

Q the quadrant or square, c the cube, q q the square- 
squared or •Hh power, n p the rclatus-primus or 5th power 
(called by Diupbanlus quadratucubus), KS the rclatus- 
secundus or 7tb power, qqq quadrato-quadrato-qumlra- 
tus or Bill power, cc the cubocubus or 9lh power, Ac.— 
Cbap. 7» gives a long account of the compusiiiun of the 
cube of a binomial, and the extraction ul the cube root, 
from the theorem = (a tP-t- Sab , a 3aF 

. b, from Tartaglia.—Chap. 8, Ac, treats on proportion, 
arithmetical, geometrical, and barmonical, with ihearitb- ^ 
metic of ratios.—Chap. 15, l(i, on the single and doublet- 
rule of Hypothesis, or Position.—Chap. 17» on finding 
several mean proportionals, by the double rule of Hypo- 
thi'sis, with its application to the celebrated jyfoblcm of 
doubling the cube; also to its tripling, and quadru¬ 
pling, Ac. 

Book II. Chap. 1. Ou the values of the powers, (or what 
arc now called their exponents), being the numbers of 
their situation in the scale of powers, 1, 2, 3, 4, Ac.^ 
Chap. 2, on the addition of the powera, by means of their 
signs p and m, that is, plus and minus.—Chap. 3,4, on the 
multiplication and division of puwersfby adding and sub¬ 
tracting their values or indices.—Chap. 5, 6, addition and 
subtraction of complex quantities; with mixed signs,p and 
m, and various powers,—Chap. 7» 8, multiplication and 
division of mixed quantities. Here the author stales that 
in these op«.‘raUons, like signs produce p (plus), but unlike 
signs m (minus); and he says he has proved these in bis 
Arithmetic, which no one has done before him.—Chap. 9» 
10, Ac, on finding the sides or roots of simple and com¬ 
pound quantities. 

Book III. On Equaiioru. Chap. 1, 2, simple equa¬ 
tions—Chap. 4,5, 6, 7, 8, 9, on quadratic equations, by 
the usual method of completing the square, Ac. In the 
cose x*-«- n a ax, the author assigns the two roots. In the 
other two cases, be finds one root only, without noticing 
the negative roots.—In chap. 10, be speaks of the cubic 
equations treated of by Cardan and Taria^ia, but without 
stating the rules for tbeir solution. In chap. 11, 12, Id, 
some Diophantine problems arc treated of. 
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Book IV, titled De HmntUale Absoluta el Surda, 
contains two chapters. These include various problems 
or questions, in which several unknown quantities arc re* 
quired to be found, from as many proposed independent 
relations. In the solution of these questions, the au¬ 
thor uses the capitals a, b, c, s, A'c, for the unknown 
quantities to be found, uhich he employs in the same 
way as we do now the letters x,y, z, making out with 
them as many independent equations as arc the unknown 
letters, A, B, c, dec; by the reduction of which equations, 
in the usual way, the values of these letters are determi¬ 
ned.—But Stifelius, before him, had used a, b, c, &c, for 
the unknown quantities. 

CLAVIUS. 

Christopher Clavius wrote his Algebra about the year 
1580, though it was not published till l6'08, at Orleans. 
He mostly follows Stifelius and Sebeubelius in his nota¬ 
tion and method, dec, having scarcely any variations from 
them ; nor dogs he treat of cubic equations. He mentions 
the names given to the art, and the opinions about its 
origin, in which he inclines to ascribe it to Diophantus, 
from what Diophantus says in his preface to Dionysius. 

STEVIKUS. 

The Arithmetic of Simon Stevin of Bruges, was pub¬ 
lished in 1585, and the same with bis Algebra in l605, in 
the Flemish dialect, and containing a free translation of 
the first 4 books of Diophantus. They were also printed 
in a French edition of his works at Leyden in 1634 , with 
some notes and additions of Albert Girard, who it seems 
died the year before, this edition being published for the 
benefit of Girard's widow and children. This edition con¬ 
tains all the 6 books of Diophantus. 

The Algebra is an ingenious and original work. He de¬ 
notes the res, or unknown quantity, in a way of his own, 
namely by a small circle Q, within which he places the 
numeral exponent of the power, as ©, (?, @, (^, &c, 
which are the 0 , 1 , 2, 3, &c, power of the quantity Qj 
where O, or the 0 power, is the beginning of quantity, or 
arithmetical unit. He also extends this notation to roots 
or fractional exponents, and even to radical pnes. 

Thus &c, arc the square root, cube root, 4th 

root, dec; 

also 0 is the cube root of the square ; 

and ^ is the square root of the cube. And so of others. 

The first three powers, (j), @, he also calls coste 

( 5 idc),yt/<we (square), euie (cube); and the first of them, 
the prime quantity, which he observes is also mieta- 
phoricalltf called the racine or root, (the mark of which 
is also 4 /,) because it represents the root or origin from 
which allotherquantitics spring or arise, called the potences 
or powers of it. He condemns the terms sursolids, and 
number* absurd, irrational, irregular, inexplicable, or 
surd, and shows that all numbers arc denoted the same 
way, aod are all equally proper expressions of some length 
or magnitude, or some power of the same root. He also 
rejects all the compound expressions of square-squared, 
cube-squared, cube-cubed, 6 cc ; and observes that it is best 
to name them all.by their exponents, as tho Ist, 2 d, 8 d, 
4lb, 5th, 6 th, &c, power or quantity in the scries. And 
on hU extension of the new notation be justly observes, 
that what was before obscure, laborious, and tiresome, will 
by these marks be clear, easy, and pleasant. He also 
nwkes tbe notation of algebraic quantities more general in 
th«r coefficients, including in them not only integers, as 
3 (p, but also fractions and radicals, as ^ (g», aod 

^01.. X. 


&:c. He has various other peculiarities in his notations ; 
all showing an original and inventive mind. A quantity of 
several terms, he calls a multinomial, and also hinoniidl. 
trinomial, «^c, according to the number of the terms. II'- 
uses the signs-e andand sometimes.; for equality; 
also X for division of fractions, or to multiply cross'sise 
thus, X .J : 

He teaches the generation of powers l>y 2 

means of the annexed table of numbeis, 3 3 
which are the coefficients of all the terms, 4 6 4 
except the first and last. And he makes 5 10 10 .5 
use of the same numbers also for extract- 6' Ij 20 1,5 6 
ing all roots whatever: both which things ibsc. 
had first been done by Stifelius. In ex¬ 
tracting the roots of non-quadrate or non-cubic numbers, 
he has the same approximations as at present, viz, either 
to continue the e.xtractioii indefinitely in decimals, by a<ld- 
ing periods of ciphers, or by making a fraction of the re¬ 


mainder in this manner, 


■ , N — n* 

VIZ, vN = n -I- - 

’ ^ an-*-1 


nearly. 


V — B' 


and = n -t- —-nearly ; where n U the neare-st 

exact root of n ; which is IVletarius's rule, and which 
differs from Tarlalea's rule, a.s this wants the 1 in the de¬ 
nominator. And in like manner he goes on to the roots 
of higher powers. 

He then treats of equarions, and their inventors, which 
according to him arc thus: 

Mahomet, son of Moses, an Arabian, f ® ® 

invented Ihesc - - . ‘‘T 

(_© egale a ( 2 ). 

And some unknown author, the derivatives of this. 

Some unknown author invented these { ^ 

I (Regale o @ (S>. 

But afterwards be mentions Ferrous, Tartalea, Cardan, 
&c, as being also concerned in the invention of them. 

Lewis Ferrari invented - (Dcgale a'($@®0. 

He says also that Diophantus once resolves the case ® 
egale a i2> ©. In bis reduction of equations, which is 
full and masterly, he always places the highest power ou 
one side alone, equal to ail the other terms, set in their 
order, on the other side, whether they bo -t- or—. And 
be demonstrates all the rules both arithmetically and gco- 
loctrically. In cubics, be gives up the irreducible case, 
as hopeless: but says that Borobelli ri'solves it by plus <if 
minus, and minus of minus: 

thus, if 1 (H = 30«> -«- S6, then 1$ =(/(i8 4 - of —26) 
-i-i/(18 — of — 26 ), that is, 1 ® =V(I 8 - 1 - 26l) 
-t-VO 8 — 26y/— l). He resolves biquadratics by 
means of cubics and quadratics. In quadratics, he takes 
both the two roots, but looks for no more than two in cu¬ 
bics or biquadratics. He gives also a general method of 
approaching indefinitely near, in decimals, to the root of 
any equation whatever; but it is very laborious, being 
little more than trying all numbers, one after another, 
finding thus tbe Jst fi|pire, then the 2d, then the 3d, &c, 
among these ten chaVacters 0, 1,2, 3,4, 5, 6, 7,8, 9 . And 
finally he applies the rules, in the resolution of a great 
many practical questions. 

Though a general air of originality and improvement 
runs through the whole of Stevinus's work, yet his more 
remarkable or peculiar inventions, may be reduced to 
these few following: vis, 

1st. He invented not only a new character for the un¬ 
known quantity, but greatly improved the notation of 
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in.wrrs, by numeral indices, first given by Stifcbus p to 
integral exponents; which Stevinus extended to fractional 
and all other sorU^ of exponents, thereby denoting all kinds 
of roots the same way as powers, by numeral exponents. 

A circumstance hitherto thought to be of much later in- 
vention, 

2d. He improved and extended the use and notation of 
coolficiouls, including in them fractions and radicals^ and 
u 11 «oris of numbers in general. 

3d. A quantity of several terms, he called generally a 
multinomial; and he denoted all nomials whatever by 
particular names expressing the number of their terms, bi¬ 
nomial, trinomial, quadrinomial, &c. 

4 th. A numeral solution of all equations whatever, by 
one gcncml method. 

Besides which, he hints at some unknown author as the 
first inventor of the rules for cubic equations; by whom 
may perhaps be intended the author of the Arabic manu¬ 
script treatise on cubic equations, given to the library at 
Ix-ydcn by the celebrated Warner. 

VI ETA. 

Most of Viola’s algebraical works were written about or 
before the year l 600 , but some of them were not publish¬ 
ed till after his death, which happened in the year JfiOS, 
III the 63d year of his age. And his whole mathematical 
works were collected together by Francis Schooten, and 
elegantly printed in a folio volume in 1646. Of these, 
the algebraical parts arc as follow : 

1. Isagoge in Artcm Aiialyiicam. 

2. Ad L^gisticen Spcciosam Notae Priorcs. 

3. Zclclicorum libri quinque. 

4 . Dc /Equaliojium Uecognilionc, ct Emendatione. 

5. De Numerosi Potestatum ad Exegesin Resolutionc. 
orall these 1 shall give a particular account, especially 

in such parts as contain any discoveries, as we here meet 
with more improvements and inventions on the nature of 
equations, than in almost any former author. And first 
of the Isagotfe^ or Introduction to the Analytic Art. In 
this short introduction Victa lays down certain pnecognita 
in this art; as dofiniliuns, axioms, notations, common pre¬ 
cepts or operations of addition, subtraction, multiplication, 
and division, with rules for questions, icc. From which 
we find, 1 st, That the names of his powers are latus, qua- 
draturo, cubus, quadrato-qundratum, quadrato-cubus, 
cubo-cubus, &c; in which he follows the method of Dio- 
phantus, and not that derived from the Arabians. 2d, 
That he calls powers pure or adfected, and first here uses 
the terms coefficient, affirmative, negative, specious lo¬ 
gistics or calculations, homogencum comparationis, or the 
iibsolutc known term of an equation, homogencum, adfec- 
tionis, or the 2 d or other term which makes the equation 
adfected, &c. 3d, That he uses the capital letters to de¬ 
note the known as well as unknown quantities, to render 
his rules and calculations general; namely the vowels 
A, E, 1, o, V, T for the unknown quantities, and the cou- 
sonants, n, c, d, &c, for the known ones. 4th, That he 
uses the sign between two terms fbr addition; — for 
subtraction, placing the greater before the less; and when 
it is not known which term is the greater, he places = be¬ 
tween them for the difference, as we now use *<*; thus 
A s B is the same as a b ; that he expresses division 
by 'placing the terms like a fraction, as at present; though 
he was not first in this. But that be uses no characters 
for multiplication or equality, but writes the words them¬ 
selves, as well as the names of all the powers, as he uses 
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no exponents, which causes much trouble and prolixity 
in the progress of his work ; and the numeral coefficient* 
set after the literal quantities, have a disagreeable effect. 

II. Ad Logistical S;jec»o.«im ffoUt Priorcs. These con¬ 
sist of various theorems concerning sums, diflerences, pro¬ 
ducts, powers, proportionals, &c, with the genesis of 
powers from binomial and residual roots, and certain pro¬ 
perties of rational ririit-angled triangles. 

III. Zcteiicorum libri (piintjuc. 'I'he aeletics or ques¬ 
tions,in these 5 books,arc chiefly from Diophantus, but re¬ 
solved more generally by literal arithmetic. And in these 
questions are also investigated rules for the resolution of 
iiuadratic and cubic equations. In these also Victa first 
uses a line drawn over compound quantities, as a vincu^ 

*”Tv De MctuntionumRecognitioncy et Emendatione. These 

two books, which contain Viela’s chief improvements m 
algebra, were not published till the year I6l5, by Alex¬ 
ander Anderson, a learned and ingenious Scotchman, with 
various corrections and additions. The 1st of these two 
books consists of 20 chapters. In the fint six chapters, 
rules are drawn from the zetetics for the resolution of 
quadratic and cubic equations. These rules arc by mcaru 
of certain quantities in continued proportion, but in the 
solution they come to the same thing as Cardan’s rules. 
In the cubics, Victa sometimes chrfnges the negative roots 
into affirmative, as Cardan had done, but he finds only the 
affirmative roots. And he here refers the irreducible case 
to HHguIar sections for a solution, e method which hod 

been mentioned by BombcHi. 

Chap. 7 treats of the general method of transforming 
equations, which is done either by changing the root in 
various ways, namely by substituting another instead of 
it which.is cither increased or diminished, or multiplied 
or divided, by some known number, or raised or depressed 
in somd known proportion; or by retaining the same root, 
and equally multiplying all the terms. Which kinds of 
transformation, it is evident, are intended to make the 
equation become simpler, or more convenient for solu¬ 
tion. And all or most of these reductions and transfor¬ 
mations were also practised by Cardan. 

Chap. 8 shows what purposes ore answered by the fore¬ 
going transformations; such os taking away some of the 
terms out of an equation, and particularly the 2d term, 
which is done by increasing or diminishing the root by the 
coefficient of the 2d term, divided by the index of the 
first: hy which means also the affected quadratic is re¬ 
duced to a simple one. And various other effects arc 
produced. 

Chap. 9 shows how to deduce compound quadraUc 
equations from pure ones, which is done by increasing or 
diminishing ihc root by a given quantity, being one appli¬ 
cation of the foregoing reductions. 

Chap. 10, the reduction of cubic equations affected 
with the Isi power, to such as are affected with the 2d 
power; by the same means. 

In chap. 11, by the same means also the 2d term U re¬ 
stored to auch.cubic equations as want it. 

In chap. 12, quadratic and cubic equations are raised to 
higher degrees, by substituting for the root, tb'e square or 
cube of another root divided by a given quantity. 

In chap. 13, affected biquadratic equations are deduced 
from affected quadratics in this manner, Avhen expressed 
in the modern notation . I f a* ■«- ba = z, 
then shall k* -t- b’ •+• 2bz . a cs z* b*z. 
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For since a* ba = z, therefore a*= z “ ba, 

and its square is a* = z* — 2 baz b^a* : 

but B*A* =s B*z — b’a, 

therefor e a^ = z* — 2 baz + b*z — b’a, 

or A* -t- 2 bz . a z* + B*z. 

And in like manner for the biquadratic affected with its 
other terms. And in a similar manner also, in chap. 14, 
affected cubic equations arc deduced from the atl'ected 
quadratics. 

Ii> chap. 15 it is shown that the quadratic ba a* = z 
has two values of the root a, or has ambiguous roots, as he 
calls them; and also that the cubics, biquadratics, &c, 
which are raised or deduced from that quadratic, have 
also double mots. 

Having in the foregoing chapters, shown how the coef¬ 
ficients of equations of the Sd and 4th degree are formed 
from those of the 2d degree, of the same root; and that 
certain quadratics, and others raised from them, have 
double roots; then in the l6th chap. Vicia shows what 
relation those two roots to the coefficients of the two 
lowest terms of an equation consisting of only three 
terms. 

Chap. 17 contains several theorems concerning quan¬ 
tities in continued geometrical progression. Which arc 
preparatory to what follows, concerning the double roots 
of equations, the nature of which he expounds by means 
of such properties of proportional quantities. 

Chap. 16, ^quatimum'ancipitvm constilutiva treating 
of the nature of the double roots of equations. 

Next follows the 2d of the pieces published by Alexan¬ 
der Anderson, namely, 

De Binmdaiime Mquatimum, in 14 chapters. 

Chap. 1. Of preparing equations for their resolution in 
numbers, by taking away the 2d term ; by which affected 
quadratics arc reduced to pure ones, and cubic equations 
affected with the 2d term are reduced to such as arc af¬ 
fected with the 3d only. Several examples of both kinds 
of equations are given. He here too remarks on the 
method of taking away any other terra out of an equa¬ 
tion, when the highest power is combined with that other 
term only; and this Vieta effects by means of the co¬ 
efficients, or, as he calls them, the unciae of the power of 
a binomial. All which was also performed by Cardan 
for the same purpose. 

Chap. 2. De trammutatimie ITpctfrov—sxarsv, qita reme- 
dlumeu advertusniitan negationis. Concerning the trans¬ 
formations by changing the 0ven root a for another root e, 
which is equal to the bomogeneum comparationls divided 
by the first root a; by which means negative terms are 
changed to affirmative, and radicals arc taken out of the 
equation when they are contained in the bomogeneum 
comparationis. 

Chap. 3. showing therelation between the 

roots of correlate equations; whence, having given the 
root of the one equation, that of the other becomes 
known. 

Chap. 4. De Uomaria, adveretu vitium fractioni*. To 
take away fiactions out of an equation. Thus, 

if A* —A =5 a. Put A s then e’V bde 

Chap* 5s Symouirica ClimactUmOy advtrms vitium 
Mjymmetria. I'd take away radicals or surds out of equa¬ 
tions^ by squarings the other sid^f the equation* 

Chap. 6^ To reduce biquadratic equations by means of 
cubics and auadraiicf^ by methods which are small varia¬ 
tions from those of Ferrari and Cardan. 


Chap. 7* Tlic resolution of cubic equations by ruic5 
which arc the same with Cardan's. 

Chap. 8. De Canonica rrffuciionum transrrtutaitone, u( co^ 
ffficientes subp’aduatcs (fua prascribuntur^ To trans¬ 
mute the equation so that the coi'fficient of the lower 
tcrm» or power, may be any guen rnunbor, he changes the 
root in the given proportion, thus: Lot a be the root oi 
the equation given, e that of the transmuted equation, 
B the given coeflicient, and x the required one ; then 

B B 

take A = —, which substitute in the given equation, and 

it is done.—Ho commonly changes it so, tliat x may be 
1 ; which he docs, that the numeral root of the equation 
may be the easier found } and this he here performs by 
trials, by taking the nearest root of the highest power 
alone: and if that does not turn out to be the root of 
the whole equation, he concludes that it has no rational 
root. 

Chap. 9* T'o redtice certain peculiar forms of cubics to 
quadratics, or to simpler forms, much the same as Cardan 
had done. 

Chap. 10. Simi/ium redt/c(i(mu/n coruinuatu). Being 
some more similar theorems, when the equation is affected 
with all the powers of the unknown quantity a. 

Chap. 11, 12, IS relate also to certain peculiar forms of 
equations, in which the root is one of the terms of a cer¬ 
tain series of continued proportionals. 

Chap. 14, which is the last in this tract, contains in 
four theorems, the general relaii<m between the roots of an 
equation and the coeiheients of its terms, when all its 
roots are positive. 

And from these last four theorems it appears, that Viola 
was acquainted with the composition of these equations, 
that is, when all their roots are positive, for be never ad¬ 
verts to negative roots; and from other parts of the work 
it appears, that hewwas not aware that the same proper¬ 
ties will obtain in all sorts of foots whatever. But it is 
not certain in what manner be obtained these theorems, 
as he has not given any account of the investigation$> 
though that was usually his way on other occasions ^ but 
he here contents himself with barely announcing the tbco* 
rems, and for this strange reason, that he might at length 
bring his work to a conclusion. 

To this piece is added, by Alexander Anderson, an 
Appendi.s, containing the construction of cubic equa¬ 
tions by the triseciion of an angle, and h demonstration of 
the property referred to by Vieta for this purpose* 

De Numerosa Potettatum Purarum Rtsolutiom. Vieta 
here gives some examples #f extracting the roots of pure 
powers, In the way that had been long before practised, 
by pointing the number into periods of figures according 
to the index of the root to be extracted, and then proceed¬ 
ing from one period to another, in the usual way* 

De Pfumcrosa Potestaium utifcciMnm R^solutione^ And 
here, in close imitation of the above method for the roots 
of pureq)owers> Vieta extracts those of adfected ones; or 
finding the roots of affected equations, placing always the 
homogentum comparationis, or absolute term, on one 
side, and all the terms affected with the unknown quan¬ 
tity, and their proper signs, on the other side* The 
method is very laborious, and is but little more than what 
was before done by Stevinus on this subject, depending 
not a little on trials* The examples he uses arc such as 
have either one or two roots, and indeed such as are af¬ 
fected commonly with only two powers of the unknown 
quantity, and which therefore admit only of these two 

N 2 
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Tariotici as to tlic number of roots, namely according as 
the hi.»lier of the two powers is affirmative or negative, the 
homogoncum coroparalionis, on the other side of the equa- 
tion, being always affirmative; and he remarks this pncral 
rule, if the higher power be negative, the equation has two 
roots, otherwise only one ; that is, affirmative rootsfor 
A 3 to neoalivo and imaginary ones, VielA knew nothing 
about them, or at least he takes no notice of them. By the 
foregoing exlracliont Viela finds both the greater and less 
root of the two that are contained in the equation, and 
cither of them that he pleases; having first, for this pur¬ 
pose, laid down some observations concerning the limits 
within which the two roots are contained. Also, having 
found one of the roots, he shows how the other root may 
be found by means of another equation, which is a degree 
lower tlian the given one; though not by depressing the 
given equation, by dividing it as is now done; but from 
llic nature of proportionals, and the theorems relating to 
equations, as given in the former tracts, he finds the terms 
of another e<iuntion, difterent from that last mentioned, 
from the root &c of which, the 2d root of the original 
equation may be obtained. 

In the course of this work, Viela makes also some ob* 
icrvations on equations that arc ambiguous, or have three 
roots; namely, that the equation Ic — 6q 1 In = 6, 
or as ne write it - 6r* 1 lx = 6', is ambiguous, 

when the 2»l term is negative, and the 3d term affirma¬ 
tive, and when of the square of 6 , the coefficient of the 
2d term, exceeds U, the coefficient of the 3d term, and 
has then three roots. Or in general, if — ax* 6 x = c, 
and the equation is ambiguous, and has three 

roots. He shows also, from the relation of the coefficients, 
how to find whether the roots are in arithmetical progres¬ 
sion or not, and how far the middle root differs from the 
extremes, by means of a cubic equation of this form x* — 
bx ^c. In all or most of which rciu#irk 8 he was pre¬ 
ceded by Cardan.—Viela also remarks that the case — 
5)x* -I- 24x = 20, has three roots by the same rule, vi«, 

2, 2, 5, but that two of them arc equal. And further, 
that when is*= 0 , then all the three roots are equal, 
as in the case r* — 6 r* 12 x = 8 , the three roots of 

which are 2, 2, 2. But when is less than i, the case 
is not ambiguous, having but one root. And when nfe =c, 
then os X is one root itself. 

Many curious notes are added at the end, with remarks 
on the method of finding the approximate roots, when 
they arc not rational, which is done in two ways, in imi¬ 
tation of the same thing in the extraction of pure powers, 
viz, the one by forming a fraction of the remainder after 
all the figures of the homogcncum comparattonis are ex¬ 
hausted ; the other by increasing the root of the equation 
in a 10 fold, or 100 fold, &c, proportion, and then di¬ 
viding the root whigh results by 10 , or 100 , &c: and this 
is a decimal approximation. And Vieta observes, that 
the roots will be increased 10 or 100 fold, &c, by adding 
the corresponding number of ciphers to the coefficient of 
the 2d term, double that numlwr to the 3d, triple the 
same number to the 4th, and so on. Su if the equation 
were ic -t- 4« On = 8 , then Ic + AOq -i- 6 oo n s= 
8000 will have its root 10 fold, and Ic 400 q60000m 
ss 8000000 will have it lOO fold. 

Besides the foregoing algebraical works, Vieta gavi va¬ 
rious constructions of equations by means of circles and 
right lines, and angular sections, which may be coi^i. 
dered as an algebraical tract, or a method of exhibiting 
the roots of certain equations having all their roots affir¬ 


mative, and by means of which he resolved the celebrated 
equation of 45 powers, proposed to all the world by Adri- 

auus Romanus. r v . • 

Having now delivered a parUcular analysis of\icta 8 

algebraical writings, it will be proper, as with other au¬ 
thors to collect into one view the particulars of bis more 
remarkable peculiarities, inventions, and improvements. 

And first it may be observed, that his wnungs show 
great originality of genius and invention, and that he made 
alterations and improvements in most parts of algebra; 
though in other parts and respects bis method is inferior 
to some of his predecessors; as, for instance, where he 
neglccu to avail himself of the m galivc roots of Cardan; 
the numeral exponent of Slifclius, inslcad of which he 
uses the names of the powers themselves; or the frac¬ 
tional exponents of Stevinus; or the commodious way of 
prefixin® the coefficient before the quantity or factor; 
and sucli like circumstances; the want of which gives 
his Algebra the appearance of an age much earlier than 
its own. But his real inventions of things before not 
known, may be reduced to the following pariiculan. 

1st. Vieta introduced the general use of the letters of 
the alphabet, to denote indefinite given quantilii-s; which 

had only been done on some particular occasions before 

his time. But the general use of letters, for the unknown 
quantities, was before pretty common with Slifelius and 
his successors. Viata uses the vowels a, e, I, o, u, ^ f®*" 
the unknown quantities, and the consonants, B, C, D, otc, 
fur known ones. 


ad. He invented, and introduced, many expressions or ^ 
terms, several of which arc in use to this day: such as 
coefficient, affirmative and negative, pure and adfecicd or 
affected, uncim, homogcncum adfeclionis, homogeneum 
comparationis, the line or vinculum over compound quan¬ 
tities, thus A -e B. And his method of setting down his 
equations, is to place the liomogencum comparationis, or 
absolute known term, on the right-hand side alone, and 
on the other side all the terms which contain the unknown 
quantity, with their proper signs. 

3d. In roost of the rules and reductions for cubic and 
uthcr equations, he made some iroprovcroenls, and varia¬ 
tions in the modes. 

4 lh. He showed how to change the root of an equation 

in a given proportion. .... 

5 . lie ilcrived or raised the cubic and biquadratic, &c, 
equations, from quadratics; not by composition in Har¬ 
riot’s way, but by squaring and otherwise multiplying 
certain parts of the quadratic. And as some quadratic 
equations have two roots, therefore the cubics and others 
raised from them, have also the same two roots, and no 
more. And hence he comes to know what relation these 
two roots bear to the coefficients of the two lowest terms 
of cubic and other equations, when they have only 3 
terms, namely, by comparing them with similar equations 
so raised fVom quadratics. And, on the contrary, what» 
ihe roots are, in terms of such coefficients. , 

6 . He made some observations on the limits of the two 
roots of certain equations. 

7. He slated the general relation between the roots of 
certain equations and the coefficients of its terms, when 
the tcrpis arc alternately plils and minus, and none of 
them are wanting, or the roots all positive. 

8 . He extracted file roats of affected equations, by a 
method of approximation similar to that for pure powen. 

9 . He gave the construction of certain equations, and 



A L G 


A L G 


[ 93 ] 


exhibited their roots by means of angular sections; be* 
fore adverted to by BoniU llr* 

OF ALltB&T GIRARD* 

Albert Girard was an ingenious Dutch or FIcraiah ma« 
themaiician, who died about the year Hi33. iic pub« 
lished an edition of Stevinus’s Arithmetic in 16^25, aug* 
menterl with many notes; and the year after his death 
was published) by bis widow, an edition of the ^shole 
works of StevinuS) in the same inanncri which Girard had 
left ri*ady for the press. But the work which cniitlcs him 
to a particular notice in this history, is his ** Invention 
Nouvelle cn TAlgcbre, tant pour la solution des equa¬ 
tions, que pour recoguoislre lu nombre des solutions qu'el- 
les refoivant, avee plu$ieun> clioses qui sent iiccessaires a 
ia perfection de cestc divine science which was printed 
at Amsterdam l629» in small quarto, in 6 j pages, viz, 4p 
pages on arithmetic and algebra, and the rest on the 
measure of the superficies of spherical triangles and po¬ 
lygons, b\ him then lately discovered* 

in this w'ork, Girard first premises a short tract on 
Arithmetic; in the notation of which he has something 
peculiar, viz, dividing the numbers into the ranks of mil¬ 
lions, billions, trillions, &c* 

He next delivers the common rules of algebra, not only 
in integers and fractions, but radicals also; with the no¬ 
tation of the quantities and signs* In this part he uses 
sometimes the letters a, b, c, &c, after the manner of 
Victa, but more commonly the characters of Sicvinus, 
viz, (J), P', &c, {or the powers of the unknown 

quantity, with their roots 0 , ©, tised by 

Stevinus; and sometimes the more usual marks of the 
roots, as -v/ or v^, &c; prefixing the coefficients, 

as 6 ^, or 3^3^ or 2 ^* In the signs he follows his pre¬ 
decessors so far as to have for plus, ^ or -r for nii> 
nus, =: for general or tndefiiiitc diflereiice, a -»• u for the 
sum, A — B or A = B for the difference, ab the product, 

and for the quotient of a and B. He uses the paren¬ 


theses ( ) for the vinculum or bond of compound quan¬ 
tities, as is non- commonly practised ; as a(ab Bq), or 
|/(a cub. — 3Aqn); and be introduces the new characters 
for greater than, and § for lete than ; but hd uses no cha¬ 
racter for equality, only the word itself. 

Girard gives a new rule for extracting the cube root of 
binomials, which however is in a good measure tentative, 
and which be explains thus: To extract the cube root of 
72 •*- v'5120. 

The squares of the terms 

-their diOcrence 64, and its cube 
root 4. Which shows that the difference between the 
squares of the terms required is 4; and the rational part 
72 being the' greater, the greater term of the root will be 


2 

3 

4 

5 


V'O 

a/5 

./12 

^21 


rational also; and further, that the greater 
terms ,of the power and root arc commen¬ 
surable, as also the two less terms. Then 
having made a table as in the margin, where 
the square of the rational term always ex¬ 
ceeds that of the other, by the number 4 above mention¬ 
ed, one of these binomials must be the cubic root sought, 
if the given quantity have such a root; and it must be 
one of these four forms; for it is known to be carried far 
enough by observing that the cube root of 72 is less than 
5, and the cube root of 5120 less than 21; indeed, this 
being the case, the last binomial is excluded, as evidently 


too great; and the hrst excluded because one oi its 
terms is 0; therefore the roc't must be cilher 3 v'S or 
4 ^12, And to know wbellier of these two it must 

be, try which of tlictn has its two tcjm.s exact divisors ot 
the correspondterms ol ihe gi\en quantity; then it is 
found that 3 and 4 arc both diMsors of 72, but that only 
5, and not 12, is a divisor of 3120; therefore 3 \/S 

is the root sought, which upon trial is found to answer. 
It is remarkable here, that Girard use's 4 -t- v^20 instead 
of 4 v^l2, and 5 h- v^ 29 instead of 5 v^20, con¬ 

trary to his otvn rule. 

Girard then gives distinct and plain rules for bringing 
questions to equations, and for the reduction of tliose 
equations to their simplest form, for solution, ^y the usual 
modes, and also by the way called by Vieta Isomcrioy 
multiplying the ti^rms of the equation by the terms of a 
geometrical progression, by which means the roots are 
altered in the proportion of 1 to the ratio of the progres¬ 
sion* He then treats of the methods of finding the roots 
of the several kinds of equations, quadratic, cubic, &c; 
and adds remarks on the proper number of conditions or 
equations for limiting questions* The quadratics are re¬ 
solved by completing the square, and both the positive 
and negative roots arc taken; and he observes that some¬ 
times the equation is impossible, as 0 equ. 6 \d ~ 25, 
whose roots, he adds, are 3 h- i 6 and 3 — l 6 . 

The cubic equations he resolves by Cardanos rule, ex¬ 
cept the irreducible case, which hc'thc first of any re¬ 
solves by a tabic of sinea ; the other cases he also ro- 
solvis by tables of sines and tangents; and adds geome¬ 
trical Constructions by means ot the hyperbola or the tri¬ 
section of angk^. He next adds a particular mode of 
resohiiig all kinds of eqtialions, that have rational roots, 
on the principle of the roots being divisors of the hist or 
absolute term, as before mentioned by Peletarius ; and 
then gives the method of approximating to other roots 
tl>at arc not rational, much in the same way as Sicvinus* 

Having found one root of an equation, by any of the 
former methods, by means of it he depre^*s the equation 
one degree lower, then finds another root, and so on till 
they are all afound; for he shows that every algebraic 
equation, admits of as many solutions or roots, as there 
are units in the.index of the highest power, which roots 
may be either positive or negative, or imaginary, or, as he 
calls them, greater than nothing, or less than nothing, or 
involved; so the roots of the equation 1 O equ. 7® ~ 
arc 2, 1, and ^ 3; and the roots of the equation equ. 
4 ® — 3 are, 1, and 1, and — 1 ^ — 2, and — 1 

In depressing an equation to lower degrees, he does not 
use the method of resolution of Harriot, but that which 
is derived from the general relation of the roots and coeffi¬ 
cients of the terms, which he here fully and universally 
stales, viz, that the coefficient of the 2d term is equal to 
the sum of all the roots; that of the 3d term equal to, 
the sum of all the products of the roots, taken two by 
two; that of the 4th term, the sum of the products, taken* 
three by three; and so on, to the last or absolute torm^ 
which is the continual product of nil the roots; a propeny 
which wa^ before stated by Vieta, as to the equations that 
have all their roots positive; and here extended by Girard 
to all kinds of roots whatever; but bow either Vieta or 
he came by this property, no where appears that I know 
of* From this general propeny, among other deductions, 
Girard shows how to find the sums of the powers of the 
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rools of an cqualioti; thus, let a, b, c, d, &c, he the 
1st, 2d, 3d, 4tli, &c, cot fhcienl, after the first term, or 
the sums of the products taken one by one, two by two, 
three by three, &c ; then, in all kinds of equations, 

A (foots, 

Aq — 2 b f ^squares, 

A cub. — 3a D-*- 3c C=£j cubes, 

Aqq —4AqiJ ■+■ 4ac -+- 2Bq — 4 d} i 2 (biquadrates. 

Girard next explains the use of negative roots in geo¬ 
metry. showing that they represent lines only drawn in a 
direction contrary to those re|ircsentiiig the positive roots; 
and he remarks that this is a thing hitherto unknown. He 
then terminates the algebra by some questions having 
two or more unknown quantities. And he subjoins to the 
whole a tratt on the mensuration of the surfaces of sphe¬ 
rical triangles and polygons, by him lately discovered. 

From the foregoing account it appears that, 

1st, lie was the first person who understood the general 
doctrine of the formation of the coi-flicients of the powers, 
from the sums of their roots, and their products, &c. 

2d, lie was the first who understood the use of negative 
roots in the solution of geometrical problems. 

3d, He was the first who spoke of the imaginary roots, 


Harriot’s Algebra was written long before this time, and 
indeed that lie had never seen these pieces. 

Harriot’s Algebra was published by his friend Waller 
Warner, in the year 1631 : and it would doubllcM be 
highly grateful to the learned in these sciences, if his 
other curious algebraical and astronomical works were 
published, from his original papers in the possession of the 
carl of Egremonl, to whom they have descended from 
Henry Percy, the earl of Northumberland, that noble 
Maecenas of his day. The book is in folio, and entitled 
Artis Analyticae Praxis, ad .£quationes Algebraicas nova 
expedita, et general! methodo, resolvi ndas; a work in all 
parts of it showing marks of great genius and originality, 
and is the first instance of the modern form of algebra, 
in which it has ever since appeared. It is prefaced by 
18 definitions, which arc these : 1st, Logistica Speciosa ; 
2d, Equation; 3d, Synthesis; 4, Analysis; 5, Composi¬ 
tion and Resolution; 6, Forming an Equation; 7, Re¬ 
duction of an Equation; 8, Verification; 9 p Numerosa 
ct Speciosa; 10, Kxcogitata; 11, Resolution; 12, Roots; 
13 and 14, The kinds and generation of equations by rnul- 
tiplication, from binomial roots or factors, called original 
equations: 


$ 


and understood tliut every equation might have ua many 
roots^ real and iinHginary^ and no more, as there are units 
in the index of the highest power# And he was the first 
who gave the wliimsical name of <]Ufm(uies Ics4 than no^ 
thing to the negative ones. 

4thf He was also the first who discovered the rules for 
summing the powers of the roots of any equation. 

OF hahridt. 

Thomas Harriot, an cxccltcnt astronomer, philosopher, 
and mathcroaticiari, was born at Oxford in 1560. After 
taking the degree of bachelor of arts in 1579* he accom* 
panlcd the famous Sir Walter Rnicigh in an expedition to 
Virginidi where the first English establishment was made. 
Harriot hero drew the map of the country, and in 1588 
gave a relation of the voyage. Deing returned to his 
country, it appears that he gave himself up entirely to 
the study of the mathematics, and especially to that of 
algebra, lie remained not long unknown to the carl of 
Northumberland, a great encourager of the^cicnccs, who 
maintained several learned men, such as Rob. Hues, Wal¬ 
ter Warner, and Nathaniel Tarporlcy. This enlightened 
nobleman entertained Harriot in his house, with a salary 
of #£300 sterling a*year, a great sum in those times; and 
in this situation it was that Harriot finished bis days, in 
the year 1621, at 61 years of age# 41 appears by Keplci^s 
letters, that he held a correspondence with this astrono* 
mer, chiefly on the theory of the rainbow# Harriotts ma¬ 
nuscripts, lately discovered in the castle of the carl of 
Egremont, inform us of many of hit astronomical obser¬ 
vations, and particularly of those of the spots in the sun 
as early as the beginning of December 1610, while the 
first of those of Galileo were not made before the prece¬ 
ding month. So that Harriot must then either have made 
himself a telescope, or procured one from Holland. He 
made in the same year also, observations on Jupiter’s sa¬ 
tellites, and on the remarkable comets of the years l607 

and 1616. ' ^ 

« 

His Algebra was left behind him unpublished, as well 
as those other papers, at his death, which happened in 
the year l62I, as before rnentioned, and but 6 years after 
the first publication of the principal parts of Vieta’s Al¬ 
gebra, by Alexander Aiidenon; so that it is probable that ’ 


droA-t's naa + taa + lxa 

'~* a — d — daa — fda — ltd} 

where he puts a for the unknown quantity, and the small 
consonants, h, c, d, Ac, for its literal values or roots. 

15, The first form of canonical equations, which are derived 
from the above originals, by transtiusing the homogc- 

oeum, or absolute term, thus cia ba 

— c« = -4- be, Ac. 

16, The secondary canonicals, formed from the primary 
by expelling the 2d term, thus oa = -*- W, 

or aM — bba 

— bca 

— cca ss - 4 - bbe 

•4- bcc. 

17, That these arc called canonicals, because they are ad¬ 
apted to canons or rules for finding the numeral roots, Ac. 

18, Reciprocal equations, In which the homogeneum 
is the product of the coefficients of the other terms, and 
the first term, or highc*st power of the root, is equal to 
the product of the powers in the other terms, as aaa — 
caa bba = -4- bbc. 

After these definitions, the work is divided into two 
principal purls; Ist, of various generations, reductions, 
and preparations of equations for their resolution in the 
2d part. The former is divided into 6 sections as follows. 

Sect. 1. Logistices Speciosa, Exemplified in the 4 ope¬ 
rations of addition, subtraction, multiplication, and divi¬ 
sion ; 05 also the reduction of algebraic fractions, and the 
ordinary reduction of irregular equations to the form pro¬ 
per for the resolution of them, namely, so that all the un¬ 
known terms boon one side of the equation, and the known 
term on the other, the powers in the terms ^angc(^ in or¬ 
der, the greatest first, and the first or highest power made’ 
positive, and freed from its coefficient; as aa ba =cd; 
or aaa + baa — eda =s -- c*rf. 

In. this part he explains sorqe unusual characters which 
he introduces, namely, =: for equality, as n s 6. 

* > for majority, as a > 

< for minority, as fl < 6; 

but the first had been before introduced by Robert Re- 
corde. 
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Sect. 2. The generation of original equations from bi* 
nomial factors or roots, and the deducing of canonicals 
from the originals* He supposes that every equation has 
as many roots as dimensions in its highest power; then 
supposing the values of the unknown letter a in anyequa**^ 
tion to be f>, c, d;/, &c, that is a ^ b, and n ^ c, and 
a = </, dec; by transposition, or equal subtraction, these 
become a — d O, and a c := Of and a ^ d = Of dec, 
or the same letters with cpntnii^ signs for negative values 
or foots; then two of these binomial factors, multiplied 
together, give a quadratic equation, three of them a cu* 
bic, four of them a biquadratic, and so on, with all the 
terms on one side of the equation, and 0 on the other 
side, since, every binomial factor being s O, the conti¬ 
nual product of all of them must also be s 0. 

And these operations are carried through all the cases 
of the 2d, 3d, and 4th powers, as to the varieties of the 
signs -h and and the proportions, of the roots as to 
equal and unequal, with the reciprocals,&c* From which 
are made evident, at one glance of the eye, all the rela¬ 
tions and properties between the roots of equations, and 
the coefficients of the terms. 

Sect* 3* Mijuaiionum canonicarum ucundariarum a prt- 
ntariu rcducHo per gradus alicujtu parodici subfadofictn 
dicesupposititiainvariata manente. Containing a gr<.*at many 
examples of preparing equations, by taking away the 2d, 
9d, or any other of the intermediate terms, which is done 
by making the positive coefficients in that term, equal to 
the negative ones, by which means the whole term va¬ 
nishes, or bi'Comcs equal to nothing. They are extended 
as far as equations of the 5th degree ; and at the end are 
collected, and placed in regular order, all the secondary 
canonicals, so reduced; so that by the uniform law which 
is visible* through them all. llie series may be continued 
to the higher degrees as far as we please* 

Sect. 4. Mquulionum canonicarum tarn primnriarumf 
quam lecunduriarwHf radicum de$ignatio, A great many 
literal equations arc here set down, and their roots as* 
signed from the form qf the equation, that is, all their po¬ 
sitive roots; for their negative roots are not noticed here; 
and it is every where proved that they cannot have any 
more positive roots than these, and consequently the rest 
are negative* That those are roots, he proves by substi¬ 
tuting them instead of the unknown letter a in the equa¬ 
tion, when they make all the terms on one side come to 
the same thing as the homogeneum on the other side* 

Sect 5. In qua aqualionum communitmper canonicarum 
aquipoUaUiamy radicum numerui deierminatur. On the 
number of the roots of common equations, that is the po¬ 
sitive roots* This Harriot determines by comparing them 
with the like cases found among his canonical forms, 
which two equations, Iiaving the same number of terms 
with the same signs, and the relations of (he coefficients 
and homogeneum correspondent, be calls equipollents* 
And whatever was the number of positive roots used in 
the composition of the canonical, the same, he infers, is 
the number in the proposed common equation. It is re¬ 
markable that, in all the examples here used, the number 
of positive roots is just equal to the number of the changes 
in the signs from to and from ^ to -^, which is a 
circumstance, tbou^ not here expressly mentioned, that 
could not escape the observation, or the eye, of any one, 
much less of so clear and comprehensive a sight os that of 
Harriot, 

In this section are contained many ingenious diiquisU 
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tions, concerning the limits and inagniludcs ot (piantMicit 
with several curious lemmas laid down to demonstrate 
the propoi'itions by, which ]i mmas arc themselves de¬ 
monstrated in a pure inarhcinatical way, from the magni¬ 
tudes themselves, independent of geometrical figures; 
such as, \y If a qunntity be divided int<^ any two unequal 
parts, the square of half the quantity will be greater than 
the product of the two unequal parts. 2, In three con¬ 
tinued proportionals, the sum of the extremes is greater 
than double the mean. 3, In four continucil proportio¬ 
nals, the sum of the extremes is greater than the sum of 
the two means. 4, In nny two quantities, one-fourth the 
square of the sum of the cubes, is greater than the cube 
of the product of the two quantities. 5, Of any two 
quantities q and r, then -^{qq rry >^(^yr h- 

qny. 6f If any quantity be divided into three unequal 
parts, the square of y of the whole quantity isgrratrr 
than y of the sum of the three products made of the 
three unequal parts. 7, Also the cube of the j part of 
the whole, is gri*atcr than the solid or continual product 
of the three unequal parts. 

Sect 6. ^quaiionum communium reduclio per gradus o/f- 
cujusparodici cJclusionen^ et radicis supposititia muiaticnem. 
Here arc a great many examples of reducing and trans¬ 
forming equations of the 2d, 3d, and 4(h degrm; chiefiy 
either by multiplying the roots of equations in any pro¬ 
portion, ns was done by Victa, or increasing or diminish¬ 
ing the root by a given quantity, after the manner of Car¬ 
dan. The former of these reductions is performed by 
multiplying the terms of the equation by the cori\*spond- 
ing terms of a geometrical progression, the first term be¬ 
ing 1, and the 2d term the quantity by which the root is 
to be multiplied. And the other reduction, or trans¬ 
forming to another root, which may be greater or less 
than the given root by u given quantity, is performed com¬ 
monly by substituting r -t* or 5 for the given root a, 
by which the equation is reduced to a simpler form* 
Other modes of substitution are also used ;* one of which 

is ibis, vi^i substituting or c ± -j- for the root a in 

the given equation aaa ^ 5Ma sx 2.ccc, by which it rc- 
duc(*s lo this quadratic form ^ ^ 2c^e^ from 

which Cardanos forms arc immediately deduced; namely, 

e = \/3) i l\ and therefore a or c ± = 

^3) c® *+• ± i ^/3) where he de¬ 

notes the cubic oVi 3d root thus, v^S), but without uny 
vinculum over the compound quantities. 

In this tection, Harriot makes various remarks as they 
occur: thus, be remains, and demonstrates, that eee — 
3.bb = — ecc — 2Mb is an impossible equation, or has 
no affirmative root. He remarks also that the three cases 
of the equation ana — 3,bba = h- 2*ccc are similar to tha 
three conic sections; namely to the hyperbola when 
c > 5, to the parabola when c = 5, or to the oHipsis when 
c< bf and for which reason this case is not generally re¬ 
soluble in species* 

Having thus shown how to simplify equations, and pro- 
pari them for solution, Harriot enters next upon the se¬ 
cond part of bis work, being the 

Bxegelice Numeresa^ 

or the numeral resolution of all kinds of equations by a 
general method, which is exemplified in a greet number 
of cquationSi both simple and affected, as far as the 5th 
power inclustve; and they are commonly prepared, by 
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tbo forcfjoing parts, lij freeing them from their 2d term, 
&c. These extractions are explained and purtormed in a 
way different from that of V'ieta; and the examples arc 
first in perfect or terminate roots, and afterwards lor irra¬ 
tional or interminute ones, to which Harriot approxi¬ 
mates, by adding always periods of ciphers to the given 
number or rt-solvcnd, as fur as necessary in decimals, 
which arc continued and set down as such, but with their 
proper denominator 10, or 100, or 1000, &c. 

He then concludes the work with 

Canone.t Direclorii, 

which form a collection of the cases or theorems for 
making the foregoing numeral extractions, ready arranged 
for use, under the various forms of equations, with the 
factors necessary to form the several rcsolvends and sub¬ 
trahends. 

And fiom n review of the (vholc work, it appears that 
Harriot’s inventions, peculiarities, and improvements in 
algebra, may be comprised in the following particu¬ 
lars. 

1st. He introduced the uniform use of the small let¬ 
ters, a, b, c, d, &c, viz, the vowels a, e, &c for unknown 
quantities, and the consonants b,c,d,/t &c for the known 
ones; which he Joins together like the letters of a word, 
to represent the luultiplication.or product of any number 
of these literal quantities, and prefixing the numeral co¬ 
efficient as we do at present, cx^ejtt only separated by a 
point, tiius S.bbc. For a root, he set the index of the 
root after the mark v'’; as v^3) for the cube root. He 
also introdqccd the characters > and <, fur greater and 
less; and in the reduction of equations, he arranged the 
operations in separate steps or lines, setting the explana¬ 
tions in the margin on the left hand, for each line. Hy 
which, and other means, he may he considered as ih^in- 
troduccr of the modern state of algebra, which quite 
changed its form under his hands. 

2d. He showed the universal generation of all the com¬ 
pound or affected equations, by tbc continual multiplica¬ 
tion of os many simple onc-s, or binomial roots ; thereby 
plainly exhibiting to the eye the whole circumstances of 
the nature, mystery and number of the roots of equa¬ 
tions; with the composition and relations of the ctH-lfi- 
cients of the terms; aod from which many of the must 
important properties have since been deduced. 

3d. He greatly improved the numeral exegesis, or ex¬ 
traction of the roots of all equations, by clear and expli¬ 
cit rules and methods, drawn from the foregoing genera¬ 
tion or composition of affected equations of all degrees. 

OP OUQUTKEn’s CLAViS. 

Oughtred was contemporary will Harriot, but lived a 
long lime after him, as he died only in l660, at 87 years 
of age. His Clavis was first published in l631, the same 
year in which Harriot’s Algebra was published by bis 
friend Warner. In this work, Oughtred chiefly follows 
yieta, in the notation by the capitals a, b, c, d, &c, in 
the designation of products, powers, and roots, though 
with some few variations. His work may be compre¬ 
hended under the following particulare. 

1 . Notaiion. This extends to both algebra and arith¬ 
metic, vulgar and decimal. Tbc algebra chiefly after the 
manner of Viela, as abovesaid. And he separates the de¬ 
cimals from the integers thus21|56, which is the first time 
I have observed such a separation, and the decimals set 
down without their denominator. 

2. The common rules or operations of arithmetic and 


al^cbta. In algebraic rauUiplicalion, he either join^ the 
letters together like a word, or connects them by the mark 
X , which is the first introduction of this character of 
multiplication: thus a x a or aa or Ay. But omitting 
the vinculum over compound factors, used by Vida. He 
introduces here many neat and useful contractions in 
multiplication and division of decimals : as that common 
one of inverting the multiplier, to have fewer decimals, 
and abridge tlie work; that of omitting always one figure 
at a time, of the divisor, for the same purpose ; dividing 
by the component factors of a number instead of the num¬ 
ber itself; as 4 and 6 for 24; and many other neat con¬ 
tractions. He states his proportions thus 7-9:: 28.36, 
and denotes continued proportion thus; which is the 
first time I have observed these characters. 

3. invents and describes various symbolical marks or 
abbreviations, which are not now used. 

4. The genesis and anuiifsis of powers. Denotes powers 
like Vida, and also roots, thus ^96, ^c20, ^^9924, &c; 
and much in his manner loo performs the numeral ex¬ 
traction of roots. He here gives a table of tire powers of 
the binomial a e as far as the loth power, with all 
their terms and coefficients, or uneiK as be calls them, 
after Vida. 

5. Equations. He here gives express and particular di¬ 
rections for the several kinds of reductions, according as 
the form of the equation may require. He uses the letter 
u after y^, for universal, instead of the vinculum of Victa. 
And he observes that the signs of all the terms o( the 
powers of A -t- E arc positive, but those of a — B arc al¬ 
ternately positive and negative. 

6. Next follow many properties of triangles and other 
geometrical figures; and the first instance of applying 
algebra to gvomdry, so as to investigate new geometri¬ 
cal propertiis; also, after the algebraical resolution of 
each problem, he commonly deduces and gives a geome- r 
tricul construction adapted to it. He gives also u good 
tract oil angular sections. 

7. 'I'hc work concludes with tbc numeral solution of 
affected equations, in which he follows the manner of 
^'ida, though lie is more explicit. 

OF DESCARTES. 

Descartes's Geometry was first published in l637» be¬ 
ing six years after the publication of Harriot’s Algebra. 
Thai work was rather au application of algebra to geo¬ 
metry, than the science either of algebra or geometry 
ilsclQ purely and properly so called. And yet hq made 
improvements in both. We must observe, however, that 
all the piopertics of equations, &c, which be sets down, 
are not to be considered as even meant by himself for new 
inveniioiu or discoveries; but as statements and enume¬ 
rations of properties, before known and taught by othdk 
authors, which.bo is about to make some use or applica¬ 
tion of, and for which reason it is that be mentions those 
properties. 

Descartes’s Geometry consists of three books. The 
first of these is, De Problemalibus, quse construi possunt, 
adbihendo tautum rectas liness et circulos. Ho here ac¬ 
commodates or performs arithinctical operations by geo¬ 
metry, supposing some line to represent unity, and theii, 
b^ means of proportionals, showing how to multiply, di¬ 
vide, and extract roots, by lines. He next describes the 
notaiion he uses, but not because it is a new one, for it is 
the same as hud been used by former authors, viz, a ^ b 
for thp addidoD of a aod 6, also a — 6 for their subtrae- 
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ab muhipUcarion, — division, or a* the square 

of o, its cube , &c: also for the square root 

of for the cube root, &c, 

with a bar over the quantities. He then observes, after 
Stifcliu^, that there must be as many equations as there 
are unknown lines or quantities; and that they must be 
reduced all to one final equation, by exterminating all ibc 
unknown letters except one; when the final equation will 
appear like those, 

z ZC b, OT 

z* X — as -k feS or 

20 -k az^ -k i*z — or 

30 -k ar* ^ b^z* — e^s + dS &c. 

Where he uses X for = or equality, setting the higliost 
term or power alone on one side of the equation, and all 
the other terms on tlic other side, with their proper signs. 

Descartes next defines plane problems, namely, such us 
can be rc'solved by right lines and circles, clescnbed on a 
plane superficies; and then the final equation rises only 
to the 2d power of the unknown letter. He then con* 
structs such equations, viz, quadratics, by the circle, thus 
^nding gcoiDclrically the root or roots, that is, the posi* 
tivc ones. But w hen the lines, by which the roots arc 
determined, neither cut nor touch, he observes that the 
equation has then no possible root, or that the problem is 
'impossible. He then concludes this book with the alge¬ 
braical solution of the celebrated problem, before treated 
of by the ancients, ndnely, to find a point, or the locus 
of all the points, from wbicli a line being drawn, to meet 
any number of given lifTes in given angles, the product of 
the segments of some of them shall have a given ratio to 
that of the rest. 

Book 2. De Natura Unearum Curtarum. This is a good 
algebraical treatise on curve lines in general, and the first 
of the kind that has been produced by the modems. Here 
the nature of the curve is expressed by an equation con¬ 
taining two unknown or variable lines, and others that 

are known or constant, asy* 55 qy — ac. But, 

not relating to pure algebra, the particulars will be most 
properly placed under the article of curve lines, and other 
lenns relating to them. Only one discovery, among many 
ingenious applications of algebra to geometry, may here 
be particularly noticed, as it may be considered as the 
fintt step towards ibe arithmetic of infinites; and that is 
the method of tangents, here given, or, which comes to 
tlie sumo thing, of drawing aline perpendicular to a curve 
at any point; which is an itigenious application of the 
general form of an equation, generated in Harriotts way, 
that has two equal roots, to the equation of the curve. 
Of which a particular account will be given at the article 
Takcekts. 

Book 3. D< Construefione ProblemnUm Solidorumf tt So^ 
lida txccdentiuni. Descartes begins' this tbook with 
marks on the nature and roots of equations, observing, 
that they have as many roots as dimensions/ which he 
shows, after Harriot, by multiplying a certain number .of 
simple binomialjequations togetber, as.x — 2 90 Oj^and 
sr — 3 00 0, and x — 4 00 0, j)roducing — 9xx ^ 2(>r 
^ 24 00 0. He here remarks that equations may some¬ 
times have their roots or what we call negative, 

which ho opposes to those that arc positive, or as he calls 
them Cardan had doqg before. As a natural de¬ 

duction from ll^ generation or composition of eq^tioos, 
Voj.*!. ^ 


by multiplication, he infers their resolution, or depression, 
or decomposition, namely, dividing them by the binomjal 
fuctors^^liich were multiplied to produce the equation: 
and he observes, that, by tins operation it is known that 
this divisor t» one ot the Innoaiial roots, and th9t tberu 
can be no more roots than dimensions, or than those 
which form with the unknown x, binomials that 

will exactly divide the equation, as Harnol had shown 
before. 

Di-scartes adverts to several other pruportii^, mostly 
known before, which he has occasion to make use of in 
the progress of his work; such as, that c*<|uation$ may 
have as many true roots as the terms have changes of the 
signs -k and , and us many false ones as successiuns of 
the same signs; which numbc'r and nature of the roots 
had before b<‘en partly shown by Cardan and Viotj, from 
the relation of the coefficients, and their signs, and the 
same thing appears more fully by Harriots 5(h Siclton. 
And hence DcdCartCd infers the metho<l of changing the 
true roots to false, and the false to true, namely, by 
changing the signs of the even terms only, as Cardan had 
taught before. Descartes then adverts to other reduc- 
tio4p aj)d transmutations which bad{bccn taught by Car¬ 
dan, Vieta, and Harriot, such as, To increase or diminish 
the roots by any quantity; To take away tbc 2d term; 
To alter the roots in any proportion, and tbence to fre« 
the equation from fractions and radicals. 

Descartes next remarks that the roots of equations, 
whether true or may be cither real or imaginar) ; 

as in the equation 6xx -k 13x — 10 X 0, which has 
only one real root, namely 2. The imaginary roots were 
first noticed by Albert Girard, ns before inentioned* He 
then treats ot the deptc'ssion of a cubic equation to a 
quadratic, or plane problem, that it may be constructed 
by the circle, by dividing it by some one of the binomial 
factors, which, in Harriot's way, compose the equation. 
Pelelarius having shown that the simple root is one of the 
divisors of the known term of the equation, and Harriot 
that that term is the ctmtinual product of ull the roots, 
Descartes thcrcfofc tries all the simple divisors of that 
term, till he finds one of them which, connected with the 
unknown letterX, by -k or ^,will exactly divide the equa¬ 
tion. And the process is the same for liigher powers than 
the cube. But when a divisor cannot be thus found, fur 
depressing a 'biquadratic equation to a ctibic, he gives 
another rq|e, which is a new one, for dissolving it into 
two quatlratics, by means of a cubic equation, in this 
manner: 

Lx't the given biqu. be -k x% . prx . jx . r X 0; 

Which suppose") . ^ 

equal to ihc( xx^yx -k • — X 0, 

rh^Q“'t>vo“^ ) + " + J'* + to • -ip ■ ^ » 0; 
wbcrv the sign of in the two (juaiiratics must be die 
same as (he sign ol'p in tbc given equation, nnd in thu 1>t» 

’ ft ^ 

quadratic tbe sign of must be the same as die sign of 

9, but in the 2d quadratic the contrary. Then if there 
be found the root yj/ of this cubic equation y*. 2/^* 

if jy 9V 3® where the sigd' 2p is the same as of p 
in the given biquadratic, but the sign of 4r contrary to 
that of r in the same; (hcn'tlie value ofy, hence <ic«luced, 
being substituted for it irr the two quadratic equations, 
and tbeir two pairs of roots taken, they will be the four 
roots.of the proposed biquadratic. And thus also, he 
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Ijinis, may c(iuations of tiu- 6th power be rc«luccd to 
those of the 5tb, and tl.ose of the Bth power to those of 
the 7th, and so on. Descartes does not give thclnvesti- 

t tion of this rule; but it has e^iaenlly been done, by 
mining indeterminate quantities, after tlic manner of 
Ferrari and Cardan, as coefiicicnls of the terms of the two 
<}uadratic c*|uations, and aAcr multiplying the two tog<- 
ther, determining their values by comparing the resulting 
terms with those of the proposed biquadratic equation. 

After these reductions, which arc only mentioned for 
liie sake of the geometrical constructions which foliosv, 
by simplifying and depressing the equations as much as 
they will admit, Descartes then gives the construction of 
solid and otlicr higher problems, or of cubic and higher 
equations, by means of parabolas and circles; where he 
observes, that (he false roots are denoted by the onlinates 
to the parabola lying on the contrary si«lc of the axis to 
the true roots, ns before mentioned by Girard, finally, 
these constructions arc illustrated by various problems- 
concerning the trisecting of an angle, and the finding of 
two or foiir mean proportionals; which concludes this in¬ 
genious work. 

From the foregoing analysis may easily be collectc4 the 
real inventions and iin[)rovcments made in algebra by Des¬ 
cartes. His work, as has been observed before, is not al¬ 
gebra itself, but the application of algebra to geometry, 
and the algebraical doctrine of curve lines, expressing 
and explaining their nature by algebraical equations; 
and, on tlie contrary, constructing and explaining equa¬ 
tions by means of the curve lines. What respects the 
geometrical parts of this tract we shall have occasion to 
advert to elsewhere; and therefore shall here only cnu« 
meraic the circumstances which belong more peculiarly 
to the science of algebra, which I shall distinguish into 
the two hoails, of improvements, and inventions. And 
Ut Of his improvements.—That he might lit equations 
the better for their application in the construction of pro¬ 
blems, Descartes mentions, as it were bythc-by, many 
things concerning the nature and reduction of equations, 
without troubling himself about the first invcntois ot 
them, staling them in his own terms and manner, which 
is commonly more clear and c.xplicit, and often with itli- 
proTcments of his own. An«l under this head we find that 
ho chiefly followed Cardan, Victa, and Harriot, but espe¬ 
cially the last, and explains some of their rules and dis¬ 
coveries more distinctly, and varies but a little in the no¬ 
tation, putting the first letters of the alphabet for the 
known, and the latter letters for the unknown quantities; 
also 3^ for aaa, &c; and X for =. But Hcrigono used 
the numeral exponents in the. same manner some years 
before, as well os several older authors. Descartes ex¬ 
plained or improved moat parts of the reductions of equa¬ 
tions, in their various transmutations, the number and na¬ 
ture of their roots, true and false, real and what he deno¬ 
minates imaginary, called involved by Girard; and the’ 
'depression of equations to lower degrees. * • 

2d. As io his inventions and discoveries in algebra, tbpy 
may be comprised in these particulars: namely, the ap¬ 
plication of algehrn to the geometry of curve lines, th6 
constructing equations^of the higher orders, and a rule 
for resolving bi(|uadratic equations by means of a cubic 
and two quadratics. 

Having now traced the science of algebra from its ori¬ 
gin and rude state, down to its modem and more polished 
form, in which it has ever since continued, with very 


little variation; having analysed all or most of the prin¬ 
cipal authors, in a chronological order, and deduced the 
inventions and improvements made by each of them; 
from this time the authors both become loo numcrouv, 
and their improvements loo inconsiderable, to mem a 
detail in the same minute and circumstantial way; and 
besides, these will be belter Cxplamcd in a parliculur 
manner under the word or article fO which each of ihcnt 
severally belongs. It may thgTcftre now suffice to enu¬ 
merate, or announce only in a cursory way, the chief im¬ 
provements and authors on algebra down to the present 

After the publication of the Geometry of Descartes, a 
rreat many other ingenious men followed the same course, 
applying themselves to algebra and the new geometry, to • 
the mutual improvement of them both; which wa» done 
cliiefly by reasoning on the nature and forms of equations, 
as generated and composed by Harriot. Before piocoCd- 
ing upon these, however, it is but proper to lake notice 
here of Formal, a learned and ingenious mathematician, 
who was contemporary and a competitor of Descartes, 
for his brightest discoveries, which lie was in possession 
of before the geometry of Descartes appeared. Namely,; 
the application of algebra to curve Uni'S, which he ex¬ 
pressed by an algebraical equation, and by them con¬ 
structed equations of the 3d and +tn orders; also ® 
thod of tangents, and a method de maximis cl minimis, 
which approach very near to the method ot fluxions or 
increments, which they strikinglytresemble, both in the 
manner of treating the problems, and in the algebraic no^ 
tution and process. The particulars of which, siC under 
the proper beads. Besides these, Fermat was deeply 
learned in the Diophantinc probllhis, and the bi-st edition 
of D.ophaiitus's Arithmetic, is that which contains the 
notes of Fermat on that ingenious work. 

But to return to the successors of Descartes. His geo¬ 
metry having been published in Holland, several learned 
and ingenious malhcmaiicians, of that country, presently 
applied themselves to cultivate and improve it; ns Schoo- ■ 
ten, Huddc, Van-Ileuract, De Witte, Slusius, Huygens, 
ice ; besides M. de Beaune, and perhaps some oihcis »o 

France. ... 

Francis Schooicn, professor of mathematics in the uni¬ 
versity of Leyden, was one of the first cultivators of the 
new eeometry. He Iramlalcd Descartes’s geometry out 
of French into Latin, and published it in 16+9, with his 
commentary on it, as also Briif Notes of M. de Beaune; 
both of them containing many ingenious and useful things. 
And in l659 ho gave a new edition of the same, in two 
volumes,'with the addition of several other ingenious 
pieces! iw, two posthumous tracts of de Beaune, the one 
on the nature and constitution, the other on the limits of 
equations, showing how to assign the limits between which 
arc contained the greatest and least roots of equations, 
extended aiid*corapleted by F.rasinus Bartholine: two 
letters of M. lludde on the reduction of equations, and ^ 
on the "maxima and minima of quantities, containing 
rqany ingenious rules; among which are some concerning 
iheilrawing of tapgenb, and on the equal roots of equa¬ 
tions, which he (lcterminc| by multiplying the terms of 
the equoiion by the terms of any arithmetical progression, 

0 being one of the terms, the equation is commonly de¬ 
pressed otic degree lower; also a tract of Van Heuract" 


on the recliflealion of curvq linc»; tbe olcmcA^d of.curvo 
by DoWiUc; BcrdioUno’s prindplca of uiuvcrurmatb^ 
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fliatici, or inlroduction to Descartwi’s geometry, which' 
bad before been published by itself in l65l; and to the 
end of the work is added a posthumous piece of Seboo- 
ten’s (for he died white the 2d vol. was printing) entitled 
Tractaius de conciiinandis deinoiistratiouibus gcomctricis 
ex calculo algebraico. Schootenalso published, in I()57i 
Exercitationes Mathematics, in which arc contained 
many curious algebraical and analytical pieces, among 
others of a geometrical nature* 

An elaborate commentary on Descartes’s geometry 
was also published by ¥• Rabuel, a Jesuit; and James 
Bernoulli, enriched with notes, an edition of the same, 
printed at Basil in 169—• 

The celebrated Huygens also, among his great discovc- 
ri<^, very much cultivated the algebraical analysis: and 
he IS often cited by Sebooten, who relates divet's inven* 
lions of bis,, while bo was bis pupiK 

Slusius, a^oon of Liege, publisbcd in l659» Me$ola« 
bum, sou iluae medi^ proper, per circulum et ellips* vel 
byperb* indnitis inodis exbibita^; by which, any solid pro¬ 
blem may be constructed by infinite diderent ways. And 
in 1668, he gave a second edition of the same, with the 
addition of the analysis, and a miscellaneous collection of 
curious and important problems, relating to spiraU, cen¬ 
tres of * gravity, maxima and minima, points of inflexion, 
and some Diophantine problems; all showing him deeply 
skilled in algebra and geometry. 

There have been a great number of other writers and 
improvers of algebra, of w^ch it may suflice slightly to 
mention the chief part, as in the following catalogue. 

In 1619 several pieces of Van Collen, or Ceulen, were 
translated out of Dutch into Latin, and published at Ley¬ 
den by W. SjicII ; among which ;irc contained a particular 
tri*atiseon surds, and bis proportion of the circumference 
of a circle to its diameter. 

In 1621 Bachet published, in Greek and Latin, an edi¬ 
tion of Diopbantus, with many notes. And anotlicr edi¬ 
tion bf theaamewas published in I670, with additions 
by Fermat. 

In 1^24 Bacbet’s Problcmes Plaisans et Delcclables, 
being curious problems in mathematical recreations. 

In 1634 Herigone published, at Paris, tbc first course 
of mathematics, in 5 vols. 8vo; in the 2d of which is con- 
tained a good treatise on algebra; in which be uses the 
notation by small letters, introduced by the algebra of 
Harriot, which was published three years before, though 
the rest of iidot^ not resemble that work, and one would 
suspect that Herigone had not seen it. The whole of this 
piece bears evident marks of originality and ingenuity. 
Bedsides for pftu, he uses ^ for tnima, and 2j2 for 
equalitt/, with several other useful abbreviations and marks 
of bis own. In the notation of powers, he does not re^ 
peat the letters like Harriot, but subjoins the numeral 
exponents to the letter, as Descartes did two years after¬ 
wards. And Herigone uses tbc same numeral exponents 
for roots, as ^S.for the cube root. 

In )63S Cavalcrius publisbcd his Indivisibles; which 
proved a new sera in analytics, and gave rise to other new 
modes of computation in analytics. 

< About 1C40, et seq. Robcrval made several notable im¬ 
provements in analytics, which are publbhed in tbc early 
volumes of the Memoirs of the Academy of Sciences; as, 
I, A tract CD the composition of motion, and a method 
of tangeuti. 2, De recognitionc squationum. 3, Dc geo- 


mctrica planarum ct cubicarum ajquationuin resolution'*. 
4, A treatise on indivisibles, 

In 1613 De Billy published Nova Geometnx Claus 
Algebra. And in I67O Diophantus Redivivuu. He 
an author particularly well skilled in Diophantine pro¬ 
blems. 

In 1644 Renaldine published, in 4to,OpU5 Algebraicuin, 
both ancient and modern, witli inathenuuical resolution 
and composition. And in 1665, in folio, tlic' >amc, greatly 
enlarged, or rather a new werk, which is sery heavy and 
tedious. In this work KonaKlinc uses the parentheses 
(«• 5^) as a vinculum, instead of the line over, as 

c* H- b’t 

In 1653 was published Wallis’s Arithmctica Infinilo- 
rum, being a new method of reasoning on quantilie<^, or a 
great improvement on the indivisibles of Cuvalerius, and 
which in a groat measure led the way to infinite series, 
the binomial theorem, and the method of fluxions. Wallis 
here treats ingeniously of quadratures and many other 
problems, and givc^ the first expression for the quadrature 
of the circle by an infinite scries. Another scries is here 
added for the same purpose, by the Lord Brouncker, the 
first pres, of the K. S. 

In 1659 was published, at Zurich in Switzerland, Alge¬ 
bra Rhonii Germnnice; which was, in 1668, translated 
into English by Mr. Thomas Branckcr, with additions and 
alterations by Dr. John Pell. 

In 1661 was published in Dutch, a neat piece <»f Al¬ 
gebra by Mr. Kinckhiiysen; which Sir Isaac Newton, 
while he was professor of mathematics at Cambridge, 
made use of and improved, and he meant to republish it, 
with the addition of his method of fluxions and infinite 
scries; but was prevented by the accidental burning of 
some of bis papers. 

In 1665 or 1666 Sir Isaac Newton made several of his 
brightest discoveries, though they were not published till 
afterwards: such as the binomial theorem; the method 
of fluxions and infinilc series; the quadrature, rcctifica- 
tioD, &c, of curves; to find the roots of all kinds of equa¬ 
tions, both numeral and literal, in infinite converging sc¬ 
ries; the reversion of series, &c. Of each of which a 
particular account may be seen in their proper articles. 

In 1666 M. Frenicle gave several curious tracts con¬ 
cerning combinations, magic squares, triangular numbers, 
&c; which were printed in the early volumes of tbc Me¬ 
moirs of the Academy of Sciences. 

In 1668 Thomas Brancker published a translation of 
Rhonios’s Algebra,with many additions by Dr. John Pell, 
who used a peculiar method of registering tbc steps in 
any algebraical process, by means of marks and abbre¬ 
viations in a small column drawn down the margin, by 
which each line, or step, is clearly explained, as was be¬ 
fore done by Harriot in words at length. This book con¬ 
tains a valuable table of prime numbers. 

In 1668 Mercator published his Logarithmotccluiidi or, 
method of constructing logarithms; in which he gives tbc 
quadrature of tbc hyperbola, by means of an infinite scries 
of algebraical terms, found by dividing a simple algebraic 
quantity by a compound one, and for the first time that 
this operation was given to the public, though Newton had 
before that expanded all sorts of compound algebraical 
quantities into infinite series* 

In the same year was published James Gregory’s 
Excrcitalioncs Geometrical containing, among other 
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»liiiig% a .Ifinonsiralinn of Mercator’s quadrature of the 
l»ypcrbola, by the same series. 

And in the same year was published, in ihc Philos^ 
phica) Transaction*, Lord Brouncker’s quadrature of the 
hyperbola, by anotlur infinite series of simple rational 
terms, winch lie had been in possession of since the year 
1657, when it was announced to the public by Dr. \\allis. 
Ixirtl Brouiicker’b series for the quatlraturc of the circle 
had been published by Wallis in liis Arithmetic of infi¬ 
nites, as before mentioned. 

In 1669 Dr. Isaac Barrow published his Optical and 
Geometrical I^eclurcs, abounding with profound re¬ 
searches on the dimensions and properties ot curve lines, 
but particularly to be noticed here for his method of tan¬ 
gents, by a mode of calculation similar to that of flu.xions, 
or increments, from which these differ but little, except 
in ihc notation. Of these lectures, the 13th merits the 
ipost special notice, being entirely employed on equa¬ 
tions, and delivered in a very curious way. He there 
treats of the nature and number of their roots, and the 
limits of their magnitudes, from the description of lines 
accommodated to each, viz, treating the subject ns a 
branch i*f the doctrine of maxima and minima, which in 
the opinion of some persons is the right way of consiiler- 
ing tliein, ami as far preferable t<i the so much boasicil in¬ 
vention of the generation of equations Iroin each other, 
explained by Harriot and Descartes. 

In l6'73 was publislwd, in 2 vols. folio, F.lements of 
Algebra, by John Kersey; a very ample nnd complete 
work, in which Diophaiitus's problems arc fully ex¬ 
plained. »« 1 - 

In 1675 were published Nouveaux Klemcns dcs Mather 
maliques, par J. Prestet, pretre: a prolix ami tedious 
work, which he presumptuously dedicated to God Al¬ 
mighty. 

About 1677 Ivcibniu discovered his Melhmlus Diffc- 
rcntialis, or else ma<lc n variation in Newton’s Fluxions, 
or an extension of Barrow’s melhdil, for it is not certain 
which. He gave the first instance of it in the Lcipsic 
Acts for the year 1684. He also improved infinite scries, 
and gave a simple one for the quadrature of the circle, in 
the same acts for 16*82. But this scries bad before been 
found by Mr. James Gregory, viz, in l671. 

In 1682 Ismael Bulliald published, in foHo, his Opus 
Novum ad ArithmcUcam Infinitorum, being a large am¬ 
plification of Wallis’s Arithmetic of lnfinile.s. 

In 1683 Tschiriiauscn gave a memoir, in the Leipsic 
Acts, concerning the extraction of the roots of all equa¬ 
tions in a general way: in which he promised too much, 
as the method did not succeed. 

In 1684 came out, in English and Latin, 4to, T|iomas 
Baker's Geometrical Key, or Gate of Equations Unlock’d; 
being an improvement of Descartes’s construction of all 
aquations under the jth degree, by means of a circle and 
only one and the same parabola for all equations, using 
any diameter instead of the axis of the parabola. 

In l685 was published, in folio, WulHs’s TrcaCsc of 
Algebra, both Historical and Practical, with the addition 
of several other pieces; exhibiting the origin, progress, 
and advancement of that science; from time to time. 1( 
cannot be denied that, in this work, Wallis has shown too 
much partiality to the Algebra of Harriot. Yet, on the 
other hand, it is as true, that M. dc Gua, in hi^ account 
of It, ii: the Memuira of the Academy of Science;^ for 1741, 


has run at least as far into the like extreme on the con - 
trary side, with respect to the discoveries of Vii ta; and 
both these I believe from the same cause, namely, the 
want of examining the works of all former writers on 
algebra, and specifying their several discoveries; as has 
bt^n done in the course of this article. 

In i 687 Dr. Halley gave, in the Philos. T rans. the con¬ 
struction of cubic and biqua’dratic equations, by a para¬ 
bola and circle; with improvements on what had been 
done by Descartfs, Baker, Acc. Also, in the same Trans¬ 
actions, a memoir 011 the number of the roots of equations,^ 
with their limits and signs. . 

In 1690 was published, in 4to, by M. Rollc, IrAlTr 
d’Algebrf;tn I699, Unc Methodc pour la Resolution dcs 
Problemes indclermines; and fn 1704, Menioircs sur liii- 
verse dcs tangents; and other pieces. 

In 1690 Joseph Raphson published Analysis Aiqua- 
tionum Universalis; being a general metboiof approxi- 
matinr* to the roots of equations in jiumbcrs. And in 
1715 he published the History of Fluxions, both in En- 

glish an<l Lftline l i ♦ 

In 1690 was also published> in 4 vols 4lo> Dechalei 

Ciirsussou mundus mnlhematicos; in which is a piece of 

algebni, of a very old-fashioned sort, considering the lime 

when it was written. . *r. 

About 1692, and at different times afterwards, De 
Lngny published many pieces on the resolution of cqua- 
liotis in numbers, with many theorems and ruUs ior that 
purpose. 

In 1693 was published, in a neat little volume. Synopsis 
Algcbraica, opus posthumuin Johanttis Alexandri. 

In 1694 Dr. Halley gave, in the Philos. Trans, an in¬ 
genious tract on the numeral extraction of all roots, with* 
out any previous reduction. And this tract is also added 
to some editions of Newton’s Universal Arithmetic. 

In 1695 Mr.John Ward, of Chester, published, m8vo, 

A Compendium of Algebra, containing plain, easy,- and 
concise ruK-s, with examples in an easy and- clear*Way. 
And in 1706 he published the first edition of his Young 
Mathematician's Guide, or a plain and easy introduction 
to the mathematics: a book which is still in great request, 
espi'cially with beginners, and which has been ever since 
the ordinary introduction of tlic greatest part of the ma¬ 
thematicians of this country* 

111 1696 the Marquis de I’HfipItal published his Analyse 
des inimiment petits; nnd gave several papers to the 
Lripsic ActSAHtl the Memoirs of the Academy of Sciences# 
He left behind him also an ingenious treatise, which was 
published in 1707, entitled Truile analytique des Sections 
Coniqius, ct dc la construction dbs lieux gounictrique& 

In 1697, and several other years, M. Ab, Demoivre 
gave variotM papers in the Philos. Trans, containing im¬ 
provements in algebra; viz, in 1697, a method of raising 
an infinite multinomial to any power, or extracting any 
root of the same. In 1698, The extraction of iho wot of 
an infinite equation. In 1707» AnalyUoiI solution of 
certain equations of the 3d, 5th, 7th, &c, degree. In 
1722, Of algebraic fractions and recurring scries. In 
1738, The reduction of radicals into /nore simple forids. 
Also in 1730, he published Miscellanea analylica <le af* . 
riebus ct quadraturis, containing great iinprovemeuts in* 

series, &c. . ■ 

In 1698 Mr. Richard SauU published, in 4 to, A^ew 
Treatise of AlgcbT.t, upply’d to numeral qdcslion>*aw * 
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wcoraelry. Witli a conrerging series for all manner of 
Adfected Equations. The senes here alluded to, is Mr. 
Kuphson’s method of appro.xitnation, which had been lately 
published. 

In 1699 Hyac. Christopher published at Naples, in 4to, 

De constructioni-xquationum. 

In 170‘2 was published Oianam's .Algebra; which is 
chiefly remarkable for the Diophantinc analysis. He 
had published bis mathematical dictionary in 16'9I> 
in 1(>93 his course of mathematics, in 5 vols. 8vo, con* 
taiiiing also a piece on algebra. 

In 1704, Dr. John Harris published his Lexicon Tech- 
nicum, the first dictionary of arts and sciences; a very 
plain and useful book, especially in the mathematical 
articles. And in 1705, a neat little piece on algebra and 
fluxions. 

In 1705 M. Guisnee published, in 4to, his Application 
dc I’algebre a la geometric: a useful book. 

In 1706 Mr. William Jones published his Synopsis 
Palmariorum iMathescos, or a new introduction to the 
mathematics: a very useful compendium in the mathe- 
tnalical sciences. And iit 1711 he published, m 4to, a 
collection of sir Isaac Newton's papers, entitled Analysis 
per quaiititatum series, fluxiones, ac ditferentias: cum 
cnumeratione linearum t<Ttii uj-dinis. 

In 1707 was published, by Mr. Whiston, the first edi¬ 
tion of sir Isaac Npwion’s Arithmetica Universalis: sive 
de compobitione el rr-aolutione arithmctica'liber: and 
Diany-cdiiions have been published since. This work, it 
seems, was the text-book used by our great author in his 
lectures, while be was professor of mathematics in the 
university of Cambridge. And though it was never in¬ 
tended lor publication, it contains many and givat im- 
provemeiiU in analytics; particularly >n the nature and 
transmutation of equations; the limits of the roots of 
equations; the iiumberof impossible roots; the invention 
of divisors, both turd and rational; the - resolution of 
problems, arithmetical and geometrical; the linear con¬ 
struction of equations; .approximating to the roots nf all 
equations, &c. To the later editions of the book is com¬ 
monly subjoined Dr. Halley's method of finding the roots 
of equations. As the principal parts of this work arc not 
adapted to the circumstance of iK'ginncrs, there have been 
published cumtneniaries upon it by several persons, as 
s'Gravraande, Castillion, Wilder, &c. 

In 17O8 M.Reyneau published* his Analyse Demonlree, 
in 2 vols, 4to. And in 1714, La Scieenc du Calcul, dec. 

In 1709 was published an English translation of Alex¬ 
ander’s Algebra. With an ingenious appendix by Hum¬ 
phry Dilton. 

In 1715 Dr. Brooke Taylor published his Methodus 
Inerementorum : .an ingenious and learned work. And 
in the Philos. Trails, for l7l8tAn improvement of the 
method df approximating to the roots of equations in 
numbers. 

In 1717 M. Nicole gave, in the memoirs of the aca¬ 
demy of sciences, a tract on the calculation of finite dif¬ 
ferences. And*in several following years, he gave various 
other tracts on the same subject, and on the resolution 
of equations nf the 3d degree, and particularly on the ir¬ 
reducible case in cubic equations: those tracts arc ground¬ 
ed on a production of M. Leibnitz In tlicycar 1677. 

Also in 1717 was published a Treatise on Algebra by 
Philip Ronayne. 

Alio io 1717 Mr. James Sterling published Lines 


tertii Ordini*;; nu ingenious work, containing good im¬ 
provements in analytics. And in 1730, .Methodus DilVr- 
rentialis : sive tractutus «le suininatione ot inlerpolationc 
scrieriim infinitariim ; with great improvcnienls on inii- 
iiite scries. 

in 1726 and 1729 Maclaurin save, in the Philos. 'I ran?, 
tracts on the imaginary roots of equations. And after¬ 
wards was published, from his posthumous papers, his 
Treatise on Algebra, with its application to curve lines. 

In 1727 came out s’Gravesande’s Algebra,-with a speci¬ 
men of a commentary on Newton’s universal arithmetic. 

In 1728 Mr. Campbell gave, in the Philos. 'I'rans. an 
insenious paper on the number of impossible roots of 
equations. 

Ill 1732 was published Wolfius’s Algebra, in his course 
of mathematics, in 5 vols, 4to. 

In 1735 Mr. John Kirby published his arithmetic and 
algebra. And in 1748 his doctrine of ultimators. 

In 1740 were published Mr.Thomas Simpson’s Essays; 
in 1743 his Dissertations, and in 1757 his'l'racls; in all 
which arc contained several improvements in series and 
other parts of algebra. As also in his Algebra, first print¬ 
ed in 1745, and in his Select Exercises, in 1752. 

Also 111 1740 was published professor Sauiiderson’s Ele¬ 
ments of Algebra, in 2 voL, 4to; being a very useful 
work for begin hern. 

In 1741 M. clcIaCaillc published lx*9on$ de roalbc- 
matiqiics; ou clemens d'idjjebrc el de giiunetric. 

Also in 1741, in the Memoinj of the academy of sci¬ 
ences, were given two articles by M. deGua, on ihe num¬ 
ber of positive, negative, and imaginary roots nf «*<|uations« 
With an hislorical account of the improvements in al¬ 
gebra; in which he severely censures Wallis lor his par¬ 
tiality : a circumstance in which lie himself is not less 
faulty. 

In 1746 M. Cieiraut published his Elcmcns d^algebrc, 
in which are contained several improvements, especially 
on the irreducible case in cubic equations; chiefly after 
the manner of Leibnitz and Nicole. Ho has also several 
good papers on different parts of analytics, in the Memoirs 
of the academy of sciences. 

Iw 1747 M. Fontaine gave, in the Memoirs of the aca¬ 
demy of sciences, a paper on ibe resolution of equations. 
Besides some analytical papers in the memoirs of other 
years. 

In 1761 M.Castillion published, in 2 vols, 4to, Newton's 
universal arithmetic, with a largo commentary. 

Tn 1763 Mr. Emerson published bis Increments* In 
1764 his Algebra, S<c. 

In 1764 Mr* Landcn published his Residual Analysis* 
In 176*5 bis Mathematical Lucubrations* And in 17^0 
his^Iathematical Memoirs* All containing good improve¬ 
ments in infinite series, &c* 

In 1770 was published, in the German language, Ele¬ 
ments of Algebra by M* Euler, which have been since trans¬ 
lated into French and English* And in 1774 a French 
translation of the same* The memoirs of Berlin am) Pe¬ 
tersburg academics also abound with various improve¬ 
ments in series and other branches of analysis, by this ce¬ 
lebrated mathematician*, JjL 

in 1775 WHS published at Bologna, in 2 vols, 4to, Com- 
pendio d'Analisi di Girolamo Saladin* 

In 1797 was published, by Signor Cossali, in the Italian 
language, in 2 vols, 4to, a very elaborate history of the 
origin of the first introduction of algebra into Italy, and 
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of iJs progress anti more early iinproveroenls among liis 
countrymen. In this work, tfie author clearly shows, what 
however was well known long before, that the science was 
imponed into Italy from the Arabians; but he seems 
erroneously to ascribe the very invention of algebra to 
these latter people, from his ignorance of the discove¬ 
ries lately made of the writings on this science among the 
Hindus. 

LE OENDRF.. 

M. Lc Gcitdrc published in 17 P 8 ,at Paris, in 1 vol 4to, 
his i^ai sur la'1 heoric dcs Nomba*s, in which all the 
most interesting properties of numbers arc recorded, .and 
faithfiilly attributed to their respective authors, which is 
I believe the first book of any importance that was dedi¬ 
cated to this particular subject. The work is divided into 
four parts, each containing several theorems besides an 
Introduction at considerable length; and at ihe end of 
the book are added several tables relating to the particu¬ 
lar forms of divisors which belong c.\c!usivcly to certain 
algebraical fonnulu.*, the use and application of which arc 
explained in (he body of the work. 

'I'hc Introduction treats of the particular forms under 
which prime nuntbers arc contained, and the number of 
the latter is proved to be infinite. It is also demonstrated 
that no algebraical formula can express prime numbers 
only. Lastly, the number of prime numbers contained 
between unity and any given number o, is shown to be 

very nearly expressed by i = 51^^’ 

Paitl Contains an QXplanation of Continued Fractions, 
and their application to various cases in the indetermi¬ 
nate analysis; among others, a general solution is given in 
int^cr numbers to every possible indeterminate equation 
of the second degree, and a method of judging of the pos¬ 
sibility, Of impossibility of such equations; this solution, 
however, is due to La Grange. 

The second part, commences with the demonstration of 
several general properties of numbers, most of which arc 
mentioned under that article io this Dictionary. The rest 
of this part is employed in discovering the forms of divi¬ 
sors which belong exclusively to certain algebraical for- 
iDulce, and the application of them for finding prime num¬ 
bers, with an explanation of the law of reciprocity be¬ 
tween the latter. 

Part 3. Here numbers arc considered as decomposed 
into three squares, and many properties relating to them 
are demonstrated. Every number is shown to be thesum 
of one, two, or three triangular numbers, which is thefint 
demonstration that was given to this part of the celebrated 
theorem of Fermat. 

The fourth part contains the demonstration of some 
other properties, in which the possibility and imposflbi- 
lity of various formula: arc demonstrated with regard to 
their being particular powers, thus ir’i y* s= is impos- 
sible, as also = a*, and generally x® = t» is 

impossible, when n is greater than 2, but this last has 
never vet been demonstrated. 

In the course of this work some new symbols are occa¬ 
sionally introduced, which however our limits vviU not 
permit us to explun. 

Several other works have been published by the same 
author, but os they do not properly fall undo this ar¬ 
ticle, they are omitted. 

GAUSS. 


lished a similar work in Latin, afterwards tranAlaled into 
French in 1 vol, 4to, under thetillc of llecherches Arith- 
mcliquc. The subject of which is much the same as the 
former, these two able malluinaticians having undertaken 
the s.'unc task at nearly the same time, without knowing 
each other’s intentions; but here the subject is carried to 
a greater length than in the former. M. Gauss has by 
an extension of his analysis been able to express the side 
of a polygon of 17 sides inscribed in a circle by means of 
a quadratic equation, which was before thought to be 
impossible ; and the same method may be applied to other 
polygons when the number of their sides is a prime num¬ 
ber of a particular form. There arc likewise some bints 
given for forming a table of logarithms, or numbers which 
may be employed in algebra to great advantage, as com¬ 
mon logarithnu are in arithmetical computations. In tbis- 
work many nmv symbols arc inlroduicd, such as ~ for 
congruity, that is a = i (to modulus c), when a ± i is 
divisible bye, and many others, which cannot be properly 
understood without an attcniivo perusal of the work 
itself. 

We are informed by M. Gauss that he had another 
work in band, which will carry this interesting subject 
much farther. 

ARBOOAST. 

M. Arbogast, profcssor*of mathematics at Strasburgh, 
published in ISOO, in 1 vuI,4to, a work entitled Du Cal- 
culdcs Derivations, which is appropriated entirely to the 
doctrine ofMrics; where theirtranstormation, summation, 
intcqmlarion, and reversion, as also various other particu¬ 
lars relating to this intricate branch of analysis, are treated 
of in A manner, as new and ingenious, as it is profound 
and learned. By the method hero introduced many dif¬ 
ficulties are surmounted relating to the higher biyncbes 
of astronomy, which the Calcul Dificrential was inifde- 
quatc to encounter with success. It seems, however,lhat 
some hints uf this method was first given by Dr. Waring 
in his Medilationes Analytica*, and whirh, perhaps, fur¬ 
nished Arbogast with the gcrin of his idea. In this 
work many new characters are introduced, pot to re¬ 
present quantities, but the oprtntions performed upon 
them. Thus, let r («i -i- x) be any function of the bino¬ 
mial a X, we can expand this function in o series pro¬ 
ceeding (itcording to the powers of x, in this form, 

F (o -I- 1 ) = o - 1 - 6x + .-4rx* •+• —— x’&c. Now, we 

know that a = ro, that h is derived from a, or from foj 
c from d from c dee, by the same law; therefore, if we 
conceive the manner in which we derive b from o, in the 
same manner we may derive c from b, d from c, ice. 
Thus representing by d, the operation that must be per¬ 
formed on Fa in order to obtain b, wo shall have i = d r«, 
c = x>*Fa, d = D^FO &c;,so that, the above series may 

DFa ii*p« « 

be expressed thus, r (o x) ss Fa 4- -j—x "7^*^ 


D*Pa 

t.a.a 


X® &c. 


In the course of this work some new symbols are occa- however impossible to give any tbipg like an ad^ 

loally introduced, which however our limits vvill not quate idea of the method, or notation, employed in this 
rmit us to explun. profound work, in the narrow Ujuits to which we arc un- 

Several other works have been published by the same dcr tlic necessity of confining our observations, which have 
ithor, but os they do not properly fall under this ar- already excc'eded the bounds we bad at first prescribed 
de, they are omitted. to this article. • 

GAUSS. Besides the foregoing, there have been many other 

Soon after the above Essays appeared, hi. Gauss pub- authors who have given treatises on algebra, or who have 
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made improvcmenls on scries and other parts of algebra ; 
as Schoncrus, Coignet, Saligiiat, Laioubere, Hcmischius, 
Degraave, Meseber, Henischius, Kobcrval, the Bernoiil- 
lis, Malbranche, Agnesi, Wells, Dodson, Manfrcdi, Beg- 
nault, Bezout, Bossut, Rowniug, Masercs, Waving, Lorg- 
na, dc la Grange, de la Place, Bertrand, Kuhnius, Hales, 
and many other autbors. Dr. Waring and the Rev. Mr. 
Vince, of Cambridge, have both given many improve¬ 
ments and discoveries in series, and in other branches of 
analysis. Those of Mr. Viijce are chiefly contained in 
the latter volumes of the Philos. Trans.; where also are 
several of Dr. Wariog’s; but the bulk of this gentleman’s 
improvements are contained in his separate publications, 
particularly tbc Meditationes Algcbraics publisiicd in 
i770; iheProprietates Algebraicarum Curvarum, in 1772; 
and the Meditationes Analylicac, in 177(). 

For a more enlarged history of algebra, see my Tracts, 
vol. 2, lract33. 

Algebraical, something relating to algebra. Thus 
we say algebraical solutions, curves, characters or sym¬ 
bols, &c. 

Algebraical Curve, is a curve in which the general 
relation between the abscisses and ordinates can be e.x- 
pressed by a common algebraical equation. These are 
abo called geometrical lines or curves, in contradistinction 
to mechaniciil or transcendental ones. 

ALGEBUAiST, a pcison skilled in algebra. ^ 

ALGENKB, or Algbnib, a lixed star of Ihc second 
magnitude, on the right side of Perseus. 

ALGOL, os,Medusa's Head, a fl.xcd star of tlie third 
magnitude, in the constellation Perseus. 

ALGORAB, a fixed star of the third magnitude, in the 
right wing of liiu constellation Coi vus. 

ALGOlUTl'iM.is similar to logistics, signifying the art 
of computing in any particular way, or about some par¬ 
ticular subject; or the common rules of computing in 
any art. As the algorithm of numbers, of algebra, of inte¬ 
gers, of fractions, of surds, .&c; meaning (he common 
rules for performing tbe operations of arithmetic, or al¬ 
gebra, or fractions, ^c. 

>yl,HAZEN, Allacbn, or Addilazum, was a 
learned Arabian, who lived in Spain about tbc year 1 lUO, 
according to his editor Risner, and Wcidler. He wrote 
UffoD astrology: and his work on optica was printed in 
Latin, at Basil, i|^572, under tbc title of Optiem Thesau¬ 
rus, by Risner. Albazen was. tbc first who showed the 
importance.of refractions iu astronomy, so little known to 
the ancients. He is also the first author who has treated 
oil the twilight, upon which he wrote a work, in wliicb'be 
likewise speaks of tbe height of the clouds. 

ALIDADE, an Arabic name fur the label, index, or 
ruler, which is moveable about tlic centre of an astrolabe, 
quadrant, Ac, and carrying the sights or telescope, and 
by which are shown the degrees Ait off the limb or arch 
of the instrument. 

ALIQUAN T parit is that part which will not exactly 
~ measure or divide the whole, without leasing some re- 
ipainder. Or tbe aliquant part is such, us being taken or 
repeated any number of times, docs not make up the 
whole exactly, but is cither greater nr less than it. Thun 
4 is an oliquant part of 10; for 4 twice taken makes 6, 
which is leas than 10; and three times-taken makes 19, 
which is greater ih’an 10. ' 

ALIQUOT/>arr, U such a part of a number as will 
exactly divide it without a remainder. Or the aliquot 


part is such, as Ix ing taken or repealed a certain number of 
times, exactly makes up, or is ocjual to the whole* So 

1 is an aliqu4>t pari of 0, or of any other whole number ; 

2 is also an aliquot part <if G, being contained ju'^t 9 times 
in 6 ; and 3 i!!< also an uhqutrt part of 6, being contained 
just 2 time's; so that all the aliquot parts of 6 are 1,2,3. 

All the aliquot parts of any number niny be thus found : 
Divide the given number by Ms lea$it divisor; then divide 
the quotient also by its least diMsor; and so on, always 
()ividing the last quotient by its lca.st disisor, till the quo* 
tient 1 is obtained; and all the diMsors, thus taken, arc 
the prime aliquot parts of the given number. Ihen muU 
tiply continually together these prime divisors, viz, every 
twu^f them, every three of ihcin, every four of them, &c ; 
and the products will be the other or compound aliquot 
parts of tlie given number* So, if the aliquot parts of 00 
be required ; first divide it by 2, and the quotient 30: 
then 30 divided by 2 also gives 15, and 15 divided by 3 
gives 5, and 5 divided by 5 gives 1 : so that all the prime 
divisors or aliquot parts arc 1,2, 2, 3,5. Then the com* 
pound ones, by multiplying every (wo, are 4, 6, 10, 15 ; 
and every three 10, 20, 30. So that all the aliquot parts 
of the given number 6o, arc 1, 2, 3, 4, 5, 6, 10, 12, 15> 
20, 30.~ln like manner it will bo found that ail (he all* 
quot parts of 360, are 1, 2, 3, 4, 5, 6, 3, $, 10, 12, 15, 
IS, 20, 24, 30, 36, 40, 45, 6'0, 72, ISO. 

• ALLKN (Thomas), a celebrated muthematician of the 

* l(ith century* He was born at Utloxetcr in bl afford shire, 
in 1542 ; was ;ulmitted a scholar of Trinity college, Ox* 
ford, in 1561 ; where lie \u> degree of inashT of arts 
in 1567* In 1570 lie quitted his college nn<l fellowship, 
and n tired to Gloci^ster IihII, where he studied very closely» 
and became celebrated fur his knowlc<ige in antiquity, 
philosophy, and mathematics. He received an invitation 
from Henry earl of Northumberland,*tho gn^at friend and 
patron of mathematicians, and he spent some time at Uie 
earls bouse ; where ho became acquainted with those able 
mathematicians Thomas Harriot, John Dec, Walter War* 
ner, and Nathaniel Torporley* Robert earl of Leicester, 
too, had a great esteem for Allen, and would have con- 
ferred a bishopric upon him; but his love forsolitudc an<l 
retirement made him decline the offer* llis great skill in 
the mathematics gave occasion to the ignorant and vulgar 
to look upon him as a magician or conjurer. Allen was 
very curious and indefatigable in collecting scattered ma* 
nuscripts relating to bistory, antiquity, astronomy, philo* 
sopby, and mathematics: which collections have been 
quoted by several learned authors, and mentioned as in the 
Bibliotheca Alleniana. He published in Latin tbc second 
and third books of Ptolemy, Concerning the judgement of 
the Stars, or, as it is usually called, of the quadripartite 
construction, with an exposition. He wrote also nolea 
on many of Lill/s books, and some on John Buie s \York, 
De scriptoribus Maj. Britannia?* He died at Glocesler 
hall in 1632, at 90 years of age. 

Mr« Burton, the author of his funeral oration, calls him 
the very soul and sun of all the mathematicians of bis age* 
And Selden mentions him as a person of tbe most exten* 
sive learning and consummate judgment, tbe brightest or* 
nament of the univorstly of Oxford* Camden also says 
he was skilled in most of (he best arts and sciences* 
A* Wood has aUo transcribed part of his character from 
a manuscript in (he library of Trinity college, in these 
words: “ He studied polite literature with great appli¬ 
cation i be was strictly tenacious of academic discipline; 
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always highly os l<K*nicd both by foreigners and those of the 
university, and by al) of the highest stations in the church 
of England, and the university of Oxford. He was a sa¬ 
gacious observer, an agreeable companion, 6 fc/* Sec 
Wood, vul. i, p.49'^* 

ALLIGATION, one of the rules in arithmetic, by vrbich 
are resolved questions which relate to the compounding 
or together of divers simples or ingredients, being 

so called from alligarc, In tic or connect together, probably 
from certain vincula, or crookesj ligatures, commonly used 
to connect or bind the numbers together. 

It is probable that this rule came to us from the Moorish 
or Arabic uritem, as we find it, with all the other rules 
of arithmetic, in Lucas dc Burgo, and other early authors 
ill Europe. 

AlliiiaUon is of two kinds, medial and aliemaie. 

Alligatiom ffiediul is the method of finding the rate or 
quality of the composition, from having given the rates and 
quantities of the simples or ingredients. 

'Ilieruleof operation is this: multiply each quantity 
by its rate, and add all the products together ; then divide 
the sum of the products by the sum of the quantities, or 
whole compound, and the quotient will be the ratesoughu 

ForexampU; Suppose it were required to mix together 
6 gallons of wine, at 5 j« a gallon; S gallons, at 6s, the 
gallon ; and 4 gallons, at 6s, the gallon; and to find the 
worth or value, per gallon, of the whole mixture. 

G«ll« 9. produce. 

Here C X 5 = 30 

8 x 6 s 48 
_4 X 8 = 32 

whole comp. 18 110 sum of prod. 

Then 18 ) 110 ( 6 -^ or 6 fs. is the rate sought 
108 

2 

Alligation altemaic is the method of finding the 
<iuantiiies of ingredients or simples, necessary to form a 
compound of a given rate. 

The rule of operation is this: 1st, Place the given rales 
of the simples in a column, under each other. 2d, Con* 
necl or link with a continued line, each rale which is less 
than the proposed compound rate, with one or any num* 
her of those that arc greater; and every greater rate with 
one or any number of the less. 3d, Write the difference 
between the given compound rate and that of each simple 
opposite the rates with which they are linked. 4ih, Then 
if only one difference stand opposite any rale, it will be 
the quantity belonging to that rate; but when there arc 
several, thor sum will be the quantity. 

For exampUf Suppose it were required to mix together 
gold of various degrees of fineness, viz, of 19 , of 21 , and 

of 23 carats fine, so that the mixture shall be of 20 carats 
fine. PIcre, 

Diffii. Sum of Difft. 

_ r^iy*--! f I of 21 carats fine. 

Comp, rate 20 ^ I 9 *. - i +3 \ 4 of 19 carats fine, 

(,23^ - - - 1 . 11 of 23 carats fine. 

That is, there must be an equal quantity of 21 and 23 
carats fine, and 4 limes as much of 19 carats fine. 

Various limitations, both of the compound and the 
ingredients, may be conceived; and in such eases, the 
oifTcrcnccs^rc to be altered proportionally. 

Questions of this sort arc however commonly best and 
easiest resolved by coroinon algebra, of which they form 


a species of indeterminate problems, as they admit of 

many, or an indefinite number of answers. 

'1 here is recorded a remarkable instance of a discovery 
made by Archimcdi-s, both by alligation and specific gra¬ 
vity al the same time, namely, concerning the crown of 
Ilicro, king of Syracuse. The king had ordered a crown 
to be made of pure gold ; but when brought to him, b 
suspicion arose that it was mixed with alloy of either 
silver or copper, ainl the king recommended it to Archi¬ 
medes to di&cover the cheat, without defacing the crown. 
Arcliimedes, After long thinking on the matter, without 
lighting on the means of doing it, being one day in the 
bath, and observing how his body raised the water higher, 
conceived the idea that diftiTrnl metals of the same weight 
would occupy different sp.accs, and so raise or expel dif¬ 
ferent quantities of water. Upon which he procured two 
other masses, each of the same weight witii the crown, 
the one of pure gol<l, and the other of alloy; then im¬ 
mersing tbem all three, separately, in water, and observing 
the space each occupied, by the quantity it raised the 
water, he thence computed the quantities ol gold and alloy 
contained in the crown. 

ALLIOTH, n star in the tail of the great bear. The 
word in .Arabic denotes a horse ; and they gave this name 
to each of the three stars, in the tail of the great bear, os 
they arc placeil like three horses, thus arranged for the 
pur|)uscof drawing the waggon commonly called Charles’s 
wain, represented by the four stars on the body of the 
same constellation. 

ALMACANTAll, or Almicantar, from the Arabic 
alinocantharal, arc circles jiarallel to the horizon, and 
conceived to pass through every degree of the meridian ; 
serving to show the height of tho suo, moon, or stars, 6 cc ; 
and arc the same as the parallels of Altitude. . A * 

Almacantar’s 5iq/f,was an instrument form^y used 
at sea for observing the sun’s amplitude at rising or set¬ 
ting, and thence to determine the variation of the com¬ 
pass, &c. 

ALMAGEST, the name of a celebrated book composed 
by Ptolemy; being a collection of a great number of tfie 
observations and problems of the ancients, relating to 
geometry and astronomy, but especially the latter. Being 
the.first work of this kind which has come down to us, 
and containing a catalogue of the fixed stars, with their 
places, besides numerous records .'ind.' observations of 
eclipses, the motions of the planets, &c, this work will 
ever be held dear and valuable to the cultivators of astro- 
nomy. 

In the original Greek it is called ewra^if peytm}, the 
great composition or collection. And to the word 
nugisie, the Arabians joined the particle al, and thence 
called it Almagketii, or, as we call it, from them, the Al¬ 
magest. 

Ptolemy was bom about the year of Christ 69 , and 
died in 147: he wrote this work, consisting of 13 books, 
at Alexandria in Egypt, where the Arabians found it on 
the capture of that kingdom. It was by them tramlatcd 
out of Greek, into Arabic, by order of the caliph Almq- 
roon, about the year 827 > and first into Latin about 1230> 
by favour of the emperor Frederic 11. The Greek text 
however was not known in Europe till about the begin; 
ning of the 15th century, when it was brought from Cim- 
stantinople, then taken by the Turks, by George, a monk 
of Trabezond, who translated it into Latin, which traus- 
lation has several times been published. . 
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Riccioli, an Italian jesuit, publbbed, in 1651, a 
body of Astronomy, which, in imitation of Ptolemy, ho 
called Almagestum Novum, the New Almagest; being a 
lai^e collection of ancient and modern obsenatioas and 
discoverii's, in the science of astronomy. 

ALMAMON, caliph of Bagdat, a. philosopher and 
astronomer, in the beginning of tbc 9th century, having 
ascended the throne in the year 814. He was son of 
Harun ALKashid, and grandson of Almansor. His name 
is otherwise written Mumon, Ahnaon, Almamun, Alamoxm, 
or Al-Maitfion. Having been educated with great tare, 
aud •possessing a love for the liberal sciences, he applied 
himself to cultivate and encourage them in bis own coun¬ 
try. Fur this purpose he requested the Greek emperors 
to supply him with such books on philosophy as they had 
among them; and he collected skilful interpreters to trans¬ 
late them into the Arabic language. He also encouraged 
his subjects to study them; frequenting the mcctitigs of 
the learned, assisting at their exercises and deliberations. 
He caused Ptolemy's Almagest to be translated in 827, 
by Isaac Ben-honuin, and Thabet Ben-korah, accrrrding to 
Ilerbelot, but according toothers by Sergius, and Alhazen, 
the son of Joseph. In his reign, and doubtless by his en¬ 
couragement, an astronorncr of Bagdat, named Habash, 
composed thrc^ 'scts of astronomical tables. 

Almamon himself made many astronomical observations, 
and determined the obliquity of the ecliptic to be then 
123^ 35' (or 23® 33' in some manuscripts), but Vossius 
says 23® 31' or 23^ 34'. He also caused skilful observers 
to procure proper instruments to be made, and toexcrebe 
themselves in asironomiCftl observations; which they did 
accordingly at Siieroasi in the province of Bagdat, and 
upon Mount Casius ia*ar Damas. 

Under the auspmes of Mamon also a degree of the me¬ 
ridian was measured on Uic plains of Sinjar or Sindgiar 
(or according to some Fingar), on the borders of the Red 
Sea; by which the degree was found to contain 
miles, of 4000 coudees eaCh, the coudee being a fool and 
a half: but it is not known w hat foot is here intent, whe- 
tlmr the Roman, tbc Alexandrian, or some other. Uiccioli 
makes this mt^urc of the degree amount to 81 ancient 
Roman miles, which value answers to62046 French toiscs; 
a quantity more than the true value of the di^rec by aU 
inont onc-lhjrd. 

Finally, Mamon revived the sciences in the tlast to such 
a degree, that many learned meu were found, not only 
in his own time, but after him, in a country where the 
study of the sciences had been long forgotten. This learn¬ 
ed king died near 'tarsus in Cilicia, by having eaten too 
freely of some dates, on his return from a military expe¬ 
dition, in the year 833. 

ALMA(jAC, a calendar or table, in which arc set 
down and marked the days and feasts of the year, the 
common ecclesiastical notes, the course and phases of the 
moon, Ate, for each mouth: and answers to the fasti of 
the tfticiciii Romans. 

The etymology of the word is much controverted 
among^grammariafls.-«*Somc derive it from the Arabic, 
via; from the particle of, and vtanah^ to count. While 
bcaliger, and others, derive from the same al^ and the 
Greek' the course of the months. But Golius 

controverts these opinions, and ascribes the word to an¬ 
other origin, though he siill inaki-s it of Araiiic extract, 
which it more evidently is. He says that, in the East, it is 
the custcmi for the people,the b^inning of the year, to 
Tol. L 


make presents to ihoir prince^; and ihat» an.<’Ma 
the astroh^gers |)r<*sent th<’m w ith their almaniic^., or 
mcrides, for the year eitsuing; whence ihoc came x>) t r 
called alinaiilia, that ne\v-yeai''s gift^. ‘But ilii> duj* 
vaiion seems rather strained and improbable; for, l^y 
same rule, the gifts or prnducli'jns of other arii'-i'., * i 
classes of men, might also be callid almanucs. Tln ie 
are other guesses at tlie etyiuulogy ; and Ver>iigaii wvh » 
the word ctmonrfCy and make> it oi German original. Oni 
ancestors, he observes, u^ed to carNe the courses, of tli« 
moon, for the whole year, upon a square [nece ot wood, 
which they calledoi-rrionogAr. which is as much to 
in old English or Saxon» all^moon^hecd. 

An instrument of this kind, it seems, <>f a vt t) ancient 
date, is to be seen in St. John’s college at Cambridge; 
and that in the midland counties there are still se\eral 
remains of lliem. An engraved figure of one of them, 
with a particular description, may be seen in Bradj’s 
Ciavis Calcndaria, vol. 1, 1812. 

Almanacs are of various kinds and composition, some 
books, others sheets, &c, some annual, others perpetual. 
The cssentiaLpart is the calendar of months, weiks, and 
days; the motions, changes, and phases of tbc moon ; 
with the rising and setting of the sun and moon. I'o lhe^e 
are commonly added various matters, aslronoiuical, astro¬ 
logical, chronological, meteorological, and even political 
rural, medical, &c; as also eclipses, solar ingresses, 05- 
ects^nd configurations of the heavenly bodies, lunations, 
clioccntric and geocentric motions ol the planets, prog¬ 
nostications of the weatiicr, predictions of other events, 
tbc tides, twilight, equation of lime, «S:c. 

Till about the 4lh century, almanacs bore the marks of 
heathenism only;^ff^>nt thence to the 7th Crmtury, they 
were a mixture of heathenism and Christianity ; and ever 
since they have been altogether Christian : hut at all limes 
astrological and other predictions liaNc been considered 
as an esscnlial part, and are so to this day with several ot 
them, notwithstanding that most people afiect to disbelieve 
•in such predictions. 

iVaunca/A lsi ANAC, ?i\\d Astronomical Ephemcrisy a 
kind of national almanac, chiefly for nautical pu^posl^, 
which was begun in the year 1767 under the direction ot 
the Board of Longitude, on the recommendation of tlie 
late worthy Astronomer Royal, Dr. Muskclyne, who had 
tbc immediate conducting of it. It is still publislied by 
auticipatton for several years before-hand, for the conveni¬ 
ence of ships going out upon long voyages, for which pur¬ 
pose it is highly useful, and was found eminently so in the 
course of the late voyages round the world for making 
discoveries. Besides most things essential to ge neral use, 
(hat arc to be found in other almanacs, it contains many 
new and important particulars; more especially, the di¬ 
stances of tbc moon from the sun and fixed stars, which 
arc computed for tbc meridian of the Royal Observatory 
of Greenwich, and set down to every thit'c hours of time, 
expressly designed for computing the longitude at sea, by 
comparing tbi^e with the like dibtanccs observed there. 

For on explanation of the Hindu almanacs, sec Philos. 
Trans. Abridg. vol. 17, p.250, 

ALPHONSINE TabUsy are astronomical tables com¬ 
piled by order of Alphonsus, king of Castile, in the com¬ 
piling of which, it is thought that prince himself assisted. 
See Astronomical Tables* 

ALPHONSUS tbc 10th, king of Leon and Castile, who 
has been luruamcd Tbc Wise, on account of his attachment 
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ti. literature, nnd is now more celebrated for having beCrr 
an ji^trononuv than a king. He was born in 1203 ; suc¬ 
ceeded his father Ferdinand theOd, in 1252 ; and died in 
128t, at the age of 81. 

The aflair^ of the reign of Alphonsus were very extra¬ 
ordinary, and unfortunate for him. But \vc shall here 
only consider him in that part of his character, on account 
of which he has a place in this work, namely, as an astro¬ 
nomer and mnn of letters. He understood astronomy, 
philosophy, and history ; and composed books upon the 
motions of the heavens, ami on tlic history of Spam, 
which are highly commended. “ Wbat can be more sur- 
prning,” says Mariana, “ than thala prince, educated in a 
camp, and handling arms from his childhood, should 
have such a knowledge of the stars, of philosophy, and the 
transiiclions of the world, as men of leisure can scarcely 
acquire in their retirements? There arc extant some 
books of Alphonsus on the motions of the stars, and the 
history of Spain, written with great skill and incredible 
care.” In his astronomical pursuits he discovered that 
the tables of Ptoiemv were full of errors; and thence he 
conceived, the first of any, the resohitioi* of correcting 
them. For this purpose, about the year 1240, and during 
the life of his f.itlier, he assembled .at Tolcilo the most 
skilful astronomers of his lime, Christians, Moors, or Jews, 
when a plan was formeil for constructing new tables. 
This task was accomplished about 1252, the first year of 
his reign; the tables being drawn up cliielly liy the skill 
and pains of Riihhi Isaac Hasan, a learned Jew, and the 
work called the Alphomine Tables, in honourof tlic prince, 
who was at. vast expenses concerning them. He fixed the 
epoch of the tables to the 30lh of May 1252, being the 
day of his accession to the throne. They were printed 
for the first time in 1483, at Venice, by Uadtolt, who 
excelled in printing at that time; which edition is ex¬ 
tremely rare: there arc others of 1492, 1521, 1545, &c. 
(Weidler, p.280.) 

yVe must not omit a memorable saying of Alphonsus, 


cycles with which Tt is embarrassed, if we supjpose Al¬ 
phonsus to liave said, “ That if God had asked his advice 
when he made the world, he would have given him better 
council,” the boldness and impiety of the Censure will be 
greatly <liminished, if nofentircly removed, as probably 
meant for a satirical «necr at the iniricrte^devjccs and 
contrivances of mortals. 

ALSTED (Jomv-Heijrv), a German protcstaiit di¬ 
vine, and one of the most indefatigable writers of the 17lh 
century. He was some time prok-ssor of philosophy nnd 
divinity at Herborn, in the county of Nassau: from 
tlience he went into 'rransyivania, to be professor at Alba 
Julia; whore he continued till bis death, which happened 
in l638, at 50 years of age. He applied himself chiefly 
to compose methods, and to reduce the several branches 
of arts and sciences into .systems. His Encyclopedia has 
been much esteemed, even by Roman catholics; it was 
printed at Lyons, and sold very well throughout all France. 
Vossius mentions the F.ncyclopa;dia in general, butspenka* 
of his treatise of Arithmetic more particularly, and allows 
the author to have becira man of great reading and uni¬ 
versal erudition. His Thesaurus Chronolofiicus is by some 
esteemed one of his best works, and has gone throt^h se¬ 
veral editions, though others speak of it with contempt. 
In his Triumphus Biblicus, Alsted endeavours to prove, 
that the materials and principles of nil the arts and 
sciences may be found in the Scriptures; but he gained 
very few to his opinion. John Himmelius wrote a piece 
against his Theologia Polcmica, which was one of Alsted's 
best performances. ‘It seems he was a millenarian, having 
published, in 1672, a treatise Do Mille Annis, in whfdk 
he asserts that tile faithful shall reign with Jesus Christ 
upon earth a thousand ycarsp' af terjjv hich will be tbeg^ 
ncral resurrection, and the lost jud^p^nt; and hoffretend- 
ed that this reign would commence in the year 1694. 

ALTERNATE angles, in Geometry, 
ore the internal angles, a nnd n, or a ond 
fr, made by a line cutting two parallels, 
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which iiM been recorded for its boldness and prelanded and lying on opposite sides of tho cutting 
impiety; namely, “ ihuFif be had been of God’s privy line. It is the property of these angles 

• • * ' * * ‘ ‘ to be alsvjiys to eugh oihcr> namely 

the angle a s tho unglu and the angle 


council when he made the world, he could have ailviscd 
him belter.” Mariana however says only in general, that 
Alphonsus WHS so bold as to blaihe the works of Provi¬ 
dence, and the construction of our bodies; and he says 
that this story concerning him rested only on a vulgar 
tradition. The Jesuit's wotxls arc curious: “ Emanuel, 
the uncle of Sanchez (the'son of Alphnnsus), In his own 
name, and in the name of other nobles, deprived Alphon¬ 
sus of his kingdom by a public sentence: which that 
prince merited,, for daring severely and boldly to censure 
the works of Divine Providence, and the construction of 



a = the angle b. And the exterior alternate angles ufe 
also equal. 

Altehnatf. Ratio or Proportion, is the ratio of tho 
one antecedent to the other, or of one consequent to the 
other, in any proportion, in which the quantities are of 


V % 

the same' kind. 


So if A : B :: c 


then niternalely, or by alternation, a : c : : b : D. 

ALTERNATION, or Permutation, of quantities or 

• _* . ..I - __alvA nAailiAn 


the works of Divine Providcnfce, and the construction of things, is. the varying «r changing the order Qf position of 
the human body, as tradition says be did. Heaven most them* 

.. ... ^ . r _ .. ti.i __J 


justly punibhed the fully of his tongue.” Though tho 
silence of such an historian as Mariana, iti regard to Pto¬ 
lemy's system, ought to he of some weight, yet wc cannot 
tliink it improbable, that if Alphonsus did pass so bold a 
censure on any part of the universe,' it was on the celestial 
sphere, and meant to glance upon the contrivers nnd sup¬ 
porters of iliat system. For, besides that he studied no¬ 
thing more, it is certain that at that time astronomers cx> 
plained tho muttons of the heavens by intricate and con¬ 
fused hypotheses, which did no honour to God, nor any.- 
wise answered tho idea of an able operator. So that, from 
considering the multitude of spheres compiling the system 
of Ptolemy, and those numerous eccentric cycles and epi- 


As suppose two things a and 5; these may bo placed 
cither thus, ab or bu, that is two ways, or 1 x 2. If there 
be three things, a, b, c‘. then tho 3d thing c, may be 
placed three different ways with respect to each of the 
two positions o6 utn) ba of. the other two thinp; it may 
stand either before them, or betweerf^hem, or aftestthem 
both, that is, it may stand cither 1st, 2d, or 3d; *and 
therefore, with three things there wiil be three rini6s as 
many changes as with two, ihaj is 1. x 2 x 3 or oxhanges 
witli three things. - Again, if there be four things o* b, c, 
d; then the fourth thing d may bu placed in four different 
ways with respect to each of the si.x positions of the other 
three; for it may be set either 1st or 2d or Sd or ^ In 
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the order of each position; consequently, from four things 
there will be four times as many alternations as there are 
from three things; and therefore Ix2x3x4 = 24is 
the number of changes with four things. And so on, al¬ 
ways multiplying the last found number of alternations 
by the next^number of things; or to find the number of 
changes for anjt nurober of things, as n, multiply the se¬ 
ries of natural numbers 1, 2, 3, 4, 5, Ac, to n, continually 
together, and the last product will be the number of alter¬ 
nations sought; as, 1 k2x3x 4x5----^ is the 
number of changes in n things. 

So if, for example, it were required to find how many 
changes may be rung on 12 bells; it would be 
Ix2x3x4x5x6x7x8x9* 10 x H* x 12 
=479001600, the number of change. Now supposing 
tbi'c might be rung 10 changes in one minute, that is 
10 »• 12 or 120 strokes in a minute, or 2 strokes in each 
second of time; tfien, according to this rale, it would 
take upivards of 91 y<*nrs, without ever ceasing day or 
nighi, to. ring over all these changes on the 12 bells only. 
Also, jf but two more bells were added, making 14 bells; 
then, at the same rate of ringing, it would require about 
16575 years to ring all. the changes on the 14 bells but 
once over. And if the number of hells were 24, it would 
require more than 117OOOOOOOOOOOOOOO years to ring all 
the difTcrent changes upon them! 

ALTIMETRY, Altimktria, the art of taking or 
measuring alUtudes or lieighu, whether accessible or in¬ 
accessible. Or AltimctriJps-tthat part of practical geo¬ 
metry which relates to thc^eory and practice of mca- 
a|)ring both heights and depths, either in perpendicular or 
oblique lines. 

ALTING (James), was born at Heidelberg in 16I8. 
He travelled into England in 1640, where he was ordained 
by the learned Dr. Hrideaux, bishop of Worcester. He 
afterwards succeeded Gomarus in the professorship of 
Groninghen. He died in 1697; and recommended the 
edition of his works to Menso Alting (author of Notitia 
German. Infer. Antiqua); but they were published in 
5 vols fuUo, with bis life, by Dekker of Amsterdam. I'hcy 
contain various analytical, exegetical, practical, proble¬ 
matical, and philosophical tracts,, which show his great 
industry and knowledge. 

ALTITUDE, in Geometry, is tl;e height of an object, 
gr its elevation above that plane to which its base is re¬ 
ferred; so that the altitude of Ihdsame object is dificrent 
in different places; thus', two persons taking the height of 
a mountain, being on contrary sides of it, will each con¬ 
sider its base as on a level with the place where he stands, 
and therefore in mhhy cases they will give different 
rcsqlu. 

Actitudc qf a figure^ is the distance of its vertex 
from the base, or the length of a perpendicular let fall 
from its vcrtex.to the base. The altitudes of figures are 
necessary to be known in computing their areas or soli¬ 
dities. 

Altitude, or Height of any point of a terrestrial ob¬ 
ject, is the perpendicular let fall from that point to the 
pla^ of the huriaeo. 

To j^wre the Altitude qf bodies or objects. If this 
cannot DT done by stretching a line from top to bottom, 
wbico u the direct and most accurate way, then some in- 
dir^t v/^y IB used, by measuring aome other lino or di* 
stance wbich ntay serve as a basis, in cgnjunctiou with 


angles, or proportional lines, citJicr to compute* or geo¬ 
metrically determine, the attitude of the object sought. 

There arc various ways of mc«\suring altituJc.s, oi 
depths, by means of difl'erent instruments, and by shudi^N.'. 
or reflected images, on optical principles. There ai': 
also various ways of computing tlic altitude in number>. 
from the measurements taken as above, cither by gconu • 
trical construction, or trigonometrical calculation, or b\ 
simple numerical compulation from the property of pa* 
rallcl lines, iScc* 

The instruments mostly used iu measuring altitudt's, 
are the quadrant, theodolite, geometrical square, lino of 
shadows, hca the descriptions of each of winch niay bo 
seen under their respective names. 

To measure an altitude ^eometrica/ly, xvhen "ue can ftavr 
access to tite base of the object. Suppose tlio bl ight <»1 the 
accessible tqwer au be required. First, by means of iu f 
rods, or stores, of diJTcreni leni^tks. Plain the lungur stall 
perpendicularly at c; ibeii move the shelter buckuaids, 
till by trials you hiui such a place, i), that the eye phued 
at the top of it at e, may sec the top of the other, i, and 
that of the object b in a straight line : next measun* the 
distances da or EC and nc m eh, also up the difierence 
between the heights of the r<'ds: then, by similar trian¬ 
gles, as EH : EG : : hf: the 4th prop(»rtional on ; to 
which add ao or de, and the sum will be the n>1io1c al¬ 
titude A Brought Or, as Eli : i a : : Fit*: b.v. 



Or, uiVA one rod cf only^ Plant it at such a place c, 
that the eye at the ground, or near i(, at i, may see the 
tops f and B, in a right line; then, having measured ic, 
lA, CF, the 4th proportion to these will be the altitude 
AB sought. 

Or taus, by means <if shadow* Plant a rod ab perpen¬ 
dicularly at a, and measure iU shadow ac, as also the 
shadow AC of the object ab, at the same instant; then 
the 4th proportional to ac, ab, ac will be the altitude 
AB soughu For the angles at b and c being equal, the 
triangles arc similar. 



Or ly means qf optical ruction. Place a vessel of 
water||Or a mirror or other reflecting surface, horisotual 
c; and go to suc& a distance, d, that the eye e may 
see the image of the top of the object in the mirror at c: 
then, by simitar figures, cd : de : : ca : ab the altitude 
sought. This depends on a'property in optics, namely, 
that the angle of incidence is equal to the angle of reflec¬ 
tion, that is, the angle bca is equal to the angle ecd; 
and tlie angles at a and d being right angles, the two tri¬ 
angles are similar: hence the above proportion. See 
Optics. 
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Then, from the angle c taking the angle d. leaves the angle 
CBD; hence 

As sine Z. cbo : sine Z. D : 

As rad. t sine Z. aCB '• '• CB 


CD ; cb; and 
AB, the altitude. 


& 


Or thus, bi/ the geometrical square. Which consists of 
a plain piece of board, a foot si,uare, one of he sides of 
v.liich, is or, is divided into a number of equal parts, and 
t.aving a plumb line suspended at the angiilar E. 

xvtlh two sights or a telescope placed on the side DE, 
and then the whole fixed to a ^land at D. At any place, 
as at c. fix the stand, and turn the square about the cen- 
ire of motion, d, till the rye there see the top ot^ oh- 
icet throuoh the sights or telescope on the side de of lie 
square, and note the number of divisions cut dff the other 
side bv the plumb line eo : then, by similar inanghs, as 
FV • Ft! • ■ Dll : HU j to which add ah or CD, lor the 
whoiriui 'ht AD. If the side OP be divided into 100 
etiual parts wc have only to. multi|dy the length ol mt 
i„ feet b> .he nuiiibiT of parts cut off by the plumb line, 
and to cm »ff two figures from the product for decimals; 
and wc shall have the height of nil in feet. 
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To meofure the altitude qf an accessible oj^ecl irigonome- 
tricallv. At any convenient station, c, with a quadrant, 
theodolite, or other graduated instrument, observe the 
ancle of elevation acb above the horizontal lino ac: 
and measure the distance ac. Then, a being, a right 
angle, it will be, as radius is to the lapgent of llic angle c, 

sols AC to A B sought. , .u 

If AC be not horizontal, but an inclined plane; then 
the angle above it must be observed at two stalionfc and 
D in a right line, and the distances ac, cd both mea¬ 
sured. Then, from the angle c take the angle D, and 
there remains the angle cbd; hence in the triangle bcd, 
are given the angles anti llic side DC,^lo find llic side 
CD; and then In the triangle abc, arc given the two sides 
CA and CD, with the included angle c, to find the third 
side ABa 


/ 


/ 

iiHs 

/ 

/ 

llll 
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And for a balloon, or 
cloud,'or other moveable 
object c, let two observers 
at A and B, in the same 
plane >vith C, take at the 
same time the angles A and 
B,and measure the distance 
A D between them; flien . • , * 

calculate the altitude CD exactly as in the last example. 

U must however be by mere accident that a, b, and c, 
arc in the same vertical plane; and consequently this 
method, though it be true in theory, is of no use in pra^ 
lice: we will therefore show how the altuudc may be ob¬ 
tained when the observers arc not in a plane with Ibe 

‘'^‘n’this case, there must be three observers, who take 
the angle of elevation at the.s^c instant, being at given 
distances from each other in the same right hne, as at a, 
B, and c, in the annexed figure; now admiUing ibosn 
three angles to be known, it is r^uired to find the aluiudr 

of the balloon. 

Demit the perpendicular d p 
to the horizontal plane acp, 
abd draw the other linM « in 
the figure. Make t', i\ re¬ 
present respectively the nat. 
cotan. of the angles observed 
at A, D, and c; also put 
AB =!o, BC = fr, and ac =c; 
and call dp = x. Then AP 

— tx BP = r'x, and cP = « x: hence from the common 

^ fli’C 

principles of geometry wefind DP = 

ifC 

forlhealtitudcsought. IfitA = Z.B, then dp=\/ j > 

,; and if a = i, th«n 

1** 



if ZlD as Z.C, then 


Or thus, measure only the distance ac, and the angles 
A and c : then, in the triangle abc, are given all the 
angles and the side AC, to find the side ab. 

To measure the alliinde o/ an inaccessible o^eety as a 
hill, cloud, or other body. This is commonly done, by 
observing the angle of its nltiiude nl two stations, and 
measuring the distance between them. Thus, for the 
height AB of a hill, measure the distance cd at the foot 


will DP S= ‘Z^ fti' 

To find the height of an object, by 
knowing the utmost distance at which 
its top can be just seen in the horizon. 

As, suppose the top ii of a tower p ii can 
be just seen from e when the distance E F 
is 25 miles, supposing the circumference 
of the earth to be 25000 miles, or the . 

radius 8979 miles br 21009120 feet. First, Qs 2S^ : 
25 : : 36‘0* : 21' 36" equal lo the angle o ; then as 
: scc.'Z.G : : EG : ou, which will be foundsrto be 
21009536 feet; from which take ro or op,' ann there 
remains 4l6 feel, for ph the height of the tower sought.— 
Or rather thus, as 10000000 radius : I 98 = sec. 

. . M a Jk m 



jicight AB 01 a lull, incasiirc urn uibiuiitc uv iii« luui itituvi 

of it, and observe the quantity of the two angles c and d. radius :: 21009120 = eg : 4l6 = ru, as before. 
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Or same may be found easier thus: The horizon 
dips nearly 8 inches or j of a fool at the distance of 1 
mile, and according to the square of the distance for 
iuher distances; therefore as J^or J : 25^ or 6*25 : : f : 
I of 625 or 4J6 feet, the same as before. 

.Or conversely, to find the distance ef, from the known 
height Fii : Here ^ : 1, or as 2 : 3 : : 416 : 625, the 
square root of which gives 25 miles, for the distance zr. 
'1 hat is, ill general, take the square root of 4 the alti* 
tude, in feet, for the distance in miles. 

There is a very easy method of taking great terrestrial 
altitudes, such as mountains, or the heights to which bal* 
louns ascend, &c, by means of the difierence between the 
heights of the mercury in the barometer observed at the 
bottom and top of the same. M'hich sec under the article 
Uarometee. 

Altitude qf the Eye, in Perspective, is a right line 
let fall from the eye, perpendicular to the geometrical 
plane. 

Altitude, in Astronomy, is the arch of a vertical circle, 
measuring the height of the sun, moon, star, or other ce* 
lestial object, abave the liorizon. 

This ultitud^niay Lc ciiber tnie or apparent. The ap¬ 
parent altitude, is that whicji appears by sensible observa¬ 
tions, made at any {iluce on the surface of the caitb. And 
the true altiiud<', is that whicli results by correcting the 
ajipurcnt, on accotmt of refraction and parallax. 

The quantity of (he refraction is di^erent at different 
altitudes; and the quantity of the parallax is different 
according to the distance of the difierent luminaries: in 
the fixed stars, this is too small to be observed; in the 
sun, it is but about seconds; but in the moon it is 
about 52 minutes. 

• Altitudes arc observed by a quadrant, or sextant, or 
by the shadow of a gnomon or high pole, and by va¬ 
rious other ways, as may be seen in most, books of astro- 
nomv. 

AleriJim Altitudi^ is an arch of 
the meridian, intercepted between 
any point in it and the horizon. So, 
if no be the horizon, and uEzo the 
meridian; then the arch he, or the 
angle KC£, is the roeridiun altitude 
of an objecfpn the meridian at the 
jioint e. 

Altitude, or e/c&<inon, of the Poky is the angle ocp, 
or arch of of the meridian, intercepted between the ho¬ 
rizon and pole ?. 

This is equal to the latitude of the place; and it may 
be found by observing the meridian altitude of the polar 
star, when it is both above and below the pole, and taking 
half the sum, when corrected on account of refraction. 
Or the Bamc may be found by the declination and meri¬ 
dian altitude of the sun. 

Altitude^ or eUvation, of the equnior, is the angle 
iiCE, or arch he of the meridian, between the horizon 
and the equator at £'; and it is equal to zp (he co-latiiudo 
of the place. 

Altit UDE of the Tropia, the same as what is otherwise 
called^he solstitial altitude of the sun, or his meridian al¬ 
titude when in the solstitial points. 

Altitude, or height, iff the horizon, or of stars, &c, 
Men in it, is the quantity by which it is raised by re¬ 
fraction# 

Effraction of Altitude, is an arch of a vertical circle, 




by which the true altitude of tlic^ moon, or a star, or 
ulbcr object, is incna^cd by nuansof the refraction; and 
is diflerent at difiercnt alciiudtrs, being nothing in llie 
zenith, and greatest at the horizon, where it is about 
33'. 

ParaUai qf Altitude, is 
an arch of a vertical circle, 
by which the true ultiiu<lc, 
observed at the centre of the 
earth, exceeds that which is 
observed on the surface; or 
(he dift'erence bet ween the an¬ 
gles JLM and ijiK of altitddc there; and is equal to 
the angle xj)L, formed at the moon or other bodv, and 
subtetidcd by the radius IL of the earth. 

It is evident that iliis angle is less, as llu luminary is 
farther distant Irom the earth ; and also less, for any one 
luminary, as it is higher above the horizon ; being greatest 
there, and nothing in the zenith. 

Altitude of the Nonagcsimaly is the altitude of the 
90th degree of the ecliptic, counted upon it from where 
it cuts the horizon, or of the middle or highest point of it 
which is above the horizon, at any time; and is equal to 
the angle made by the ecliptic and horizon where they in¬ 
tersect at (hat time.* 

Altitude qf the coiu of the eartKs or moon*s shadow, 
the height of the shadow of the body, made by the sun, 
and measured from the'centre of the body. To find it, 
say, As the tangent ot the angle of the sun's apparent semi- 
diameter« is to radius, so is 1 to a 4ih pr<)|)<ir(ionaf, which 
will be the height of the shadow, in sent id i a me lets of llm 
body. 

So, the greatest height of the cartli's shadow, is 217*8 
semidiameters of the earth, when the sun is at his greatest 
distance, or his semidiamot<T subtends an angle of about 
15' 47'^; and the height of (he same is 2107 seroidiame- 
lers of the earth, when the sun is nearest the earth, or 
when his semidiameter is about I6' I9"—And propor¬ 
tionally between these limits, for the interinediate di¬ 
stances or semidiameters of the sun. 

The altitudes of the shadows of the earth and moon, are 
Dca'*Iy H$ 11 to 3, the proportion of tlieir diameters. 

Altitude of motion, is a term used by Dr. Wallis, for 
the measure of any motion, estimated in the line of direc¬ 
tion of the moving force. 

Altitude, in speaking of fluids, is more frequently ex¬ 
pressed by the term depth. The pressure of fiuids, in 
every direction, is in proportion to their altitude or depth# 
And on this principle is constructed ihesca-gagc, for find¬ 
ing the depth of the water o( the ocean. See Gage. 

Altitude qf'the mercury, in the barofueicr and <Acr- 
mometer, in marked by degrees, or equal divisions, placed 
by the side of the tube of those instruments. 

'Ihc altitude of the barometer, oc of the mercury in its 
tube, ai* London, is usually comprised between the limits 
of 28 and 31 inclu*s; and the mean height, observed for 
every in several years, is found nearly 29*87 inches. 

Altitude qf the pyramiiU in Egypt, was measured so 
long since as the time of Thales,'^niich he eflcctcd by 
means of ibcir shadow, and that of a polo set upright be¬ 
side them, making the altitudes of the pole and ]>yrumid 
proportional to the lengths of (heir shadows. Plutarch 
has given an account of the manner of this operation, 
which is one of the first geometrical observations wc have 
au exact account of# 
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AlTITW OE, circUs if, pnralk^vf, quadrant of. Sfc. See 

"’'Sa,™-"";!; i. »n .o vi.; 

obsc?vc a c. lr«iK.l ol.iccl, when il has the same or an 
equal almu-l''. «>' ihc nuridian, or bclore 

and niter n jxi'MS the meridian: nil instrument very use¬ 
ful in adju^iing clocks, &c, and for comparing equal and 

”'*'o1aLGAM, in Clioiiiistry and the Arts, a mixture or 
alloy of mercury with any of the other metals.—tor a 
d<-scri|)tion of the amalgam med by electricians, and the 

inclliod of prepaving It, ^ee LLECTluciaY. 

AMBIl^NT, cncompassiiii’ round about; as the bodies 
which arc place.) round any other body. uTo called am¬ 
bient bodies, and somelinies circum-ambicnt bodies; and 
the whole .na>s of the air or alinosphcro, because it cn- 
compasse^s all things on the face of the earth, .s called the 

ombiciU air- 

AMIUGENAL Hyperbola, 
a iiainc given by Newton, in liis 
EnunuTatio linearum teitii 
urdinis, to one of the triple 
hyperbolas tof of the second 
ortlor, having one of its intinilc 
le**'', as to, falling within tlic 

^ O. faiung wUhout 

"'ambit, (fa figure, in •Geometry, is the perimeter, or 
line, or sum of the lines, by which the figure is bouuded^ 
AMBLIGON, or Andugoxal, in Geometry, signmcs 
obtuse-angular, as a triangle which has one of its angles 
obtuse, or consisting of more than 90 degrees. . . . , 
amicable namfceri, denote pairs of numben.ol which 
each of them is mutually equal to the sum of all the ali¬ 
quot parts of the other. So the first or least pair of ami- 
cable numbers are <220 and 284; all the aliquot parts of 

which, with their sums, arc as follow, vir, 

of 220, they arc 1, 2, 4, 5, 10, 11, 20, 22, 44, 

110 , their sum being - ' 7 . " • 

of 284, they airl, 2, 4. 71. f42, and their sum is 22a 
The 2d pair of amicable numbers are 6232 and oaoS, 
which have the same properties. 

The 3d pair of amicable numbers arc 17296 and 18416, 
which have also ihe same property as above. 

And the 4th pair of amicable numbers arc 9363584 and 

9437056. ■ ■ • 

The 1st, 3d, and 4th pairs of amicable numbers were 
found out by F.Schooien,soci.9 of hit Excrcitaiiones Ma- 
thcinatica?, who I •believe first gave ih^amc of amicable 
to sUch numbers, though their propcrliB it seems had be¬ 
fore been treated of by Rudolpbus, Descartes, ond others. 

To find the first pair, Schooten puts 4x and *yz, or 
d‘x and for the two numbers, where a = 2; then 
making each of these equal to the sum of the aliquot parts 
of the other, gives two equations, from which arc found 
the values of x and *; and consequently, assuming a pro¬ 
per value for ih^wo amicable numbers themselves 4r 
and \rfi. 

In like manner f.ir Iho other pairs of such numbers; in 
. which he finds it necessary to assume l6i and l6jtt or 
«*x and a'yt for the 3d pair, and 128 x and 128jrt or tPx 
and (^ys. for the 4th pair. 


AMO 

or some power of the number 2 . such that if unity or 1 be 
subtracted from each of these three following quanimw, 

} • 

from three tiroes the assumed number, 
also from six limes the assunK'd number, 
an.l from 18 times the square of the assumed numter, 
the tliroe remainders may be all primes; tlicn the last 
prime number being multiplied by double the assumed 
number, the product will be one of the amicable num^n 
sou.’hi; and the sum of its aliquot parts will be the other. 
That is, if a be pul = the number 2. and n some integer 
number, such that 3a“ - 1 , and 60 ;“ - 1 . and 18a - 1 
be uU three prime numbers; then is (I 80 ~ 1 ) * 2 a 
one of the amicable number; and the sum of its aliquot 

narU is the olhor# ^ 

. Or this rule may be otherwise expressed thus. Suppose 

A and Bare the pain of amicable numbcRsoughi; then find 
such a power of 2, that is, a = 2‘, such that 3fl -- 1 — ^ 
6a — 1 = c, iSfi^ — 1 = numbers b, c and a may 

bo primes; then will the numbers sought be a =2*'^. d, 

and B = 2’'‘*’,'5c. - 

The demonstration of which rule is as follows. Let 

/a represent the sum of the divisors of A, and/n the sum 
of the divisors of b, the whole values of a and b not being 


comprised, then since 1 -»• 2' 2* 2’ 


2'‘tJ 


wc shall have /a = ( 2 "'*‘J I) . (1 ‘i) “ 


2"'*’-?l, 

2 "'^*.d = ( 4 a - 1)180* --20(180* - 1) = b, and 

c) - 2"’^’-i»c = (4‘i 

is cvi« 


/D = (2"'*'J 1) . (I + i) . (I 
- 1) . I 80 * - 2a(3o - 1) . (00 - 1) = A, 

dent; because (I 2 ‘ 2*. • 2 ) • (^^ + 1) 

be the sum of all the divisors of a ; and tn the same man- 

ncr (1 2* - 1 - 2* . . . 2 "*^ ') . (^ + 0 • ') '• 

ihc sum of all the divisors of n. 

Mr. John Gough has lately investigated some proper¬ 
ties of these numbers, especially of the Cartesian form, 
where ax and ayz arc amicabllltfanibers, consisting of a 
commqn measure a, mylliplied by the primes x,y, s. See 

Lcybourn’s Math. Repos, n*. 7* 

AMONTOKS (William), an ingenious French expe¬ 
rimental philosopher, was born in Norman^ the 31sl of 
August 1663. While at the grammar-scholft he by sick¬ 
ness contracted a deafness that almost excluded him 
from the conversation of mankind. In this situation he 
applied himself to the study of geometry and mechanKS; 
with which he wos so delighted, that it is said he refused to 
try any remedy for his disorder, cither because hc-lecmed 
it incurable, or because it incnaiscd his attention to his 
studies. Among other objects of his study, were the arts 
ofdrawing, of land-surveving, and of building; and shcwtly 
after he acquired seme knowledge of those more sublime 
laws by which the univ<4sc‘is regulated. Ho studied with 
great care the nature of barometers.and ihrrmonxeters; 
and wrote his treatise of Observations and Expenraenu 
concerning a new Hout-glass, and cohcerniiig BaroilWK 


tor 


Thermometers, and Hygroscopes; as also some pie<»s ill 
the Journal dcs Saviins. In 10*87, he pivs. iitcd n new-hy- 
groscope to the Academy of Sciences, which wa^ mucli 
approved. He rccommendc.l a method of conveying in¬ 
telligence to a great distance in a short space of time: this 
fl a'yz lor the 4tti pair. was by making signals from one person to aiiotber, placed 

Schooten then gives this practical rule, from Descartes, ^ as great distances from each other as they could sec the 
• finding amicable numbers, vi 2 , Assume the number 9, signals by means of telescope?. When the Royal Acadeoiy 
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vas new regulated in 1699* Amonlons-was chosen a tikto- 
ber of it, as an eluve under the tiitrd Astronomer; and he 
road there his New 'i'hoory of Friction, in which he hap¬ 
pily cleared np an iinportanl-pbject in mechanics. In 
fact he had a jtarticuiar grniud for making experiments: 
his notions were just and delicate: and he kDt'>v how to 
prevent the iuconvenieiices of his new inventions, and had 
a wonderful skill in executing ihein. He died of nn iu> 
flainmution in ids bowels, the 11th of October 1705, bein" 
only 42 years of age. 

'I'he eloge ol Amontons may be seen in the volume of 
the Memoirs of the Academy of Sciences for the year 
1705, Hist. pa. 150. And bis pieces contained in the 
diftcR'Ut volumes of that work, which are pretty numerous, 
and on various subjects, as the air, action of fire, barome¬ 
ters, tiiennoim tors, hygrometers, friction, machines, heat, 
cold, rarefactions, pump', &c, may be seen in the volumo 
for the y.ars I 696 , 10'99, 1702, 1703, 1704, and 1705. 

AMFHISCll, or AsirtiisciANS, are the people who 
inhabit the torrid zone; which are so called, bc-cause they 
have their shadow at noon turned sometimes one way and 
sometimes another, namely, at one time of the year to¬ 
wards the north, and at the other towards the south. 

AMPLITUDE^ in Gunnery, the range ofa projectile, or 
the right line upon tlie ground subtending the curvilinear-, 
path in which it moves. 

Amplitude, in Astronomy, is an arch of the horizon, 
intercepted between the true east or west point, and the. 
centre of the sun or a star at Its rising or setting: so that 
the amplitude is of two kinds; ortivc or eastern, and occi- 
duous or western. Each of these amplitudes is also cither 
northern or southern, according as the point of risiii" or 
setting is in the nortliem or southern part of the horizon : 
snd the complemeiifof the amplitude, or the arch of dis¬ 
tance of the point of rising or setting, from the north or 
south point of the horizon, is the azimuth. 

The amplitude is of use in navigation, to-find the varia¬ 
tion of the compass or nii^nelic needle. And the rule to 
find’h is this: As the cosine of the latitude is to radius, 
10 is the sine of the sun's or star's declination, to the 
sine or the amplitude. So in the latitudc'of London, via, 
51® 81', when the sun’s declination is 23® 28'; then 
cos, 51® 31'the lal. - — 97939907 

sin. 23 28 Uje dccl. - h- 9-6001181 

sin. 39 47 the ampl. - 9’806l274 

That is, the sun then rises or sets 39® 47' from the east or 
west point, to the north or south according as the decli¬ 
nation is north or south. 

lHaqnciical Amplitudf, is an arch of the horizon con- 
taim-d between the sun or star, at the rising or setting, and 
the rnagrietical cast or west point of the horizon, pointed 
out by the magnelical compass, or the amplitude, or azi¬ 
muth compass. And the difference between this ma«ne- 
lical amplitude, so observed, tmd the true amplitude, as 

computed in the last article, is the variation of the corn- 
puss. ' 

bo if, for instance, the magnetical amplitude be ob- 
sWed, by the compass, to be 6I® 47', at the time when 
It u computed to be - 39 47, 

iben the difference - - 22 0 is the variation west. 

ANABIBAZON, a same fometimes given to the dfa* 
golfs tail, or northern nude of the moon, 

ANACAMI^TICS, or the science of the reflections of 
sounds, frequently usedfin refcrcucc to echoes, which arc 


said to be sounds produced anacamptically, or by rtflec- 
tion. And in this sense if was used by the ancients for 
that part of optics which is otherwise called Catoptrics. 

ANACHRONISM, in CK-onology, an error in compu¬ 
tation of time, by which an event is placed earlier than it 
really happened. Such is that of Virgil, who makes Dido 
to reign at Carthage in tlo- time of .Sneas, thougl*, m 
reality, she did not arrixo in Africa till 300 years after 
the taking of Troy. 

An error on the other side, by wliich a fact is placed 
hilcr* or lower tlian it should be, is called a parachronism. 
But ill common use, this distinction, though projier, is not 
attended to; and the word anacliroiiisin is used indifte- 
rently for the niisliike on both sides. 

AN.ACLaSTICS, or -Anaclatics, an ancient name 
for that part of optics which considers reliacleil light; 
being the same as wliat is more usual ly called dfo[,- 
trics. bee the ('-.nipendiuiu of Ainbrosius lUiodiu?, lit. i. 
Optica;, pa. 381-. seq. 

Akaclastic Curves, a name given by M. do iMairin 
to Certain apparent curves formed at the bottom of a 
vessel lull of water, to an eye jilaced in the air; or ihi 
vault of the heavens, seen by relraclion througli ibe at¬ 
mosphere. M. de Mainin dderinmes tliese curves by a 
princi|>le not admitted by all autliors ; but Dr, Burrow, at 
the end of his Optics, determines the same curves by other 
principles. 

' ANALKMMA, a planispliere, or projection of (he 
sphere, orthogiaphicallyinadeon tin-plane oi tin- meridian, 
by perpendiculars from every point of that plane, tlie eye 
supposed to be at an infinite disianre, and in the east or 
west point of the horizon. In this projection, the solstitial 
colure, and all its parallels, are [trojecietl into concentric 
circles, equal to the real circle in the sphere; and all 
circles whose planes pass through the eje, ai tlie liorizon 
anti its parallels, arc projected into right lines equal to 
their diameters; but all oblique circles arc projected into 
ellipses, having the diameter of thv circle for the trans¬ 
verse axis. This.inslrument, having the furniture drawn 
on a plate of wood or brass, with an horizon fitted to it, 
is used for resolving many astronomical problems; as the 
time of the sun's rising and setting, the length and hour of 
the day, &c. ' It is also useful in dialling, for laying down 
the signs of the zodiac, with the lengths of days, ami other 
matters of furniture, upon dials. 

The oldest treatise we have on the analemmn, wasAmt- 
ten by Ptolemy, which was printed at Home 156*2, with a 
commentary by F. Commamlihc. Pappus also treated of 
the same. Since that lime, many other authors have 
treated very well of the analemma; as Aguilonius, Ta- 
quel, Dcchah'S, Witty, &:c. 

ANALOG\, tho same os proportion, or equality, or 
similitude of ratios. Which see. 

ANALYSIS, is, generally, the resolution of any thing 
into its component parts, in order to discover it or its com¬ 
position. And in mathematics it is properly tho mcthoil 
of resolving problems, by reducing them to equations. 
Analysis may be distinguished into the ancient and the 
modem. 

The ancient analysis, as described by Pappus, is the 
method of proceeding from the thingtfoughi as taken for 
granted, through its consequences, to something that is 
really granted or known; in which sense it Is the reverve 
of synthesis or composition, in which we lay iLut down 
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QM which was the lust sioi, of the aoalysis. and tracing 
the sups of ihr analysis back, making that 
ere winch was consc-qurnt there, till we arrt« at the 
thiiii? soufiht, which was Uiken or assumed as gran cd m 
It lirst st-,. o. the analysis. This chiefly respected geo- 

The prmcif’^' authors on the ancient 
c„ ‘i wl b, pLppus, in the 7.h book of h,s Mb-I-"-" 
Collections, are Enclid in his Data, Fonsmata ct dc 
Locl^ ud Snnerficiem; Apollonius de Seciione lUtionis, 
Seciione Spatii. de Tuct.onibus dc^nclinaUomlJus. d 
I ucis Vlanis, et di- Seclionibus Conicis, Aristajus, 
LocisSolidis; and traiosihenes. de 

bus: from whicli Fappus gives many examples in same 
book. To these authors we may add Pappus h insey. 
The same >ott of analysis has also 
by many of the moderns; as l ermat. \ iviani. 

Sncllins. Huygens, Siinson, Stewart, Uwson, Ilayfair, 
Ix-siie, vVe, and more especially Hugo d Omeriquc, in hi» 
An.'u^is Geoniclncu, m which he has endeavoured to 
restore the analysis of the ancients. And on this head. 

Dr Pemberton tells us, “that sir Isaac Newton used o 
censure himselffor not following the ancients more closHy 
than he did; and spoke with regret of his ^ 

be-inning of his mathematical studies, in applying himsclt 
to Uie works of Descartes, and other algebraical writen, 
bef..ro he had considered the Elements of Euclid with that 
attention so excellent a writer deserves; ahat he highly 
approved the laudable attempt of Hugo d Omeriquc to re¬ 
store the ancient analysis.” . . 

In the application of the ancient analysis in gMmctri- 
cal problems, every thing cannot be brought within strict 
rules; nor any invariable directions given, by which we 
nniv succeed in all cases; but some previous preparation 
is necessary, a kind of menial contrivance and construc¬ 
tion, to form a connexion between the data and qu®5it^ 
which must be left to every one’s judgment to hnU out; 
being various, acconling to the various nature of the pro- 
bleiiis proposed. Right lines must be drawn in particular 
directions, or of particular magnitude; bisecting perhaps 
a given angle, or perpendicular to a given line; or perhaps 
tangents, must be drawn to a given curve, from a givin 
point; or circles di-scribed from a given'centre, with a 
given radius, or touching given lines, or other circles; or 
such-like operations. Whoever is conversant with the 
works of Archimedes, Apollonius, or Pappus, well knows 
that they founded their analysis on some such previous ope¬ 
rations ; and the great skill of the analyst consists i*”* 
covering the most proper affections on which to found bis 
analysir: for the same problem may often be effected in 
many difft-reiit ways: of which it may be proper to give 
here an example or two. Let there be taken, for instance, 
this problem, which is the 155th prop, of the 7th book of 
Pappus. 

From the extremities of the base ab, of a given seg¬ 
ment of a circle, required to draw two lines aC, bc, meet¬ 
ing at a point c in the circumference, so that they shall 
have a given ratio to each Other,-suppose that of F to o. 

The solution of ibis problem, as given by Pappys, is 
thus. 

Analysis. 

Suppose the thing done, and that the point, c is fpund: 
and let CD be drawn a tangent to the circle at c, and meet¬ 
ing the line ab produced" in the point D. Now by the 


L .1 AT • nc • • F : Oi . da . 

hypoihesis AC . nt . . » • «> 

DB, as may be thus proved. ^ 




Since DC touches the circle, and cuts it, the angle 
BCD is equal to bac by Euc. ii. ; also the angle d is 

commontDbolhthctnanglesUCA.DCD, th^^a 

fore similar, and so. by m 4. da : DC : : 
hence DA* ; DC* : : DA : on by cor. vi 20. Rut also, by 
V 4" DA : AC : : DC : cB, and by permutation da : DC 
; : AC : DC, or da* ; dc' : : ac* ; bc-; and hence, by 

'‘*BulVralioofVc-”tVBC*is'givon; 
of AC to BC is lyvcn. and consequently that of da to UB 
°s given. Now^smec the rnlio of da to DB is given, there¬ 
for also, by Data vi. that of da to ab, and hence, by 

Dftta li DA is civen in magnitude* ~ • i • 

And here the analysis properly ends. For havu^ 

been shown that da is given, or that a ^ * 7 ^ 
found in AB produced, such, that a tanpn be ng drawn 
from it to the circumference, the point of contact w 
be the point sought; we may now begin 
or synthetical demonstration; which must be done by 
finding the point d. or laying down the line a D, wI tch, it 
was aflirmed, was given, in the last step of the analysts. 

Stntuesis. 

Construction. Make as r*: o*:; ad : ob. («hich may 
be done, since ad is given, by making it w r - o . c . . 
ab: DB, and then by composiuon it will be ta r . o » - 
AD : DB); then from the point D.-lhus found, draw a 
tangent to the circle, and from ibo point of contact <! 

drawingCA and cfl, the thing is done. ^ 

Dcmontiraiiost. Since, by the constr. v . o - • ad . 
DB, aiid also AD : DB : : ac‘; dc*, which has been al¬ 
ready demonstrated in the analysis, and rtight bo.hrrc 
proved in the same manner. Therefore r = ' 

BC*, and consequently f : c. ;; AC : bc. «• -t- . 

Here we si-e an instance of ihe method of resolution 

and composition, as it was practised by the- . 

si.lution here given being that of Pappus himself, liu as 
the method of referring and reducing every thing to 
Data, and constantly quoting lltc same, may appear n^w 
to bc tedious and troublesome; and indeed it is unne¬ 
cessary to those who have already made themselvM ma¬ 
sters of the substance of that valuable hook of Euclid, 
and have by practice and e.xpcriencc acquired a facility 
of reasoning in such mailers: 1 shall therefore now show 
how we may abate something of the ngour and strict 
form of the ancient method ofiolution, without diminish¬ 
ing any part of its admirable elegance and perspicuity. 
And this may be done by means of another solution, ot 
the many more which might bo given, of the same pro¬ 
blem, as follows. 

Analysis. 

Let us again suppose that the thing is done, viz, AC . 
BC :; F : o, and let there be drawn Bii making the angle 
AiiH equal to the angle acd, and meeting 4 C produced 
in It. 'rhen, the angle a being also common, the two 
triangles abc and* abii are equiangular, and therefore, 
by vi 4 , AC : BC : : AD : bii> tn^a given ratio; and, ab 
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being given, therefore bii i$ given in position and magni- 
tude. 

Syktiieijis. 

Cof}slnictiofK Dmw nn making the angle a bii equal 
to that which may he contained in the given segment, and 
take AB to BII in the given ratio of f to o. Draw ach, 
and cc. 

DcmonU/aU'on. The triangles ABC, Ann arc cquiangu* 
lar, therefore, vi 4, AC : Cfl : : ad^* Bit, which is the 
given ratio by construction. 

Analysis, consists chiefly of algebra, ariih* 
mctic of inflnites, infinite stries, increments, fluxions^^cc; 
of each of which a particular account may be seen under 
tbeir n^spcclivc articles. 

These form a kind of arithmetical and symbolical ana¬ 
lysis, depending on modes of arithmetical computa¬ 
tion, partly on rules peculiar to the symbols made use of, 
and [mrtly on rules drawn from the nature and species of 
the quantities they represent, or from the modes of their 
existence or generation* 

The modern analysis is a general instrument, by which 
the finest inventions, and the greatest improvements, have 
been made in mathematics and philosophy, for/two cen¬ 
turies past. It furnishes the most perfect examples of llie 
maunerjn which the art of reasoning should be employ¬ 
ed ; it gives to the; mind a wonderful skill for discovering 
things unknown, by means of a small number tlmt are 
given ; and by employing short and easy symbols for cx- 
pn^ssing ideas, it prc*seiii$ to the understanding tilings 
which otherwise would seem to lie above its sphere* Uy 
this means, geometrical* demonstrations may be greatly 
abridged; along train of arguments, in which the mind 
cannot, withoul the greatest cft'orl of« attention, discover 
the connexion uf ideas, is converted into visible symbols; 
atid the various opc^rations vvliich they require, are simply 
effected by the combination of those symbols. And, 
what is still more extraordinary, by this artiflee, a greet 
number of I ruths are often expressed iti one line only fin- 
stead of which, by following the ordinary way of expla¬ 
nation and demonstration, the same truths would occupy 
whole pages or volumes* ^nd thus, by the bare contem¬ 
plation of one line of call^ation, we may understand in a 
short lime whole sciences, which otherwise could hardly 
'be comprebcndcxl in several years. 

It is true that Newton, who best knew all the advan- 
|ag<*s of analysis in geometry and other sciences, laments, 
in several parb of hit works, that the study of the an¬ 
cient geometry is abandoned or neglected. And indeed 
the method employed by the ancients in their geo metrical 
writings, jb C9mmonly regarded as more rigorous than 
that of the modern analysis: and though it he greatly in- 
fi*rior to the latter, in point of dispatch and facility of in¬ 
vention; it is nevertheless highly useful in strengthening 
the mind, improving the reasoning faculties, and in ac¬ 
customing the young mathematician to a pure, clear, and 
accurate mode of investigation and demonstration, though 
by a long and laboured process, which he would with 
difficulty have submitted to if his taste had before been 
vitiated, os it were, by the more piquant sweets of the 
modern analysis. And it is principally on this that the 
complainu of Newton arc founded, who feared lest by the 
®nd frequent use of the modern analysis, the 
^eVnee of geometry should lose that rigour and purity 
which characterise its investigations, and the mind become 
debilitated by the facility of our analysis* This great mao 

VoL* I. 


was therefore well founded, in recommending, ton certain 
extent, the study of the ancient geometricians: for, th^ ir 
demonstrations being moic difficult, give more exercise to 
the mind, accustom it to a closer application, give it a 
greater scope, an<l habituate it to patience and resolution, 
so necessary for making discoveries. But this is the only 
or principal advantage from it; fur if we should look no 
farther than the method of the ancient>, it is probable 
that, even with the best genius, we should have made but 
few or small discoveries, in comparison with those ob¬ 
tained by means of the modern analysis. And even with 
regard to the advantage given to invcsiigaiions made in 
the manner of the ancients, namely of being more rigo¬ 
rous, it may perhaps be doubled whether this )»retensiun 
be well founded. For, to instance in those of Newton 
himself, tliongh his demonstrations be managed in the 
manner of ilic ancients; yet at the same lime it is evident 
that he investigates Lis theorems by a method diffeient 
from that cni|)Ioyed in the demonstrations, which aic 
commonly analytical calculations, disguised by substitu¬ 
ting the name of lines for their algebraical value: and 
though it be true that his demonstrations nre rigoroys, it 
is no less so that they would be the same when translated 
and lielivorcd in algebraic language; and whut difference 
can it make in this respect, w helhcr we call a line a b, or 
denote it by the nigolmaic character a } Indeed this last 
designation has this peculiarity, that wlien all the lines 
nre denoted by algebraic characters, many operations can 
be performed upon them, without thinking of the lines or 
the ligure. And this circumstance proves of no.small ad¬ 
vantage: the min<l is relieved, and spared as much as pos¬ 
sible, that its wliole force may be employed in overcoming 
tbe natural difficulty of the problem alone. 

Upon the whole therefore, the stale of tlio comparison 
seems to be this ; That the method of the ancients is flftest 
to begin our studies with, to form ihc mind and to esta¬ 
blish proper habits; and that of the moderns to succeed, 
by extending our views beyond the present limits, and 
enabling \is to make new discoveries and improvements. 

is divided, with respect toils object, into that 
of Unites, and that of infinites. 

Analysis qf Jiniu quant is what is otherwise called 
algebra, or specious arithmetic. 

Analysis qf in/mites, called also the new analysis^ is that 
which is concerned in calculating the relations of quan¬ 
tities which arc coDsidered as infinite, or infinitely small; 
one of its chief branches being the method of fluxions or 
the differential calculus. Ami the great advantage ofUie 
modern mathematicians over the ancients, arises chiefly 
from the use of this modern analysis. 

Analysis ofpoxvers, is the same as resolving them into 
their roots, and is otherwise called Kvoliition. " 

Analysis of curtc shows their constitution, na¬ 
ture and properties, their points of inflection, station, ru- 
trogradation, variation, &c. 

ANALYSI, a person who analyses something, or 
makes use of the analytical method. In mathematics it 
is a person skilled in algebra, or in the mutlicmaUcul analy¬ 
sis in general. 

Analyst, the title of an ingenious, though sophistical 
book, written by the celebrated Dr. Berkeley, against the 
doctrine of fluxions. 

ANALYTIC, or An a lytic.iLj something belong! mr to, 
or partaking of, the nature of anolysis^; or performed by 
tbe method of analysis* 

Q 
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Tliuswc say analytical demonstration, analytical en¬ 
quiry, analytical table or scheme, analytical method. &c. 
The analytical stands opposed to the synthetical, or that 
which proceeds by the way of synthesis. 

ANALY I ICS, the science, or doctrine, and use ol 

analysis. , • 

ANAMOUPIIOSIS, in perspective and painting, a 

monstrous projection ; or a representation of some image, 

either on a plane or curve surface, deformed or distort^; 

but whicli in a certain point of view shall appear regular, 

and drawn in just proportion. _ , 

To construct an Anamorphotis, or monstrous pr^ection, on 
aplane. —Draw the square abcd (fig. 1), of any size at 
pleasure, and divide it by crossing lines into a number of 
areolae or smaller squares : and then in this square, or re¬ 
ticle, called also the cralicular prototype, draw the re¬ 
gular ima^e which is to be distorted.—Or, about any 
image, proposed to be distorted, draw a reticle of small 
squares. 


which pass through these small holes, fall on any plane or 
curve superficies; for they will give the correspondent 
points of the image deformed, and by means of which the 

deformation may be completed. 

To draw on Anamorphosis on the convex surface of a cone. 
It appears from the construction above, tbatwchaic only 
to make a cralicular cctypc on the surface of the cone, 
which may appear equal to the craticUlar prototype, to an 
eye placed at a proper height above the vertex of the 

cone. Hence, 

Let the base, or circumference, abcd, of the cone 
(fig. 3) be divided by radii into any number of equal parts; 
and let some one radius be likewise divided into equal 
parU; then through each point of division draw concen¬ 
tric circles: so shall the cralicular prototype be formed. 

K 





Then draw the line ah (fig. 2) equal to ab, dividing it 
into the same number of equal parte, as the side of the 
prototype ab; and on its middle point z erect the per- 
pendicular ev, as also vs perpendicular to EV, making 
RV SO much the longer, and vs so much the shorter, as 
it is intended the image shall be more distorted. From 
each of the points of division draw right lines to the point 
V, and draw the right line as. Lastly, through the points 
c, e,/,g, &c, draw lines parallel to ub: So shall abed be 
the space upon which the monstrous projcctioo is to be 
drawn; which is called the cralicular cctypc. 

Then, in every areola, or small trapezium, of the space 
abed, draw what appears contained in the corresponding 
nrcola of the original space abcd : so shall there be pro¬ 
duced a deformed image in the space abed, which yet will 
appear in just proportion to an eye distant from it the 
length of EV, and raised above it by a height equal to vs. 

It will be amusing to contrive it so, that the deformed 
image may not represent a mere chaos, but some certain 
figure: thus, a river with soldiers, waggons, and other 
objects on the side of it, have been so drawn and distort¬ 
ed, that when viewed by an eye at S, it appeared like the 
face of a satyr. 

An image may hUo be distorted mechanically, by per¬ 
forating it through' in several places with a fine pin; then, 
placing it against a candle or lump, observe where the rays, 
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With double the diameter a n, as a radius, describe the 
quadrant sro (fig. 4) so as the arch eg be equal tp the 
whole periphery; then this quadrant, being plied or bent 
rovind, will form the superficies %f a cone, whose base is 
the circle. 

Next divide the arch E o into the same number of equal 
parts as the cralicular prototype is divided into; and 
draw radii from all the points of division. Produce g f 
to I, so that FI be equal to fg; from the centre i, with 
the radius iv, describe the quadrant fkh ; and draw the 
right line IB. Then divide the arch rf into the same 
number of equal parts as the radius of the cralicular pro¬ 
totype is divided into; and from the centre i draw radii 
thTough all the points of division, meeting ef in 1, 2, 3, 
&c. Lastly, from the centre f, with the radii rl, f2, 
f3, &c, describe concentric circles. So will the cralicu¬ 
lar cctypc be formed, whose Sreolas will appear equal to 
each other. 

Hence, what is delineated in every areola of the crati- 
cular prototype, being transferred into the arcolas of the 
cralicular cctypc, the images will be distorted or deform¬ 
ed ; and yet they will appear in just proportion to an eye 
elevated above the verte.x at a height equal to the height 
of the cone itself. 

If the chords of the quadrants be drawn in the crali¬ 
cular prototype, and chords of each of the 4th parts iH' 
the creticular cctypc, every thing else remaining the same,' 
there will be obtained the cralicular cctypc in a qua¬ 
drangular pyramid. 

And hence it will be easy to deform an image, In any 
Ollier pyramid, whose base is any regular polygon. 

Because the illusion is more perfect when the eye, by 
the contiguous. objects, cannot estimate the distance of 
the parts of the deformed image, it is therefore proper to 
view it through a small hole. A 

Anamorphoses, or moustrous images, may also be made 
to appear in their natural shape and just proportions, by 
means of niirrors of certain shapes, from which those 
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unagcs arc reflected again; and then they are said to be 
reformed* For farther particulars, sec Wolfius’s Catop¬ 
trics and Dioptrics, and some other optical authors. ' 

ANASl’IlOUS signs, in Astronomy, a name given to 
the duodocatemoriai or the 12 portions of the ecliptic, 
which the signs possessed anciently, but have since de¬ 
serted by the procession of the equinox. 

ANAXAGORAS, one of the most celebrated philoso¬ 
phers among the ancielU^. He was born at Clazomene in 
Ionia, about the 70ih Olympiad. lie was a disciple of 
Anaximenes; and he gave up his patrimony, to be more 
at leisure for the study of philosophy, giving lectures in 
that science at Athens. Being persecuted in this place, 
and at last banished from it, he opened a school at Lamp- 
sacum, where he was greatly honoured during his life, and 
still more after his death, statues having been erected to 
his memory. It is said he made predictions relative to 
the phenomena of nature, as earthquakes, iS:c>upon which 
he wrote some treatises. His principal tenets may be re¬ 
duced to the following :—^All things were in the beginning 
confusedly mixed together, without order and without 
motion. The principle of things is at the same time one 
and multiplex, which had the name of homccmcrics, or 
similar particles, deprived of life. But there is beside 
ibis, from all eternity, another principle, an infinite and 
incorporeal spirit, who gave motion to these particles; in 
virtue of which, such as were homogcncal united, and 
such as were hctcrogcncal separated according to their 
ditferent kinds. AH things being thus put into motion by 
the spirit, and every thing being united to such as are si¬ 
milar, those ^hathad a circular motion produced heavenly 
bodies, the lighter particles ascending, while those that 
were heavier descended. 'I'he rocks of the earth, bv'\u<^ 
drawn up by the whirling force of the air, took fire, and 
became stars, beneath which the sun and moon took their 
stations.—it was said he also wrote upon the quadrature 
of the circle; the treatise <iu which, Plutarch says, he 
composed during his imprisonment at Athens. 

ANAXI.MANDEU, a very celebrated Greek philoso¬ 
pher, was born at Miletus in the 42d Olympiad ; for, ac¬ 
cording to Apollodurus, he was G4 years of age in the 2d 
year of the 58th Olympiad. He w as one of the first who 
publicly taught philosophy, and wrote upon philosophical 
subjects. He was the kinsman, companion, and disciple 
of Inhales. He wrote also upon the sphere and on geomc- 
try, &c. And he carried his researches into nature very 
far, for the time in which he livecL It is said that he dis¬ 
covered the obliquity of the xodiac; that he first pub¬ 
lished agpographical ubie; that he invented the gnomon, 
and set up the first sun-dial in an open place at Lacodo:- 
inon. He taught tliat infinity of things was the prin¬ 
cipal and universal element; that this infinite always pre¬ 
served its unity, but that its parts un<lcrwcrit changes; 
that all things came from it; and that all were about to 
return to it. By this obscure and indeterminate princi¬ 
ple he probably meant the chaos of other philosophers* 
He held that the worlds are infinite; that the stars 
are composed of air and fire, which are carried about in 
their spheres, and that these spheres are gods; and that 
the earth is placed in the midst of the universe, as in a 
common centre. Forihcr, that infinite worlds were the 
prpducc of infinity; and that corruption proceeded from 
s^aralion. 

ANAXIMENES, an eminent Greek philosopher, born 
at Miletus, the fAend, scholar, and successor of Anaxi¬ 


mander. He diffused some degree of light upon the ob¬ 
scurity of his masters s)stem. He made the first prin¬ 
ciple of things to con>i>l in the air, winch he considered 
as infinite or immense, and to which he ascribed a per¬ 
petual motion ; that this air was tlie same as spirit or 
God, since the divine power resided in it. and agitated 
it. The stars were as fiery naiU in the heavens ; the 
sun a flat plate of tire; the earth an extended flat sur¬ 
face, &c. 

ANDERSON {.^lexanoeu), one ot ilic l)rightcst or¬ 
naments of the mathematical world, who flourished about 
200 years ago. It appeal's that he was burn at Aberdeen 
in Scotland, towards the latter part of the l(>ih century, 
and he was professor of mathematics at Pans in the early 
part of .the 17th, where he published several ingenious 
works m geometry and algebra, both of his own, and of 
his friend N'ieta^s. I^le published his 

1 . Supplcmentum Apollonii Redivivi ; sivc analysis 

probleroatis hactenus desiderati ad Apollonii Pergxi doc- 
trinain a Marino Ghetaldo Patntio Ragusino 

huju$<|ue, non ita pridem restitutam. In qua exbibetur 
mechanice a^qualitatum tertii gradus sivc solidarum, in 
quibus magnitude omnino data, sequatur homogene^ sub 
altcro tantum cocfliciente ignoto. liuic subnexa est va¬ 
riorum problcmatum practice.” Paris, 1612, in 4to. 

2. AtrtoXoyia: Pro Zelelico Apolloniani prublematis 
a sc jam pridem edito in supplemcnto Apollonii Redivivi. 
Ad clari^siinum et ornatisfiinuin viruni Marinuni Ghe- 
taldum Patritiuin Ragusinum. In qua ad ca quae obiter 
mihi perstrinxit Ghetaldus respondetur, ct unalyticcs 
clonus tlelegituf.” Paris, 1015, in 4lo. 

3. ** Francisci Victor Foiitcnaccnsis dc Aequatlonum 
Rccognitionc vt EmcndatioiicTructatus duo.” Paris,l6l5, 
in4tu; with a Dedication, Preface, and an Appendix, 
by Anderson. 

4. Ad Angularium Seciioniim Analyticon Thco- 
remala KahXiMTsca. A Francisco Victa Fontcnaccnsi, 
cxcogitata, at absque ulla deinonstralionc ad nos trans- 
missa, jam tandem demonstrationibus confirmata. Oj^ra 
et studio Alexaadri Andersoni Scoti.” Parisiis, lo 15, 
in 4to. 

5. Vindicis Archimedis. Sivo,Elcnchus Cyclomctris 
novcu, a Philippe Lansbergio nuper cdit.T. PcrAlexan- 
drum Andersonum Scutum.” Parisiis, iGlG; in 4tu. 

6. ^tAlexandri Andersyni Scoti Excrcitationum Mathe- 
maticarutn Dicas Prima. Conlinens, Qinestionum ali¬ 
quot, quec nobiSissimorum turn hujus turn veteris fevi, 
Mathemnticorum ingeniacxcrcucre, Enodationem.” Pa- 
ristis, 16199 in 4lo, 

All these pieces, of this excellent geometriciafl, arc re¬ 
plete with the finest specimens of pure geometrical exer¬ 
cises that4iave perhaps ever been produced by any au¬ 
thors, ancient or modern. So dial it is to be lamented 
that the limits of this work will not admit of giving the 
full account of all .the particulars contained in them, 
which I had prepared indeed r.xprcssly for that pur]>osc. 
Besides these, I am not aware of any more publications 
of our author, though perhaps there may have been others* 
Indeed from the last piece, it fully appears that he had at 
least written, if not published, another, viz. A treatise on 
the mensuration of solids, perhaps with a reference to 
gauging; as, in several problems, whore he critically ex¬ 
amines the treatise on cask-gauging of Kepler, our author 
often refers to his own w*ork on stereometry, which I have 
Dot learned had ever been published. 
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Alcxaii<li.‘r was cousiii-jicrinaii lo a Mr. Daviii Atulcrson, 
of Finshaugb, a crnllcman who also possessed a singular 
turn for inalhciuatital and mechanical knowledge. This 
mathematical genius appears to have been liereilitary 
HI the famiU of tlie Andersons, and from them transmitted 
to their descen-iiiiits of the tiamo of Gregory in the same 
country; the (laughter of the said David Anderson having 
been liie mother of the celebrated mathemntician James 
Gregory, and who herself first instructed her son James 
in the elements of the mallicinatjcs, on observing in liini, 
while yet a child, a strong propensity to those sciences. 

The time cither of the birth or death of our author 
Alexander, has not come to my knowledge. 

ANDl'.USON (Robert), an ingenious mathematician, 
who flourished in tlic latter half ol the I7th century, and 
was much noticed and encouraged in those studies by the 
mathematical Jolm Collins, among others, so often men¬ 
tioned in tlic early labours of the Royal Society. Mr. 
Anderson was not in the profession of mathematics, or of 
those other branches which it appears he usefully culti¬ 
vated and improved ; but was a silk-weaver by liade, and 
must have been a person of some consideration and sub¬ 
stance, as lie was tible lo make, at his own charge, some 
thousands of experiments with cannon, for improving the 
art of gunnery; w hich he did in a considerable degree, 
as appears by the tracts on that art which he published, 
as deduced from those experiments; viz, The Genuine 
Use and I'.lTectsof the Gun, in 1()74; To Hit a Mark, in 
16'90; ami,'I’o Cut the Rigging, &c. nil ii» +{<>• 

He published also, Slcrcomclrical Propositions, variously 
applicalile, but jiarlicularly intended for Gnuging: in 
small 8vo, JO'bS. This little work is nn clubomte treatise 
on the measurement of all kinds of solids that can be 
generated by the rotation of circles and the conic sectioin, 
or the ellipse, hyperbola, and parabola; viz, all spheres, 
spheroids, conoids, and spindles, A:c, with llieir segments, 
zones, \ingtilas, &c. 

ANDHOMPn.A, in Astronomy, a constellation of the 
northern hemisphere,•representing the figure of a woman 
almost naked, her feet at a distance from each other, and 
her arms extended and chained; being one of the ori¬ 
ginal 48 asterisins, or figures under which the ancients 
comprehended the stars, as derive<l to us from the Greeks, 
who probably had them from the Kgyptians or Indians, 
and who, it is suspected, altered their names, and ac^om- 
paiticd them with fubulous stories of their own. Accord¬ 
ing to them, Cepheus, the father of Andromeda, was 
obliged to givfl lu-r up to be devoured by a monster, to 
preserve his kingdom from the plague ; but that she was 
delivered by Perseus, who slew the monster, and espoused 
her. And the family were ull translated by iSlincrva to 
heaved, the mother being the constellation Cassiupciu. 

She is sometimes called, in Latin, I\rua, jiTiilier cnie- 
HcUa, P’lVgo (/erota, Ac. The Arabi&ns, whose religion 
did not permit them to draw the figure of the human body 
on any occasion whatever, have changi'd this consicHuiiun 
into the figure of u sea-calf. Schickard has changed the 
name for that of the Scripture name Abigail. And Schiller 
has also changed the figure of the constellution, for that 
of u sepulchre, and calls it the Holy Sepulchr^. 

''Phis constellation contains about 27 stan, that arp 
visible lo the naked eye; of which the principal arc, a 
Andromeda’s head; 0 in the girdle, and called Mirachor 
Mizar; y on the south foot, and named Alamak, and 
sometimes Alhanics. 


The number of stars placed in this constellation, by the 
catalogue of Ptolemy is 23, by that of Tycho Rrahe 
also 23, by .that of Hevelius 47, and by that of Flam- 
sU-id 6<j. 

AiSL.MO.MF.TER, an instrument for mea.suring the 

force of tlic wind. ' 

An instiumcnt of this sort, it seems, was first invented 
by Wolfius, in the year 1708, and first published in his 
Arcoinilry in 1/09, also in the Acta Lruditorum, of the 
same year; afterwards in his Mathematical Dictionary, 
and in his Llein. Matheseos. He says he tried the good¬ 
ness of it, and observes that the internal structure may be 
preserved, so ns to measure the force of running water, or 
that of men or lnTrses when they draw or pull. The ma¬ 
chine consists of sails, a, b, c, like those of a wind-mill, 
against which the wind blows, and by turning them about 
raises an arm K with a weight l upon it, to different 
angles of elevation, shown by the index M, according to 
the force of the wind. (Plate iii. fig. 3.) 

Mr. Loutmann improved on Wolfius’s anemometer, by 
placing the sails horizontal, ips^d of vertical, w hich are 
easier tben to move, and turif-viihatever way the wind 
blows. ' 

Mr. Benjamirt Marlin also (Plate iii. fig.5) improved on 
the same. He marie the axis like the fusee of a watch, 
having a cord winding upon it, with two weights at*the 
ends, which make iihvays a balance to the force of the 
winil on the sails. S«‘e his Philos. Britan. 

And M. D'Ons-en-Bray invonicd a new anemometer, 
which of itself expresses on paper, not only the several 
winds that have blown during the space'of 24 hours, and 
at what hour each began ami ended, but also llieir dif¬ 
ferent velocity. Sec hlem. Acad. Scicnc. on. 1734. 

In the Philos.Traps, another anemometer is describcil, 
in which the wind being supposed to blow directly against 
a tbit sid'', or board, which moves along the graduated 
arch of a rjuarlranl, the number of degrees it advances 
shows tlic comparative force of the wiml. 

In the same Traii'actions, for the year 17(»6, Mr. Alox. 
Brice describes a inetliod, succe'-sfully practised by him, 
of measuring the velocity of the wind, by means of that 
of the shadow of clouds passing over a plane upon the 
earth. 

Also ill the same Transactions, for the year 1775, Dr. 
Lind gives a discripfion of a very ingenious pdrtable 
Wind-Gauge, by which the force of the wind is easily 
measured ; and which seems to have been suggesteil by a 
hint of Dr. Holes, in his Description of Ventilators, pi^l2. 
and described in the llueiiuini, long bcloic Dr. Lind’s 
time. A brief description of the principal parts of it here 
follows. 'Hiis simple instrument consists of two gloss 
lubes, AB, CO (Plato iii. fig. 4), which should not be less 
than 8 or 9 inches long, the bore of each being about -fir 
of an inch diameter, und connected together by a small 
bent glass tube nA, only of about -j-V of ao inch diuineler, 
to-check the undulations of the watvr caused by a sudden 
gust of wind. On the upper end of the leg .\ir is’fixed at 
right angles to it a thin metal tube, and having Hs mouth 
open lo rcccRe the wind blowing horizonluily into it. 
The two lubes, or rather the two branches of Ihe lube, 
are Connected lo a steel spindle kl, by slips of brass near 
the top and bottom, on the sockets of which at e and/, 
by the wind blowing in at the orifice at r; the whole in¬ 
strument turns easily about the 5pind|e, which is fi.xcd 
into a block by n screw in its bottom. When the instru- 
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meiit is used, a quantity of water is poured id, till llic 
lubes are about half full; ^hen exposing the instrument 
to the wind, by blowing in at tiic oritice r, it forct^ the 
water down lower in tlu* tube ab, and raises it so much 
higher in llu* other lube; then tin <hsMnce between ihe 
surfaces of the water in the two lube>, cbtiiiiat* d byascule 
of inches uiul parts ni, placed by tlie »i<le5 of the lubcs» 
will be tlie height of a column ot vvater whose weight is 
equal to the torce or monieiituin of the wiiui, blowing or 
strikiAs aguin>C un equal base. And as a cubic loot ot 
water weighs 1000 ounces, or 62i pouiuU, the I2lli part 
of which is 5^ or 5f pounds nearly, tlierefoie for every 
inch the surface of the water is raised, the force of the 
wind will be equal to so many limes pounds on a 
square foot. I’hus, suppose the water suuul 3 inches 
higher in the one tube, than in the other; then 3 limes 
5^/or 15-f pounds, is equal to the pressure or force of the 
wind on the surface of a square foot. 

This instrument of Dr. Lind's, measures only the force 
or jiKimenlum of the wind, but not its velocity. How¬ 
ever, the velocity of the wind may be deduced from its 
force so obtained, by help of some experiments performed 
by me at the Uoyal Military Academy, in the years 1/86, 
1787, and 1788; from which it appears that a plane sur¬ 
face of u square foot sulTers a resistance of 12 ounces, or 
^ of a pound, from the wind, w hen blowing with a velo¬ 
city of 20 feet per second ; and that the force is nearly 
as the square of the velocity. Hence then, taking the 
force of 15^ t^^s, above found, for the force of the 
wind wlicn it sui^ins 3 inches of water, and taking the 
square roots of the forces, it will be, as : \/15f : 

20 : the 4th pnjportional, that is a vdlucity of 

feet per second, or 62 miles per hour, is the rale or velo¬ 
city at which the wind blows,*when it raises the water 3 
inches higher in the one tube than the oilier. And fur¬ 
ther, as the said heijht is ns (he force, and the force as 
the square of the u luclty, wc shall have the force and 
velocity, corresponding to several heights of the water in 
tbc one lube, above that in tiie other, os in the following 
table. 

Table of the corresponding heighi q/“ wtier^force of ihe wind 
on a S'/unre/oolf ana Us vel4icity per hour. 

in one instance, Dr. 
Lind found, that the 
forceufthewind was such 
as to be equal to 
pounds, on a square 
foot; and this by pru- 
' portion, in the follow¬ 
ing table, will be found 
to answer to a velocity 
of 93 inilt^ per hour. 


1 


Iscfc tVind^Oauge, 

ANKMObCi^PE, U sometimes used to denote a ma¬ 
chine invented to foretell the changes of the wind, or 
woaiher; and sometimes fbr an instrument showing by an 
index wbut the present direction of the wind is. Of this 
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latter kind, it sremn, was that used by iho as 

described by Vitruuus; and vve have many or ihi lu at 
present in large or public buildings, where an iiukx with- 
i^^ide a room or liall, puiiil^ to the nuine of the quarter 
irom which the wind blow> without; wliicli is siinjdy i-l- 
fecti d by ctjnn»‘Ciing un nulox to the lower end of tlu* spin¬ 
dle of a wu atbei-cuck. 

It hu9 Ih ell I'bMTved that ij) l'm.vC' i ns made of cat-gut, 
or such like, proveM*ry good aru inu>i« |. s; seldom failing, 
bv the turning of the Hides, to lof< ti h kik- 'ijftins of the 
wind. Sec accuunis ol two Uilteiejii am u.ii*] (; one 
by Mr. Pickering, >ol 43 Phiio' lui' <>ilar I*, Mr. 

B. Martin, \ iA. i ot in') Phih >. I.nt.iii. 

Otto Guenckc aKu gave tin liilc am rnosc pe to a ma¬ 
chine invented by hun to toretcll tin* change (d the wea¬ 
ther, as to rain and fair. It consist! did (In Miiall wooden 
figure of a man, w hich rose and fell in a lube. a:> the 
atmosplieie was inoje or less heavy. Wliuh was only an 
application of the comiiHin baronuter, shown by M. 
Couriers in the Acta Liuditorum for )664. 

ANGLE, /Jn^ulus^ in Geometry, the opt ning or mutual 
inclination of two lines, or two |dniK‘>, meeting in a point, 
culled the vertex or angular [nant. Such as the angle 
formed by, or bctwcim the two lines ab and xc/at the 
vertex or angular point a.— Also the two lilies ab and ac, 
are called the logs or the sides of (he angle. 



Angles arc sometimes denolod, or natned, by the single 
letter placed at ihe angular point, as the angle a; and some¬ 
times by three letters, as bac, placing always tlK4 of the 
vertex in the middle. 'Ihe former luHliod is usul when 
only one angle has the same vertex; and the lattet method 
it is necessary to use when several oiisleH have the same 
vertex, to didtinguisU them from one another. 

Tlic measure of an angle, by which its quantity or inng- 
niludc is expn^ssed, is an arch, as de, described from ihc 
centre a, with any radius at pleasure, and contained be¬ 
tween its legs AB and ac.— Hence angles are compared 
and*dislinguished by the ratio of the arcs which subtend 
them, to the whole circumference of the ciicle; or by the 
number of di^grces contained in the arc de by which they 
are meagre d, to 36*0, the numbtT of degrees in the wh<de 
circumference of the circle. And ihus an angle is said to 
be of io many degrees as are contained in the arc uu, by 
which it is me asured. 

Ilejicc it matters not with what radins the arc is do 
scribed, for the arcs on, rfc, being similar, they have the 
same ratio as their respective radii or clrctinifciences, and 
thetefoit* they contain the same miinber of degrees.— 
Hence it follows, that the quantity or magnitude of the 
angle remains s(il! tin* same, though the legs be ever so 
much incrensed or diminished.—And thus, in similar 
figures, the like or corresponding angles are eqtiaK 

The taking or measuring of nmoles, is an operation of 
grcalfuse and extent in surveying, navigation, gcogniphy, 
astronomy, 6cc. And the instruments chielly used Tor 
this purpoK*, arc quadrants, seMunts, octants, theodolites,. 
circumtereiUors^ &c. Mr- Hadley Invented an excellent 
instrument for taking the larger kmd of angles,, where 
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much accuracy is required, or where the motion of the 
object, or any circumstance causing nn unsteadiness in 
the cominun instruments, rcmlers the observations diffi¬ 
cult, or uncertain. And Mr. Dollond contrived an in- 
.slrumcnt for measuring small angles. See Hadley't Qua- 
drnni, Micromettr, and the Philos. Trans. Numbers 420, 
425, and vol. 48. 

To measure the Quantity of an Angle. 

1. On paper. Apply the centre of a protractor to the 
vertex A of the angle, so that the radius may coincide 
with one leg, as ab ; then the degree on the arch that is 
cut by the other leg ac, will give the measure of the 
angle required. 

Or thus, by a line of chords. Take off the chord of 
Co with a pair of compasses; and with that radius, from 
the centre a, describe an arc, as de. Then take this 
arc DE between the compasses, and apply the extent to 
the scale of chords, which will give the degrees in the 
angle as before. 

M. De l.agny gave, in several memoirs of the Royal 
Aca<lemy of Sciences, a new method of measuring angles, 
which he called Gonioinclry. The method consists in mea¬ 
suring with a pair of compasses, the arc which subtends 
the proposed angle; not by applying its c.xteiit to n pre¬ 
constructed scale of chords, but in the following manner: 
From the angular point as a centre, with a pretty large 
radius, describe a circle, producing one leg of the angle 
backwards to cut off a semicircle ; then search otit what 
part of the'semicircle the arc is which measures the given 
angle in this manner; viz. take the extent of this arc with 
a very fine pair of compas«es, and apply it several times 
to the arc of the semicircle, to find how often 't is con¬ 
tained, with a small part remaining over; in the same 
manner take the extent of this small part, and apply it to 
the first arc, to find how often it is contained in it; and 
what remains this 2d time, apply in like manner to the 
first remainder; then the 3d remainder apply to the 2d, 
and so on, always counting how often the lost remainder 
is contained in the next foregoing, till nothing remain, 
or till the remainder is insensible, and loo small to be 
measured. Then, beginning at the last, and returning 
backwards, make a series of fractions, of which the nii- 
meraiors arc always 1, and the denominators arc the 
number of times each remainder is contained in its next 
remainder, with the fractional part more, as derived from 
the following remainder; then the last fraction, thus ob¬ 
tained, will show what part the given angle is of 180^, or 
the semicircle; and being.turned into degrees will be 

the measure of the angle, and nearer, it is asserted, than 
it can be obtained by any othef means; whpthcr it be 
measuring, or calculating by trigonometrical tables.— 
Thus,'if it be required to measure the angle cFn : With 
a large radius describe the semicircle oiii, meeting the 
leg to produced in i; then take the extent of the arc 
on in the compasses, and applying it from a upon the se¬ 
micircle, suppose it contains 4 limes to the point 4, and 
the part 4i over; take 4l and apply it from h to I, so 
that HO contains 4i once, and lo over; also apply this rc- 
maindci to the former 4r, and it iscontained 5 times, from 
4 to 5, and 5i over; and lastly the remainder 5i is just 
twice contained in the former remainder lo or 12,%ith- 
out any remainder. Here then, the series of quotients, or 
numbers of times contained, arc 4, 1, 5, 2; therefore, be¬ 
ginning at the lust, the first fraction is 4, or the fast rc- 
maioder is half the preceding one; and the 2cl fraction is 


or ^; the 3d is ^ or 44; and the fourth is ^ or 44; 

that is, the arc oh is 44 of a semicircle, or the angle 
OFJi is 44 of two right angles, or of 180**, which is equi¬ 
valent to 374 degrees, or 37® 8' 34"4- 

2. On the groutid. Place a suncying instrument with 
its centre over the angular point to be measured*, turning 
the instrument about till 0, the beginning of its arch, fall 
in the line or direction of one leg of the angle; then 
turn the index about to the direction of the other Iqg, and 
it will cut off from the arch the degrees answering to the 
given angle. 

To plot or lay down any given angle, either on paper 
or on the ground, may be performed in the sanm manner; 
and the method is farther explained under the articles 
Plotting and Protracting, also under the names of 
the several instruments. 

To bisect a given angle, as suppose the angle lkm. From 
the centre k, with any radius, describe the arc lm ; then 
with the centres L and M, describe two arcs intersecting 
in N ; and draw the line kn, which will bisect the given 
angle LKM, dividing it into the two equal angles lkn, 
MKN. 




To trisect an angle, see Trisection, and Angular 
Sections. 

Angles arc of various kinds and denominations. With 
regard to the form of their legs, they arc divided into 
rectilinear, corvilinear, and ntised. 

Rectilinear, or right-lined Angle, is that whose legs are 
both right lines; as the foregoing angle ukl. 

Curvilinear Angle, is that whose legs arc both of them 
curves. 

Mixt, or miiiilinear Angle, is that of which one leg is 
a right line, and the other a curve. 

With regard to their magnitude, angles arc again di¬ 
vided into right and oblique, acute nnd obtuse. 

Right Angle, is that which is formed by one line per¬ 
pendicular to another; or that which subtended by a 
quadrant of a circle. As the angle bac. —Therefore the 
measure of a right angle is a quadrant of a circle, or flO®; 
and consequently all right angles are equal to each other. 

Oblique Angle, is a common name for any angle that 
is not a right one; nnd it is either acute or obtuse. 

j^ie Anglc, is that which is less than a right angle, 
or less than 90 degrees; as the angle bad. 

Obtuse Angle, is greater than a right anglc, or whoso 
measure exceeds 9^ degreesos the angle bar. 

With regard to their situation in respect of each other, 
angles arc distinguished into contiguous, adjacent, vertical, 
opposite, and alternate. 

Contiguous Angles, arc such as have the same vertex, 
and one leg common to both. As the angles bad, cad, 
which'bavc ad common. 

Adjacent Angles, are (hose of which a leg of the one 
produced forms a leg of the other: os the angles gpii afiti 
iFii, which have the legs if and FO in a straight line.— 
Hence, adjacent angles are supplements tq each other, 
making together 180 degrees. And therefore if one of 
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these be gi?eii» the other will be known by subtracting 
the given one from 180 degrees. Which property is use* 
ful in surveying, to iind the quantity of aii inaccessible 
angle; vi2, measure its adjacent accessible one, and sub¬ 
tract this from 180 degrees. 



legs mutually continuations of each other; as the two 
angles a and h, or c and d ,—The property of these is, 
that the vertical or opposite angles are ahvays'cqual to 
each other, viz, and And hence 

the quantity of an inaccessible angle of a field, &c, may 
be found, by measuring its accessible opposite angle. 

AUtmuie Angles, arc those made on the opposite 
sides of a line cutting two parallel lines; so, the angles 
ediodf, or, g and h, are alternates. And these arc always 
equal to each other; via, the or 



£r/mta/ Angles, arc the angles of a figure made 
without it, by producing its sides; as the angk^ i, k, /, m« 
All the external angles of any right-lined figure, taken to¬ 
gether, arc equal to 4 right angles; and the external an¬ 
gle of a triangle is equal to holh the internal opposite 
ones taken together; also any external angle of a trape* 
zium inscribed in a circle, is equal to the internal oppo¬ 
site angle. 

Jfitemal Angles, are the angles within any figure, made 
by the sides of it; as the angles n, o, p, y.—In any right- 
lined figure, on internal angle as n, and its adjacent ex¬ 
ternal angle ib, together make two right angles, or 180 
degrees; and all the internal angles n, o,p, 9, taken to¬ 
gether, make twice as many right angles, wanting 4 , as 
the figure has sides ; also any two opposite internal an* 
glcs of a trapezium inscribed in a circle, taken together,, 
make twO'right angles, or 180 degrees^. 

Homohgoiu, or Ancles, arc such angles in two 
figure's, us retain the same order in both. 

Angle at the centre^ is that whose vertex is in the cen¬ 
tre; as llie angle afc, fornu'd bv.two radii af, fc, and it 
is measured by the arc adc. —An angle at the centre, as 
AFC, is always double the angle abc at the circumfe¬ 
rence, standing on the same arc adc; and all angles at 
the centre are rqual that stand upon the same or equal 
arcs: also all angles at the centre arc proportional to the 
arcs they stand upon; and so also arc all angles at the 
circumference. 
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Ancle at the circumference, is that «hose \ertex is 
somewhere in the circumference of a circle; the aji- 
gle ABC. 

Angle in a segment^ is that whoso legs meet the extre¬ 
mities of the base of the segment, and its vertex is any¬ 
where in its arch ; as the angle b is in the segment abc ; 
and is comprehended between two chords ah and bc.— 
An angle at the circumference is measured by half the 
arc ADC on which it stands; artd all the angles abc, aec, 
in the same segment, are equal to each oiIkt. 

Angle in a semicircle is an angle at the circumference 
standing on a semicircle, or on a diameter.—An angle in 
a semicircle, is a right angle; in a greater segment, the 
angle is less, and in a less segment is greater, than a right 
angle. 

Angle of a segment, is that made by a chord with a 
tangent, at the point of contact. So lUK is the angle of 
the leas segment imh, and ihl, the angle of the greater 
segment inh.—A nd the measure of each of these angles, 
is half the alternate or supplemental segment, or equal 
to the angle in it; viz, the Z.111R = .^inh, and the 
Z.IIIL = ^IMH. 

Angle out qf the centre, as a, is one whose vertex is 
not in the centre of the circle.—And its measure is half 
the sum -h of the arcs intercepted by its legs when 
it is within the circle, or half the difference ^ {b 
when it is without. 



Angle of a semicircle, is the angle which the diameter 
of a circle makes with the circumference. Euclid de¬ 
monstrates that this is less tbau a right angle, but greater 
than any acute angle. 



Angle of contact', is that made by a curve line and a* 
tangent to it, at the point of contact; as the angle ihk. 
It is proved by Euclid, that the angle of contact between 
a right line and a circle, is less than any right-lined angle 
whatever; though it does mit therefore follow that i| is 
of no magnitude or quantity. This has been the subject’ 
of great disputes among geometricians, in which Peleta- 
rius, Clavius, Taquet, Wallis, &c, bore a considerable 
share; Peletarius and Wallis contending that it is ito an¬ 
gle at all, against Clavius, who rightly asserts that it is 
not absolutely nothing in itself, but only of no magnitudo 
in comparison with a right-lined angle, being a quantity 
of a different kind or nature; like as a lino in n^spcct to. 
a surface, or a surface in respect to n solid, &c« And 
since his time, it has been proved by sir Isaac Newton, 
and others, that angles of contact can be compared to 
each odicr, though not to right-lined angles, and whab 
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(l.c nroporlions arc wliicl. tluy bear to'each other. Thus, 
Uk- circular angles of contact ii.K, iiti., arc to each 
Other in the reciprocal subcluplicatc ratio of the diameters 
IIM, UK. And hence the circular angle of contact may 
be divided, by describing inUTincdialo circU-S into any 
number of purtN, and in any proportion. And if, instead 
of circU's, the curves be parabohi^, and the point of con¬ 
tact n or o the common vertex of their axes; the angles 
of contact will then be reciprocally in the subdiiplicatc 
ratio of llicir parameters. Hut in such elliptical and hy¬ 
perbolical angles of contact, these will be rccipiocully m 
thcsubduplicatcof the ratio compounded of the ratios 
of the parameters, and the transverse axes. Moreover, if 
TOQ be a common parabola, to the axis oP, and lanpent 
vow, and whose equation is 1 x x or x =y> where 

X is the absciss up, and y the ordinate pq, the parumelcr i 
being 1: and if or, os, ^^cc, be other parabolas to the 
same axis, tangent, and parameter, their onhnale l^ing 
PR, or PS, &:c, and their equations x — ^ ^ — J' > 

&c: then the series of angles of contact will be in suc¬ 
cession iulinitely greater than each o^her, vi:^, the angle 
of contact wug infinitely greater than won, and this in- 
liiiili'ly greater than w on, and so In inhnituin. 

And farther, between the angles of contact of any two 
of ttiis kind, may other angles of contact bo found ad 
infinitum, wdiicb shall infinitely exceed each other, and 
jet tlic greatest of them bo infinitely less than the smallest 
ri^ht-lined angle. So also x** — y*, x* =y , &c, 

denote a senes of curves, of which every succeeding one 
makes an angle with its tangent, infinitely greater llian the 
preceding one ; and the least of these, viz, that whoso 
equation is =y\ or the scmicubical parabola, is mfi- 
niiely greater than any circulac angle of contact- 

Angles arc again divided into plane, spheticfi', and 

... 

JVanc Angles, arc all tliosc above treated of; which 
arc defined by the inclination ol two lines in a plane, 
meeting in a point. 

Sphericnl Angle, is an angle formed on the surface of 
u sphere by the inicrscciicm of two great circles; or, it is 
the inclination of the planes of those circles. 

The measure of a spherical angle, is the arc of a great 
circle of the sphere, intcrccpteil between the two pluneS 
which form the angle, and which cuts the said planes at 
right angles. I'or their properties, ice, see Sphere, 
Spiicuxcal, and Spherical Trigonometry. 

Solid Angle, is the mulst»l,incIinniiou of more than 
two planes, or plane angles, metl'jig in a point, and not 
contained in the same plane; like the angles or corners 
of solid bodies. For their measure, properties, &c, see 
Solid Angle. 

Angles of other less usual kinds and denominations, arc 
also to be found in some books of Geometry. As, 

Homed AsaLt,angulus comutiu, that which is mndc by 
u right line, whether a tangent or secant, with the circum¬ 
ference of a circle. 

Lunular Angle, angultu lunularis, is that which is 
formed by tlic intersection of two curve lines, the one con¬ 
cave, and the other convex. 

Ciuoid Angle, angu/iu ciuo/t/^ tho inner angle made 
.by two spherical convex lines intersecting each other. 

Sisiroid Ahgl^, angulus sistroides, is that which is in 
the form of a sistrum. 

PeUcoid Angle, anguluspelecotdes, is that in the form 
of a hatchet. 


Angle, in Trigonometry. See Triangle,'1 rigoko- 
Methy, Sin t, Tangent, 4fc. 

Angle, in Mechanics.—/fng/c of Dtrtciion, is that 
which is comprehended between the lines ot direction of 

two conspiring forces. , , . 

Angle of Elevation, is that which is comprehended 
between the line of direction and any plane on w hich the* 
projection is made, whether horizontal or oblique. 

A-aohz of Incidence, is that made by the line of di¬ 
rection of an impinging bodj^at the point of impact. As 

the angle arc. , . . , r »• 

Angle q/' Reflection, is tHIt mhde by the line of direc¬ 
tion of the rellected body, at the point of impact. As the 

ah;;lc dbe. . . , 

Iristcnd of llic angles of incidence and rcflccuon being 
estimated from the piano on whicli the body impinges, 
sometimes the complements of these are understood, viz, 
ns estimated from a pejpcndicular to the rcftccling plane; 
as the two angles auk and DBF. 
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Anclr> in Optics.—or Opiic i^n^/c^isthc angle 
included bc^twocn the two rays drawn from the two ex- 
tri ine points of .mi object to the centre of the pupil of the 
oyo: Hs the aTt^le no I. The apparent magnitude of ob- 
Jecls, when llieir distance cannot be- compured, is greater 
according to the angle under svluch they appear. 
—Objeeb seen under the same or an equal angle, appear 
equal.—But there is an exception to this aule in tlie ease 
of the heavenly bodies, which arc really seen under a 
less angle in the horizon than when they have attained 
any sensible degree of elevation (see Hefraction)} 
notwithstanding which, it must have been observed by 
every one that they appear larger in the horizon, than In 
any other part of their course; this becomes still more 
sensible if we obson^c the distance of two stars at their 
rising, and again when they arc near the zenith, their ap¬ 
parent distance in the former case being considerably 
greater than in the latter, yet if their angular distance be 
measured bv a sextant, it will be found to increase as their 
distance from the zenith decreases. (See Apparmi Mag* 

miude.) ' 

The least visible angle, or least angle under which ft 
body can be seen, according to Dr. Hooke, is one mi¬ 
nute ; but Dr. Jurin shows, that at the lime of his debate 
vvitli Ilcvelius on this subject, the latter could probably 
discover a single star und^*r so small an angle as ‘20 . But 
bodies are visible under smaHe^ angles as they arc more 
bright or luminous. Dr. Jurin stales the grounds of this 
controversy, and discusses the (|U0sliun at large, in his 
Esiay on distinct and indistinct Vision, published in 
Smith's Optics, pa. 148, et 

Angle of the inlercal, of two places, is the angle sub¬ 
tended by two lines directed from the eye to those plncw. 

Angle of incidence, or r^ectiort, or r^raction, &c. See 
the respective words IxctDENCR, Reflection, Re* 
fraction, &c. 

Angle, in Astronomy.— Angle ef ComOtutation. Ste 

Commutation. i *? i c 

Angle of e/ongolion, or Ang^ at the £flrM. See 

Elongation. 
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Parallactic Angle, or the parallax^ is the angle made 
at tho centre of a star, or the sun, &c, by two lines drawn, 
the otic to the centre of the earth, and the other to its 
surface. See Parallactic, and Parallax. 

Angle q/* the position qf the sun, of the suns apparent 
semi^diameter, &c* See the respective words. 

Angle at the sun, is the angle under which the distance 
of a planet from the ecliptic is seen from the sun. 

Angle q/* Me East. Sec Nonaoesimal. 

Angle of obliquity, of the ecliptic, or the an^lc of 
inclination of the axis [of the earth to tlie axis of the 
ecliptic, is now nearly 23^28'. Sec Obliquity, and 
Ecliptic. 

Angle of longitude, is the angle which the circle of a 
star’s longitude makes with the meridian, at the pole of 
the ecliptic. 

Angle q/* right ascension, is the angle which the circle 
of a star's right ascension makes with the meridian at the 
pole of the equator. 

Ancle, in Navigation. Angle of the rhumb, or loxo^ 
dromic angle. See Hhv&ib and Loxodromic* 

Angles, in Fortidcation, arc understood of those form¬ 
ed by the several lines used in fortifying, or making a 
place defensible. 

Tbc'se are of two sorts ; real and tmq^incr^.—Real an¬ 
gles are those which actually exist and appear in the 
works. Such as the dunked angle, the angle of thcepaule, 
angle of the dank, and the re-entering angle of the coun¬ 
terscarp. Imaginary, or occult angles, are those which 
are only subservient to the construction, and which exist 
no more after the fortification is drawn. Such os the 
angle of the centre, angle of the polygon, dunking angle, 
salient angle uf the counterscarp, 

Angle qf, or at, the centre, is the angle formed at the 
centre of tho polygon, by two radii drawn from the cen¬ 
tre to two adjacent angles, and subtended by a side of it, 
as the angle acb. This is found by dividing 360 degrees 
by the number of sides in the regular polygon. 



Angle qfthe Polygon, is the angle intercepted between 
two sides of the polygon; as dad, or a be. This is the 
supplement of the angle at the centre, and is therefore 
found by subtracting the angle c frooN 180 degrees. 

Angle qf the THangle, is half the angle of the poly« 
gon; ascABorcNA; and is therefore half the supple 
luent of the angle c at the centre. 

Angle tf the Bastion, is the angle fag, made by the 
two faces of the bastion. And is otherwise called the 
flanked angle. 

DisniniMd Angle, is the angle bag, made by the 
• meeting of the exterior side of the polygon with the face 
AG of the bastion. 

VoL. L 


Ancle of the curtin, or qf (heflank, is tho angU* <.u t, 
made belwcoi; the curtin and the flank. 

Ancle of the epaule, or shoulder, is tho angle aoji» 
made by tho flank and the face of the bastion. 

Angle of the tcnailley or exterior flanking angle, is tho 
angle a kb, made by the two rasuiu lint’s of defence, or 
the faces of two bastions produced. 

Angle 0 / the counterscarp, is the angle made by the 
two sides of the counterscarp, meeting before the middle 
of the curtin. 

Angle flunking inward, is the angle made by ibe flunk¬ 
ing lino wjih the curtin. 

A S 0 LEybr//a*/?^ the flank, is that consisting of one flank 
and one deniigorge. 

ANOLE/orwi>^ the face, is that composed of one flank 
and one face. 

Angle of the moat, is that made before the curtin, 
where it is intersected. 

Re-entering, or re-entrant Angle, is that whose vertex 
is turned inwards, towards the place ; as 11 or x. 

Saliant, or sortant Angle, is that turned outwards, ad¬ 
vancing its point towards the field ; as a or o* 

Dead Angle, is a re-entering angle, which is not 
flanked or defended. 

Angle of a wall, in Architecture, is the point or cor¬ 
ner where the two side's or faces of a wall meet. 

ANGUINEAL Hyperbola, a name given by Sir Isaac 
Newton to four of his ciirvt*s of the second order, riz, 
species 33, 34, 35, 36', ex priced by the equation xy"^ ey 
= — «r^ -h 4- ex -t- J; being hyperbolas of a ser¬ 
pentine figure. See Curves. 

ANGULAR, something relating to, or that hath angles. 

At a distance, angular bodk^s appear round ; the angles 
and small incquaiiti<*s disappearing ut a much less distance 
than the bulk of the body. 

ANGULAR Motion, is the motion of a body which 
mo\e$ circularly about a point; or the variation in the 
angle described by a line, or radius, connecting a body 
with the Centre about which it movcs.—Thus, a pendu¬ 
lum has an angular motion about its centre of motion; 
and the planets have an angular motion about the 5un.~ 
Two moveable points k and 0 , of which L 

the one describes the arc mk, and the /\ 

other the arc op, in the same time, / \ 

have an equal, or the same angular 
motion, though the real motion of the / \ 

point 0 be much greater than that of . .^ 

the point M, viz, as the arc op is greater than""tbo arc 
MN. The angular motions of revolving bodies, as of the 
planets about the sun, are reciprocally proportional to 
their periodic times* And they are also, as their real or 
absolute motions directly, and as their radii of motion 
inven^ly. 

Angular motion is also a kind of compound motTon 
composed of a circular and a rectilinear motion; like 
the wheel of a coach, or other vehicie.i 

Angular Sections, the dividing of angles into some 
number of equal parts; as, to bisect, or to trisect an 
angle, &c. 

Euclid taught how to bisect an angle, viz, in ptop. y, 
book^l; but bis geometry goes not fortber* The other 
ancients after him endeavoured to trisect an angle; in 
which attempt, as Euclid's geometry failed them, they 
had recourse to the conic sections, which bad been ad« 
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inittcd inlo goonietry, by iiicttus of uhicb, and a problem 
in Apolloniuvs Inclinations, they effected the triscclion; 
which was equivalent lo solving a ctibic equation. Pap¬ 
pus, in the aiul following props, of book 4, treats of 

the irmclitui; ami in the 36lh et siq. of any section in 
gtiuial. 4Many of the moderns have also treated ol an¬ 
gular sections; as, Viefo, Alex. Anderson, Wallis, Brigg^j 
rilopjiul, Guisne, Emerson, A:c. Sie Scctiox ar:d 

I'Ulsrt TION, &CU 

annual, in Astronomy,something that returns every 
year, or vviiich terminates with the year* 

Annual wiorion of canh. Sec Eaixth. 

Annual urgunicnt of hniiitudc. See Arouwent. 

Annual cpacts. See Ei’act. 

Annua!. €(jun(ion of iltc mean motion of the sun and 
moon, and of the moon's apogee and nodes. Sec Equa- 
UON. 

ANNUrriES, any periodical incomes, arising from 
money lent, or from liouses, lands, salaries, pensions, &c; 
payable from lime to time; either annually, or at other 
intervals of time. 

Annuities may be divided into such as arc certain, and 
such as depend on some contingency, as the coniinuancc 
of a life, bee. See Lire Annuities. 

Annuities are also divided into annuities in possession, 
and annuities in reversion; the former meaning such as 
have commenced; and the latter such as will not com¬ 
mence till some particular event has happened, or till 

some given period of time has ehqs^cd. i _ rL — 

Annuities may be farther considered as payable either ~ 


sion. the first tefm and common ratio being each -,and 

tbc mimbcrofits terms n; therefore the sum » of all ibc 
tennv, or the (trcseiu value of all the annual paymcDts, 

will be s = 


When the annuity is a perpetuity, it is plain that tbc 
last quantity ^ vatiishcs, and therefore * — also va¬ 
nishes ; consequently the expression becomes barely s = 
—that *he present value of the perpetuity of 

an annuity of 1/. per ann. and consequently will be 

the present value of the perpetuity of a pounds per ann.; 
hence any annuity divided by the interest of If. for one 
year, Is the value of the perpetuity. So, if the rate of in¬ 
terest be 5 per cent, and yearly payments, then a ss 
20a is the value of the perpetuity. Also a = 25o is 
the value of the perpetuity at 4 per cent. And =: 
33-}o is the value of the perpetuity at 3 per cent, in¬ 
terest. And so on. 

If the annuity is not to be entered oi^immediatcly, but 
after a certain time, as m years; then the present value of 
the rovereion is equal to ;Jic difference between two pre¬ 
sent values, the one of the first term of rn years, nnd 
the other fur the end of the last term n: that is, equal to 

the difference between 


1 

r—I 


1 
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^and-^ 

r* r—I 
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yearly, or half yearly, or quarterly, &c 

The present value of an annuity, is that sum, which, 
being improved at interest, will be sufiicient to pay the 
annuity. 

The present value of annuity certain, payable yearly, 
is calculated in the following manner.—L a* 1 the annuity 
be If. and let r denote the amount of If. for a year, or If. 
increased by its interest for one year. Then, I being the 
present value of the sum r, and having to find the present 
value of the sum 1, it will be, by proportion thus, r: I : : 

1 : ^ the present value of If. due a year hence. And for 

the same reason ^ is the present value of a pounds due a 

year hence; the present value being always in direct pro¬ 
portion to the yearly payment. So that, in what follows, 
we shall only consider the annuity as 1/.; and whatever 
results arc thus obtained, being multiplied by a, will cor¬ 
respond to 4n annuity of a pounds, 

Now since-is the present value of If, due a year 

hence, so likewise p will be the present value of If, due 2 

years hence; for r : i : ; i; 1. So also ji, p &c, 

will be the present value of If. due at the «id of 9, 4, 5, 

&c, years, respectively ; and in general, ^ will be the 

value of If. to be received after the expiration of n years. 

Consequently the sum of all these, or--4-p-4-p4.^4. 

&c, continued to n terms, will be the present value of all 
then years annuities. Ai\d the value of the perpetuity, 
is the sum of the scries continued to infinity. 

But this scriesy it is evident, is a geometrical progtes- 


Annuities certain differ in voluc, as tlicy are mode pay- 
ablcyrar^, half-yearly, or quarterly. And by proceeding 
as above, using the interest or amount of a half year, or a 
quarter, as those for the whole yenr were used, the fol¬ 
lowing set of theorems will arise; where r denotes, as be¬ 
fore, the amount of if. and its interest for a year, »nd n 
the number of years, during which, any annuity is to be 

• 1 ' I 

paid ; also p denotes the perpetuity y denotes 

j X — the present voluc of the annuity supposed 

payable ycnrlyi ii the present value of the same wlien it is 
payable half-yearly, and Q the same when payable quar* 
Icrly; or uiuvcrsolly, M the present value when it is pay¬ 
able every fn part of a year. 

Theor. ]. 


Theor. 2 . 
Tueor* 3 . 
Theor. 4. 


y = p — p X 


II = p — P X 


Q = p — P X 


(r)-. 




M =s P — P X (. 


m 


•r- 
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Exam, 1.—Let the rate of interest be 4 per cent, and 
the term 5-years; and consequently r =s 1'04, n s 5, p 
= 25aalso let m s: 12, or tbc interest payable monthly 
in theorem 4: then tbc present value of an onnuity of a 
pounds a year, for 5 years, according os it is supposed 
payable yearly, or every half year, or, every quarter, or 
every month or TJ,th part of a year, will be as follows; 

T r= 25 — 26 X '821.928 =s 4'45I8 

11 = 25 — 25 X *820348 = 4'4913 

Q = 25 “ 25 X '819543 = 4’5I14 

M = 25 - 25 X ‘818996 =s 4’525l 

Exam, 2. Supposing the annuity to continue 25 
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years, the rate of interest and every thing else being as be¬ 
fore; then the values of the annuities for 25 years will be 

Y 25 - 25 X -375118 = 15‘6221 

H = 25 - 25 X -371527 = 15-7118 

Q =5 25 - 25 X -369709 = 157573 - 

M = 25 - 25 X -368477 = 15 7881 

"Exam, 3. And if the term be 50 years, the values 
will be 

Y = 25 - 25 X -140713 =r 21-4822 

H = 25 - 25 X -1SS032 =: 21-5492 
Q = 25 - 25 X *136685 = 21-5829 

>i = 25 - 25 X -135775 = 2r6056 

Exam. 4 . Also if the term be 100 years, the values 
will be 

Y 25 - 25 X -019800 = 24 5050 

H = 25 — 25 X -019053 = 24-5237 

Q =: 25 - 25 X *018683 = 24*5329 

M = 25 — 25 X -018435 = 24-5391 

Hence the didercnce in the value by making periods of 
payments smaller, for any given term of years, is the more 
as the intervals are smaller, or the periods more frequent. 
The same dilTercncc is also variable, both as the rate of 
interest varies, and also as the whole term of years n 
varies ; and, for any given rale of interest, it is evident 
that the di tie fence, for any periods m of payments, first 
increases from nothing as the term n increases, from 0, to 
some* certain finite term or value ofn, when the difference 
D is the greatest or a maximum; and that afterwards, as 
n increases more, that difference will continually decrease 
to nothing again, and vanish when n is infinite: also the 
term or value of n, for the maximum of the difference, 
will be different according to the periods of payment, or 
value of m. 

Annuiiies may also be considered as In arrears, or as 
torborn, for any number of years; in which case each 
payment is to be considered as a sum put out to interest 
for the remainder of the term after the lime it becomes 
due. And as I/, due at the end of 1 year, amounts to r 
at the end of another year, and to at the end of the 3d 
year, and to at the end of the 4lh year, and so on; 
therefore, by adding always the last year's annuity, or 1, 
to the amounts of all the former yean, the sum of all the 
annuities and their interests, will be the sum of the foU 
lowing geometrical scries, I - -••••- 

1^ continued till the last term her*-*, or till the 
number of terms be h, the number of years the annuity \i 
lorborn. But the sum of this geometrical progression 1$ 

i 

" _ which [hcrcforc is the amount of 1 /. annuity for¬ 
lorn for n years. And this quantity being multiplied by 
a instead of 1 , will produce the amount for the annuity a. 

But the amounts of annuities, or their present values, 
are easiest found by the two following tables of numbers 
for the annuity of i/. ready computed from the foregoing 
pnnciples. 

1 3 tablb I. 

I The Amou nt o f an A nnuUy qf \l. at Comp. Jnltreit. 


a per 
cent. 

3} per 
tent. 

4 per 
eenf. 

cent. 

, 5 per 

1 cent. 

6 per 
eenc. 

1*00000 

1*00000 

1*00000 

1-00000 

1*00000 

1*00000 

2.03000 

2*03600 

2*04000 

2-04500 

2*05000 

2*06000 

3*09090 

3*10023 

3*12160 

8-13703 

3*15250 

3*16360 

4*ie3$3 

4*21494 

4*24646 

4-27819 

4-31018' 

4*37462 

t-30914 

5*36247 

5m632 

5-47071 

6*52563 

5*63709 


Table 1.—Continued. 

The nf on Annuity qf {1. at Comp. JnU^est, \ 

< 

1 at 3 per 

1 CCIH. 

per 

ceiii. 

4 per 

Ctlil. 

i[ prr 

C^hl. 

5 per 
cent. 

0 |<-r j 

ci'hi. 

6 

6*4684) 

0*55016 

6*63298 

6*71689 

6*80191 

6*97532 

4 

7*66246 

7*77941 

7*89d29 

8*01915 

814201 

8*39384 

H 

8.89234 

9*05169 

9 21423 

1 93800) 

9*54911 

9*89747 

9 

10*15911 

10*36850 

10*582«0 

10*8021 1 

1 )*(J2(jSb 

11*49112 

10 

)l*46i8B 

11*73139 

12*00611 

12*28821 

12‘57789 

13 1807.'/ 

11 

12*80780 

13*14199 

)3*48635 

13*841 18 

14*20679 

14*97164 

12 

! 14*19203 

14*60196 

15*02581 

15*46403 

^ l.V9iri3 

i 6*86994 

IJ 

15*61779 

16*11303 

16*62684 

17*15991 

17-71298 

18*88214 

14 

1708632 

17*67699 

18*29191 

18*93211 

iyo9<j6.i 

21*01507 

15 

18*59891 

19*29568 

20*02359 

20*78405 

; 2l*57';56 

1 

23*27597 

16 

20*15688 

20*97103 

21*82453 

22*71934 

23*65749 

25*67253 

17 

21*76)59 

22*70502 

23*69751 

24*74)71 

25*84037 

2d*2l288 

18 

23*41444 

24*49969 

25*64541 

26*85508 

28-J32JK 

30*90Sbo 

19 

2511687 

26*35718 

27*67123 

29*06356 

30*53900 

33*75999 

20 

26*87037 

28*27968 

29*77808 

31*37142 

33*06595 

36*7855,9 

21, 

28*67649 

30 * 26947 ' 

1 

31*96920 

33*783 U 

35*71925 

39*99273 

22; 

30*53678 

32*32«!‘)0| 

34 247971 

36*30338 

38*50521 

43*39229 

23 

32*45288 

34*4601) 

36*61789 

38*93703 

41*43048 

46*99581 

24 

34*42647 

: 36*66653 

39*08260 

41*68920 

44*50200 

50*81558 

'25 

36*45926 

38*94986 

41*64591 

44*56521 

47*72710 

54*86451 

26 

38*55.304 

' 41*31310 

44*31174 

47*57064 

51*11345 

59*15638 

27 

40*70963 

' 4375906 ' 

47*08421 

50*71132 

54*66913 

63*70577 

28 

42*93092 

46*29063 

49*96758 

53*99333 

58*40258 

68*52811 

29 

45*21885 

48*910801 

52*96629 

57*42303 

62*32271' 

73*63980 

30 

47*57542 

51*62268 

56*08494 

61*00707 

66*43885 

79*05819 

31 

50*00268 

54 * 42947 ' 

59*32834 

64*75239 

70 * 76079 ' 

84*80168 

32, 

52*50276 

57*33450 

62*70147 

68*66625 

75*29bt$3 

90*88978 

33 

55*07784 

60*34121 

66*20953 

72*75623 

80*06377: 

97*34316 

34 

57*73018 

68*45315 

69*85791 

77*03026 

85*06696 

104*18J7.'> 

33 

60*46208 

66*67401 

73*65222 

' 81-49662 

9032031 

1 1 1*43478 

3b 

63*27594 

70*00760 

*77*59831 

86*16397 

95-83632' 

119*12087 

371 

66*17422 

73*45787 

81*70223 

91*04134 

101*62811^127*26812 

38 

69*15945 

77*02889 

85*97034 

96*13820 

1077 09551)35*90421 

39 I 

1 

1 72*23423 

80*72491 

90*409)5 

101*46442 

114*09502 

145*05840 

•10 

75401-26 

84*35028 

1 95*02552 107*03032 

12079977 

154*76197 

41 

78*66330 

88*50954 

i 99*82654 112*84669 

127*83976 

165*04768 

42 

82*023-20 

92*60737 

104*8 iq60 

118*92479 

435-23175 

175*95054 

43 

85*48389 

96*84863 

110*01238 

125*27640 

142*99334 

187*50758 

44 

89*0484) 

101*23833 

115*41288 

131*91384 

151*14301 

199*75803 

45 

92*71986 

105*78167 

121*02939 

138-84997 

159*70016 

212*74351 

46 

96*50146 

110*48403 

126*87057 

146*09821 

168*68516 

226*50812 

47 

100*.39650 

115*35097 

132*94539 

153-67263 

178*11942 

241*09861 

48 

104*40840 

120*38826 

139*26321 

161*56790 

188*02539 

256*56453 

49 

108*54065 

1*25*60185 

145*83373 

169*85936 

198*42666 

272*95840 

SO 

112*79687 

1 

130*99791 

^152*66708 

178*50303 

209*34800 

290*33590 

51 

117*18077 

136*58284 

159*77377 

187*53566 

220*81540 

308*75606 

52 

121*69620 

142*36324 

167*16472 

196*97477 

232*85617 

328*26142 

S3 

1126*34708 

148*34595 

174*85131 

206*83863 

-245*49897 

348*97831 

54 

181*13750 

154*53806 

182*84536 

217*14637 

250*77392 

370*91701 


Tub Use op Table I. 


To find the Amount of an onmnVj^ forbom <m^ number qf 
yean. Take out the amount from the Isi table, for the 
proposed years and rale of interest; then multiply it by 
the annuity in question; and the product will be its 
amount, for the same number of years, and rote of in¬ 
terest.—And the converse, to find the rate or tiiiK*. 

Exam. I. To find how much an annuity of 50/. will 
amount to in 20 years at 3| per cent, compound interesl. 
—On the line of 20 years, and in the column of 3i per 
cent, stands 28*279^8, which is the amount of an annuity 
ot 1/. for the 20years; and therefore 28'279()8 multiplied 
by 50, gives 1413'984/. or l-t-lS/. 19<. 8d. for Utc answer. 

Exam, 2. In whut time will an annuity of 20/. amount 
to 1000/. at 4 per cent, compound interest ?—Here the 
amount of 1000/. divided by 20/. the annuity, gives 50, 
the ajnounl of 1 /. annuity for the same time and rate. 

R2 


4 
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Tlu*n, the ncAH'st ^ibiilar number in the column of 4 per 
Cent. i% 49 96758, wliicli standing on the line of 28 , shows 
tiiat 28 years is the answer. 

Eiam.3. If it be required to find at what rate of in* 
tor€3t an annuity of 20f. will amount to 1000/. forlorn 
for 28 years.—Here JOOO divided by 20 gives 50 os be¬ 
fore. Then looking along the line of 28 years, for the 
nearest to this number 50, we find 49'9(>73S in the column 
of 4 per cent, which is therefore the rate of interest re¬ 


quired. 



Table IF 

The pre^mi Value of nn Annuity of\i 

a 

•< 

a 

at J per 
cent. 

JjjKr 

cent. 

4 per 
cent. 

4jpef 

cent. 

3 per 
cent. 

6 per 
cent. 

T 

0*97087 

0*96618 

0*96154 

0956D4 

0*95318 

0*94340 

a 

1*91347 

1 *89969 

1*88610 

1*87367 

1*85941 

1 *03339 

3 

3*82861 

3*80164 

277509 

3*7485)6 

2*73325 

2*67.301 

4 

3*71710 

3 67308 

3*62990 

3*58753 

3*54595 

3*46511 

6 

4*07971 

4*5150.5 

4 45183 

4*38998 

4*32946 

4*31236 

G 

5*41719 

5*33855 

5*34314 

5*15787 

5*07569 

4*91732 

t 7 ! sumni 

6*11454 

6*00205 

5*09270 

5*70637 

5*58238 

1 

7*01969 

6d739(> 

673274 

6*59589 

6*46331 

6*30979 

1 ^ 

7*78611 

7*60769 

7*43533 

7*26879 

7*10782 

6*80169 

10 

i 

8*.‘)3030 

8*31661 

8*11090 

7*91272 

7*72173 

7*36009 

11 

9*25262 

9*00155 

876048 

8*53893 

8*30641 

7*88687 

12 

9*95400 

9*66331 

9*38507 

9*11858 

6*86325 

8*J8.)84 

13 

10*6.3496 

I0*.30274 

9*98565 

9*6'828j 

9*39157 

8*05260 

H 

11*29607 

10*92()52 

10*56312 

10*2228.1 

9*89864 

9*29496 

IS 

11*93794 11*51741 

I1*U839 

10 73955 »0*:{7966 

971325 

\6 

12*56110 

12*09412| 11 *66230 

11*33402 10 83777 

10*10590 

17 

13*16612 

12.651:12 12*16567 

11*70719 11*27407 

10*47726 

I 18 

1375351 

|:M896k{ 12*65930 

12*15999 11*68959 

10*82760 

id 

14*32.180 

1370984^13*13394 

12*59329 

12*085.32 

11*15612 

30 

N-87747 

14*21240 13*59033 

13*00794 

12*46221 

11*46992 

31 

15*41502 

14*69797^4 02916 

18*40473 

12*62115 

11-76408 

m 

15*91692 

15*I6;I2:N*45I 12 

13*76442 

13*16.300 

12*04158 

23 

16*44361 

15*62041 

14*85684 

14*14777 

13*408.57 

12-30338 

24 

16*915.54 

I6*058:i7| 15*24696 

14-49548J379B64 

12*55036 

25 

17*41315 

16*48151115*62208 

14*82821 

14*09394 

12 783J6 

2C 

17 87684 

16*89035 

15*98277 

15*14661 

14*37519 

13*00317 

U? 

18‘3270J 

17*28516 

16*32959 

15*45130 

14*64.30 ' 

13*31053 

m 

18*76411 

17*66702 

16*66306 

15*74287 

14*09813 

13*40616 

39 

19*18845 

18*01577 

16*98.371 

16*02189 

15*14107 

13*59072 

30 

'l9*G0044 

18*39205 

17*29203 

16*28889 

I5*:i7245 

13*76483 

31 

20*000 i3 

18*73628 

17*58849 

16*54439 

15*59281 

13*92909 

m 

20*38877 

f 19*06887 

17*87355 

16.78689 

15*80260 

14*08404 

Ua 

20*76579,19*19021 

18*1476.5 

17-02286 

,16*0025.5 

14*23023 

34 

3H .3184 19*70068 

18*41120 

,17*24676 

16*19290 

14*36814 

ps 

31*487*23 

120*00066 18*66461 

I7*46l0t 

16-37419 

14*49825 

136 

31*83225 

20*29049 

18*90828 

17*66604 

16*54685 

14-62099 

I 37 

237672 4 

20.67053 

19*14258 

17*86324 

16*71129 

14*7.1678 

m 

32*4924G 

20*84109 

19*36786 

10*04999 

16*86789 

14*64602 

19 

32*8082J 

^21*10250 

19*56448 

18*22966 

17111704 

14*94907 

r 

133*1147; 

21*36507 

19*79377 

18*40158 

17*15909 

15*04630 

41 

1 33«4134( 

>21*59910 

19*99305 

18*56611 

17*29437 

15*13803 

U: 

1 3370131 

) 21-83408 

30*16563 

18*72355 

17*42321 

15*32454 

[42 

123*98191 

) 22*06261) 

1 30*37079 

18*87421 

17*54591 

15*30617 

144 

1 34 * 2542 ; 

^ 22*28275 

120*54884 

19*01838 

17-6627? 

15*38318 

k 

;34*5trt7 

i 22*49541 

i 20*72004 

19*15635 

17*77407 

15*45583 

\ii 

}34 77“ i: 

1 22*7009; 

1 20*8846S 

19*28837 

17*68007 

15*52437 

nt 

^35.(1/4 7 

1 2m8994< 

1 21*04294 

19*41471 

17*90102 

15*58903 

k 

1 35.2667 

1 23*0912- 

1 .^1-1951:^ 

19*5.1561 

18*07716 

15*6.5003 

Ui 

135*5016< 

■i 23*27651 

> 21-.14141 

^ 196513C 

18*16072 

15*70757 

k 

136*72971 

S 23*4556: 

4 21-48211 

! 19*76201 

18-2559.1 

15-76186 

pi 

1 25*9613: 

3 23*6386: 

/ 21*61741 

) 19*86791 

> 18*33896 

19*81308 

k 

\ 26*1662. 

4 2.3*79571 

S 2174751 

1 19*9693: 

110*41807 

15*86139 

k 

1 26*3749i 

5 23*95721 

1 21*8726; 

; 20*0663* 

} 18*4934C 

15-90697 

\S4 

26*57761 

9124*11330|21-99296 20*1 5911 

; 18-56511 

>115*04998 


The Use up Table U. 

Eram. 1. Ti* find the present value of ait annuity of 50/* 
which i$ to continue 20 years, at Si per cent*—By the 
tablci the present value of !/• for the same rate and time, 


is 14*21240; therefore 14*2124 x 50 az 710*62/. or 710/. 
125. 4d. is the present value sought. 

£jam. 2. To find the present talue of an anttuily of 
20 /. to commence 10 years hence, and then to continue 
for 40 years, or to terminate 50 yt^ars hence, at 4 per 
cent, interest.—In such cases as this, it is plain we have 
to find the difference between the present values of two 
equal annuities, for the two given times; which therefore 
will be effected by subtracting the tabular value of the 
one term from that of the other, and multiplying ly the 
annuity. Thus, 

tabular value for 50 years 21*48218 
tabular value for 10 years 8 * IIO 9 O 

the difference 13*37128 
mult, by - • 20 

gives - - 267*4256 

or •• - 267 /.85.6</. the answer. 

The foregoing observations, rules, and tables, contain 
all that is important in the doctrine of annuities certain. 
And for further information, reference may be had to 
arithmetical writings, particuIarly'Malcoln/s Arithmetic, 
page 595 ; Simpsons Algebra, sect. 16 ; Dodson*s Mathe¬ 
matical Kepository, page 298 , ; Jones's Synopsis, cli* 

10 ; Philos. Trans, vol. )xvi, page 109 . 

Fur \vhat relut<*s to the doctrine of annuities on lives; 
see Assurance, Cumvlemlnt, ExPF.CTATiolt, Life 
Annuitils, Reversions, \c. 

ANNULETS, in Architecture, are small square mem¬ 
bers, in the Doric capital, placed under the quarter 
round. 

Annulet is also used for a narrow fiat moulding, com¬ 
mon to other parts of a column, as well as to the capital > 
and $0 called, because it encompasses the column around. 
In which sense annulet is frequently used for baguette, or 
little astragal. 

ANNULUS, a species of Voluta. See also Ring. 

ANOMALIS'l ICAL Year, in j\stronomy, called also 
periodical year, is the space of time In which the earth, 
or a planet, passes through its orbit. The anonmlistical, 
or common year, is somewhat longer than the tropical 
year ; by reason of the prcces^ion of the equinox. 

And the apses of ul) the plam ts have a like progressive 
motion; by v\hich it happens, that a longer time is neces¬ 
sary to arrive at the aphelion, which has advanced a little, 
than to arrive at the same fixed star. For example, the 
tropical revolution of the sun, with respect to the equinox, 
is - - - - 365 ^ 5^ 48* 45*; 

but the sidereal, or return to the 

same star, - • - 365 6 9 10| 

and the anomalistic revolution is 365 6 15 20, 

because the sun’s apogee advances each year 65"^ with 
respect to the equinoxes, and the sun cannot arrive at the 
apogee till he has passed over the 65'^i more than the re* 
volution of the year answering to the equinoxes. 

To find the anomalistic revolution, say, As the whole 
iccular motion of a planet minu^ the motion of its aphelion, 
is to 100 years or 3155760000 seconds, so is 360®, to the 
duration of the anomalistic revolution. 

ANOMALOUS, is something irregular, or that deviates 
from the ordinary rule and method of other things of (he 
same kind. 

ANOMALY, in Astronomy, is an irregularity in the 
motion of a planet, by which it deviates from the aphelion 
or aj)ogec; dr it is the angular distance of (he planet from 
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the apbeliou or apogee; that is, the angle formed by 
the line of the apses, and aDOthcr line drawn through the 
planet. 

Kepler distinguishes three kinds of anomaly; mean, 
eccentric, and true. 

Mean or SimpU Anomalv, in the ancient astronomy, 
is (he distance of a planet’s mean place from the ap<»gee. 
Which Ptolemy calls the angle of (he mean motion* 


But in the modern astro* 
nomy, in which a planet P 
is considered as describing 
un ellipse apb about the 
sun s, placed in one focus, 
it is the time in which (he 
planet moves from its aphe¬ 
lion a, to the mean place or 
point of its orbit. 

Hence, as the elliptic 
area asp is proportional to 
the time in which the planet describes the arc ap, that 
area may represent the mean anomaly.—Or, if pd be 
ilrawn pcTpcndicular to (be transverse axis ar, and moot 
the circle in D described on the same axis; then (he 
meeA anomaly may also be represented by the circular 
Crilineal asd, N\nich is always proportional to the elliptic 
one ASP, as is proved in my Mensuration, pr. 8, page 223, 
4th cr|ition«~Or, drawing so perpendicular to the radius 
PC produced; then the mean anomaly is also proportional 
to so -t- the circular arc ad, as is demonstrated by Keil 
in his Lect. Astron.—Hence, taking dh =sa, the arc 
AH, or angle ach will be the mean anomaly in practice, 
as expressed in degrees of a circtci the number of those 
degrees being to 360^, as the elliptic trilineal area asp, is 
to the whole areaof the ellipse; the degrees of mean ano¬ 
maly, being those in the arc ah, or angle ach. 

Eccentric Anosialy, or qf centre^ in the modem 
astronomy, is the arc ad of the circle adb intercepted 
between the aphelion a, and the point p, determined by 
the perpendicular ppe to the line of the npses, drawn 
through the place p of the planet. Or it is the angle 
acd at the centre of the circle.—Hence the eccentric 
anomaly is to the mean anomaly, as a d to ad 4- so, or as 
AD to' AH, or as the angle acd to the angle ach. 

True or EqtMicd Akoualy, is the angle asp at the 
sun, which the planet’s distance ap from the aphelion, 
appears under; ur the angle formed by the radius vector, 
or line sp, dr^wn from the sun to the planet, with the 
line of the apses. 

The true anomaly being given, it is easy from it to 
find the mean anomaly. For the angle asp, which is the 
true anomaly, being given, tbo point p in the ellipse is 
given, and thence the proportion of the area asp to the 
whole ellipse, or of the mean anomaly to 36o degrees. 
And for this purpose, the following easy rules for practice 
are deduct'd from the properties of the ellipse, by M. dc 
la Caille, in his Elements gf Astronomy, and M. dc la 
I^ndc, art. 1240 &c of his Astronomy: 1st, as the square 
root of SD tbe perihelion distance, is to the square root of 
a A the aphelion distance, so is the tangent of half the true 
anomaly asp, to tbe tangent of half the eccentric ano- 
maiy acd. 2d, The difference Pii or so between tbe 
eccentric and mean anomaly, is equal to the product of 
the eccentricity cs, by the sine of sco the eccentric ano* 
maly just found. And in this case, it is proper to express 
tbe eccentricity in seconds of a dcgrccj which will be 



found by this proportion, as the mean distance 1 . liie ec¬ 
centricity : ; 2062fi4\S sicoiids, or 57*^ 17' iii the 

arch ^^hose length is ccpnil to the mdius, to the second'^ in 
tlie arc which is equal \o the eccentricity cs; which being 
multiplied by tbe sine of tbe eccentric anomaly, tora<lius 
1, as above, gives the seconds in so, or in the arc du, 
being the dilVertnce between the mean and eccentric ano¬ 
malies. 3d, 'lo find the radius vector sp, or distance of 
the planet from the sun, say citlior, as (be sine of the true 
anomaly is to the sine of the ccceuiric anomaly, so is half 
the less axis of the orbit, to the radius \cctor sp; or as 
the ::ine of balflhc true anomaly is to the dine oi half the 
eccentric anomaly, so is ilic square root of the perihelion 
distance SB, to the square root of the radius vector, or 
planet's distance sp. 

But the mean anomaly being given, it is not so easy to 
find the true anomaly, ut least by a direct process. Kepler, 
who first proposed tins problem, could not find a direct 
way of resolving it, and theix^fore made use of an indirect 
one, by the rule of false position, as may be seen page 
693 of Kepler's Kpitom. Astron. Copcrnic. Sec also $ 628 
Wolfius Llem. Astron. Now the easiest method of per¬ 
forming this operation, would be to work first for tbe ec¬ 
centric anomaly, vk, assume it nearly, and from it, so as¬ 
sumed, compute what would be its mean anomaly by the 
rule above given, and find the difference between this re¬ 
sult and the mean anomaly given ; then assume another 
'eccentric anomaly, and proceed in the same way with it, 
finding anotherroinputed mean anomaly, and itsdifforence 
from the given one; and treating these difiiTcnccs as in (be 
rule of position fora nearer value of the eccentric ano¬ 
maly; repeating the operation till tbe result comes out 
exact. Then, from the eccentric anomaly, thus found, 
compute the true anomaly by the 1st rule above laid down. 

Of this problem, Dr. Wallis first gave the geometrical 
solution by means of the protracted cycloid; and Sir 
Isaac Newton did the same at prop. 31, lib. 1 Princip. 
But those methods being unfit for the purpose of the prac¬ 
tical astronomer, various series for approximation have 
been given, viz, several by Sir Isaac Newton in his Frag- 
nienta Epistolarum, page 26, as also in the Schol. to the 
prop, above-mentioned, which is hts best, being not only 
proper for the .planets, but also for the comets, whose or¬ 
bits arc very eccentric. Dr. Gregory, in his Astron. lib. 
3, has also given the solution by a scries, as well as M. 
Rcyneau, in his Analyse Dcinonlr^e, p. 713, &c. And a 
belter still for converging is given by Keil in his Prcelect. 
Astron. p.375: he says, if the arc ah be the mean ano¬ 
maly, calling its sine e, cosine /, the eccentricity also 
putting z and a = 1 then the eccentric ano¬ 
maly AD Will be X (1 — ^ &c), supposing r = 

57^29576 degrees; of which the first term - is sufficient 

a 

for all ibe planets, even for Mars itself, where the error 
will not exceed the 200th part of u degree; and in the 
orbit of the earth, the error is less than the lOOOQtb part 
of a degree. 

Dr. Seth Ward, in his Astronomia Gcomctrlca, takes 
the angle a,? at the other focus, wh^rc the sun is not, for 
the mean anomaly, and thcncc gives an elegant solution. 
But this method is not sulBcieutly accurate when (he or¬ 
bit is very eccentric, as in that of tho planet Mars, as is 
shown by Bullialdus, in his defence of the Phitolaic. 
Astros, against Dr. Ward, However, when Newton’s con. 
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VI flion is made, as in the schol. above-mentioned, and the 
nroblem rcsolvcil acconling to Ward’s hypothesis, Sir 
Isaac aflirms that, even in the orbit of Mars, there will 
scarce ever be ati error of more than one second. 

ANS/E, Assrs, in Astronomy, those seemingly pro- 
minent parts of tlie ring of the planet Saturn, perceived in 
its opening, and appearing like handles to the body ol the 
planet; from «hich appearance the name ansa; is taken. 

ANSEU, in Astronomy, a small star, of the 5th or 6'th 
magnitude, in the milky-way, between the eagle and swan, 
fif't bniught into order by Hevelius. 

ANTAIICTIC pole, denotes the southern pole, or 
southern cud of the earth's axis.—The stars near the an¬ 
tarctic pole never appear above our horizon in these nor¬ 
thern latitudes. 

ANTAIICTIC circle, is a sm.ill circle parallel to the 
equator, at the distance of 23“ 28' from the antarctic or 
south pole.—At one time of the year the sun never rises 
above the horizon of any part within this circle; and at 
other times he never sets. 

ANTAllF.S, in Astronomy, the scorpion’s heart; a fixed 
star of the first magnitude, in the constellation Scorpio. 

ANTECANIS, is used by some astronomers, to denote 
the constellation otherwise called Canis Minor, or the 
star Erocyon. It is so calhd, as preceding, or being 
the forerunner of, the Canis Major, and rising a little be- 

forc iL , f 

ANTECEDENT, of arntio, denotes the first of the 

two terms of the ratio, or that term which is compand 
with the other. '1 hus, if the ratio be 2 to 3, or « to b; 
then 2 or « is the antecedent. 

ANTECEDENTAL Method, is a branch of general 
geometrical proportion, or universal comparison, and is 
derived from an examination of the .Anleci dcnls of ratios, 
having given consequents, and a given standard of com¬ 
parison, in the various degrees of augmentation and dimi¬ 
nution, which they undergo by composition and decom¬ 
position. This is a method invented by Mr. James Glenie, 
and published by him in 1793 5 » method which he says 
he always used instead of the flu.xional and differential 
methods, and which is totally unconnected with the ideas 
of motion and lime. See ibc author’s treatise above- 
mentioned, and also his Doctrine of Universal Compa* 
riion, or General Proportion, 1789, upon which it is 
founded. 

ANTECEDENTIA, a term used by astronomers when 
A planet dee moves westward, or contrary to the order of 
the signs urics, taurus, &c. When it moves eastward, or 
according to the order of the signs arics, taurus, &c, it is 
then said to move in consequentia. 

ANTECIANS, or Antoeci, in Geography, the inha¬ 
bitants of the earth which occupy the same semicircle of 
the same meridian, but equally distant from the equator, 
the one north and the other south; os Peloponnesus and 
the Capo of Good Hope. 

These have their noon, or midn’^ht, or any other hour 
at the same time; but their seasons are contrary, being 
spring to the one, when it is autumn with the other; and 
summer with the one, when it is winter with the other; 
also the length of the day to the one, is equal to the length 
of night to the other. 

ANTES, in Architecture, arc small pllastres placed at 
the corncra of buildings. 

ANTICS, in Architecture, figures of men, beasts, &c, 
placed as ornaments to buildings. 


ANTICUM, in Architecture, a porch before a door; 
also that part of a temple, which is called the outer tem¬ 
ple, and lies between the body of the temple and the 
por(ic<>. 

AN riLOG.MlITHM, the complement of the logarithm 
of a sine, tangent, secant, &c, to that of the radius. Ibis 
is found by beginning at the left hand, and subtracting 
CHcb iiguic from 9> but the last figure from 10. 

AN'l'lNOUb, in Astronomy, a pan of the constella¬ 
tion aquila, or the eagle. 

ANTIOCHIAN Sect, or Academy, a name Riven to the 
fifth academy or branch of academics. It to^* its name 
from being founded by Antiochus, a philosopher contem¬ 
porary with Cicero; and it succeeded the Philonian aca¬ 
demy. Though Anliochtis was really a stoic, and only 
nominally an academic. 

Antioch I AN epocha, a method of computing time from 
(he proclamation of liberty granted to the city of Antioch, 
about the time of the battle of Phnrsalia. 

ANTIPAUALLELS, in Geometry, ore those lines 
which make equal angles with two other lines, but con¬ 
trary ways; lhal is, calling the former pair the 1st and 
2d lines, and the latter pair the 3d and 4lh lines, if the 
angle made by tlic 1st and 3d lines be equal to the angle 
inude by the 2d and 4th, and contrariwise (lie angle made 
1>V the 1st and 4th equal to the angle made by the 2d and 
3*d; then ouch pair of lines are nimparulli-ls with respect 
to the oilier, viz, the 1st and 2d, an.l the 3d and 4tb. 
Thus, if AH and ac be any two lines, and ye and i s be 
two others, cutting them so, 

that the angle d is equal to the angle e, 
and the angle c is equal to the angle D ; 

(hen DC and pb are nnliparallcU with respect to ao and 
ac; also these latter arc antiparallels-with regard to tho 
two former.—bee also Su bcontrahy. 

It is a property of these lines, that each pair cuts the 
other into proponional segments, taking them alternately, 
viz, AD : AC: : ab : AD : : DB : Be, 
and EE : re :; ED : FD :; DB : EC. 

A 



ANTIPODES, in Geography, ore the inhabitants of 
two places on the earth which lie diametrically opposite 
to each other, or that walk feet to feel; that is, if a lino 
ba continued down from our feet, quite through the cen¬ 
tre of the earth, till it arrive at the surface on the other 
side, it will fall on the feet of our Antipodes, and vice 

versa.-Antipodes arc 180 degrees distant from each 

other every way, on the surface of the globe; they have 
equal latitudes, the one north and the other south, but 
they differ by 180 degrees of longitude: they have there¬ 
fore the same climates or degrees of beat and cold, with 
the same seasons and length of days and nights; but all 
of these at contrary times, it being day to the one, when 
it is night to the other, summer to the one when it is win¬ 
ter to the other, &c: they have also the same horisoti, tb4. 
one being as far distant on.tbe one side, as the other on 
the opposite, and therefore \fhcn the sun, &C, rises to the 
one, it sets to the other. The Antipodes to London arc a- 
part a little south of New Zealand. 

It has been said that Plato hist started the notion of 
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Antipodes, and gave them the name; which is likely 
enough, as he conceived that the earth was of a globular 
figure. Uut there have been many disputes <ni this point, 
the fathers of the church having greatly o|)pos<'d it, espe¬ 
cially I^ct^ntius and Augustine, who pr(*ii*ndcd to laugh 
at it, and wore greatly perplexed to think liow .inca.and 
trees should hang pendulous in the air with their feet up¬ 
permost, as they thought must be (he case in the other 
hemisphere. 

ANTISCIANS, or ANTISCII, in Geography, arc peo¬ 
ple who dwell in the opposite hemispheres of the earth, as 
to north and south, and wt^c shadows at noon fall in con¬ 
trary directions. This term i^morc gcnorul than antorci, 
with which it is often confounded. The Antiscians stand 
contradistinguished from Pcriscians. 

AN'l(E(?I,^see Anteciaks. 

APERTURE, in Optics, is the hole next the object-' 
glass of a telescope or microscope, through which die 
light and the image of the object come into the tube, and 
arethcucc conveyed to (he eye. Aperture i$ also under¬ 
stood of that purl of the object-glass itself which covers 
the former, and which is left pervious to the rays. 

A great deal depends on having a just aperture.—To 
find it experimentally: apply several circles of dark pa¬ 
per, of various si 2 c*s, on tlic face of (he glass, from the 
breadth of a straw, to such as leave only a small hole in 
the glass; and with each of these, separately, view some 
distinct objects, as the moon, stars, &c; (hen (bat aper¬ 
ture is to be chosen through which they appear the most 
distinctly. 

Huygens first found the use of apertures to conduce 
much to the perfection of telescopes; and be found by ex« 
pcriencc (Dioptr. prop. 56) that the best aperture for an 
object-glass, for example of 30 feet, is to be dctcrminc'd 
by this proportion, as 30 to 3, so is the. square root of 30 
tiiues the distance of the focus of any lens, to its proper 
aperture: and that the focal distances of the eye-glasses 
are propcftional to (he apertures. And M.Auzoutsays 
be found, by experience, that the apertures of telcscopc^s 
ought to be nearly in the subdupiicatc ratio of their 
lengths. It has also been found by experience that ob¬ 
ject-glasses will admit of greater apertures, if the tubes 
be blacked within side, and their passage furnished with 
wooden rings. 

It is to bo noted, (hat the greater or less aperture of an 
object-gbiss, does not increase or diminish the visible area 
of tlie object; all that is effected by this, is the admit* 
tance of more or fewer rays, and consequently the ap¬ 
pearance of the object more or less bright. But the 
largeness of the aperture or focal distance, causes the ir* 
regularity of its refractions. Hence, in viewing Venus 
through a telescope, a much less aperture is to be used 
than for the moon, or Jupiter, or Saturn, because her 
light is so bright and glaring. And this circumstance 
somewhat invdidates and disturbs Auzout^s proportion, 
as is shown by Dr. Hook, Philos. Trans. No. 4. 

APERTone in Hydraulics. See IlYDRAUtrcs. 

APHEUON, or Apiieuvsi, in Astronomy, (hat point 
la the orbit of the earth, or a planet, in which it is ai (he 
greatest distance from tbesun«.w Which is the point a (in 
the fig. to the art. AvoM\h^ or extremity of the trans* 
verse axis, of (ho elliptic orbit, farthest from the focus 
where the sun is placed; and diametrically opposite to the 
perihelion b, or nearer extremity of the same axis. In the 


Ptolemaic s)*stem, or in the supposition that th( n 
about the earthy the aphe lion becomes the apogee. 

The times of the u[>lH'liu of tlie primary planets, may 
be known by their ap[)areia diameter appearing the small¬ 
est, and also by ihoir moving slowest in a given lime: and 
the same of the moon's apogee. Calculations and me¬ 
thods of finding them have bei*n given hy many astrono¬ 
mers, as Riccioli, Almag. Nov. lib. 7, sect. 2 aiul 3; WoU 
fius, Elcm. Aslron. 5 059; Uf- Halley, Philos. Trans. 
No. 128; Sir 1. Newton, Princip. lib. 3 , prop. 14; Dr. 
James Gregory, .\stron. lib. 3, prop. 14; Keil, Astron. 
Lect.; DclaLande, Mcinoircsde TAcad. 1755,1757,1766, 
and in his Aslron. liv. 22; atsoin the writings of MM. Eu¬ 
ler, D’Alembert, Clairaut, &c, on attraction; V'ince's 
Astron.; vol.i, p. 133; and*Gregory's Astron. p. 220. 

The aphelia of the planets are not fixed; for their mu¬ 
tual actions on one another keep those points of their 
orbits in a continual motion, which is greater or less in 
the dificrent planets. This motion is made in consequentia, 
or according to the order of the signs; and Sir I. Newton 
shows timt it is in (ho ses<|uiplicatc ratio of the distance 
of the planet from the sun, that is, as tlie S(|uarc root of 
the cube of the <)is(,ince. 

The quantities of this motion, as well os the place of 
the aphelion for a given time, are variously given by dif- 
fereiu authors. Kepler states them, for the year 1700, ns 
in the following table. 


* Pl^neu. 

Mercury 

Venus 

iMars 

Jupiter 

Saturn 

The Earth 




Aphrlifm. 
8“ 25’ 


3 

0 

8 

28 

8 


2 + 

5] 

10 

3 

25 


30" 

27 

29 

40 

48 

30 


Annual Motion. 
1' 45" 

1 18 
I 7 
0 47 

1 10 


By De la Hire they arc given as follows, for the same 

year 1700. 

Plwteit. I A|ihclioii. I Annual Motion. 

Mercury 
Venus 
Mur$ 

Jupiter 
Saturn 

And Lalandc stales them as follows, fon the year 1750, 


yf 

130 

3' 

40" 

1' 

39" 


6 

56 

10 

1 

2 b' 


0 

35 

25 

1 

7 

.Ss 

10 

17 

U 

. 1 

34 


29 

14 

41 

1 

22 


PUneii. 


Aphelion. 


1 SccuUr Motion. 

Mercury 

8* 

ISO 

33' 

10 

57' 

40" 

Venus 

10 

8 

13 

4 

10 

0 

Mars 

5 

1 

28 

1 

51 

40 

Jupiter 

6 

10 

22 

1 

43 

20 

Saturn 

8 

29 

53 

2 

23 

20 

The Earth 

9 

8 

38 

1 

49 

10 

And for the 

3 ’car 1800, they are thus: 


Punei.. 

• 

Aphelion. 


Scculv Motion. 

Mercury 

8‘ 

140 20' 

50" 

10 

33' 

45" 

Venus 

10 

7 59 

1 

1 

21 

0 

I^Iars 

5 

2 24 

4 

1 

51 

40 

Jupiter 

6 

11 8 

20 

1 

34 

33 

Saturn 

8 

29 4 

11 

1 

50 

7 

Herschcl 

11 

16 30 

31 

' 1 

29 

S 


lation Gemini. 

APllRODISIUS, in Chronology, denotes the eleventh 
month in the Bithyniaii year, commencing on the 25th of 
July in ours. 

APIAN or Appian (Peter), called in German Dio- 
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mnvilz, a cclfbratctJ aslronotriT and mathematician, was 
born at Li isnio or Lcipsick in Misnia, 1495, and became 
professor of inaibcinatits at Ingolstadi, in 1524, where he 
(lic.l in the year 1552, at 57 years of age. 

Apian wrote treatises on many of the mathematical 
stieiKO, and greatly improved them ; more especially 
astronomy and astrology, which in tliat age were much 
the same thing; also geometry, geography, arithmetic, 
i^vc. He particularly enriched astronomy with many in¬ 
struments, and observations of eclipses, comets, &:c. His 
principal work was the Astronomicum Cajsareum, pub¬ 
lished in folio at Ingolstadt in 1540, and which contains a 
number of interesting observations, with the descriptions 
and divisions of instruments. In this work he predicts 
eclipses, and constructs the figures of them in piano. In 
the 2<1 part of the work, or the Mctcoroscopium Planum, 
he gives the description of the most accurate astrotiumical 
quadrant, and its uses. To it arc adiled observations of 
five (lillcrent cornels, viz, in the years 1531, 1532, 1533, 
1538, and 1539; where he first shows that the tails of 
comets arc always projected in a direction from the sun. 

Apian also wrote a treatise on Cosmography, or Geo¬ 
graphical Instruciion, wiili various mathematical instru* 
meats. This work ^'o$>^u$ says he published in 1524, 
and that Gemma Frisius republished it in 1540. But 
Weicller says he wrote it only in 1530, and that Gemma 
Frisius published it at Antwerp in 1550 and 1584, with 
observations of many eclipses. The truth may be, that 
perhaps all these editions were published. 

In 1533 he made, at Norimborg, a curious instrument, 
which from its figure he called Folium Populi; which, by 
the sun’s rays, showed the hour in all parts of the eorth, 
and even the unequal hours of the Jews. 

In 1534 he published his Inscripiiones Orbis. 

In 1540, his Instrumentum Sinuum, sive Primi Mo- 
bilis, with 100 problems. 

Beside these. Apian was the author of many other 
works : among which may be mentioned the Epheincridcs 
from the year 1534 to 1570: Books upon Shadows: 
Arithmetical Centilogucs: Books upon Arithmetic, with 
the Rule of Coss-(Algebra) demonstrated: On Gauging: 
Almanacs, with astrological directions: A book on Con¬ 
junctions: Ptolemy, with very correct figures, drawn in 
a quadrangular form: Ptolemy’s works in Greek: Books 
of Eclipses: the works of Azoph, a very ancient astro¬ 
loger: the works of Gebre: the Perspective of Vitello: of 
Critical Days, and of the Rainbow: a new Astronomical 
and Geometrical Radius, with various uses of Sines and 
Chords: Universal Astrolabe of Numbers; Maps of the 
World, and of particular countries: Ac, &c. 

Apian left a son, who many years afterwards taught 
mathematics at Ingolstadt, and at Tubinga. Tycho has 
preserved (Projy-mn. p.643) bis letter to the Landgrave 
of Hesse, in which he gives an opinion on the new star in 
Cassiopeio, of the year 1573. 

One of the comets observed by Apian, viz, that of 1532, 
had its elements nearly the same as of one observed 128} 
years after, viz, in l66l, by Hevelius and other astro¬ 
nomers; and hence Dr. Halley judged that they were the 
same comet, and that therefore it might be expected to 
appear again in the beginning of the year 1789 . But it 
was not found that it returned at this period, though the 
astronomers then looked anxiously fur it; and it is 
dpubtful whether the diiappointment might be owing to 
its passing unobserved, or to any errors in the observations 


of Apian, or to its period being disturbed and greatly al¬ 
tered by the actions of the superior planets, Ac. 

APIS, mutca, the Bee, or fly, in Astronomy, one of the 
southern constellations, containing 4 stars. 

APOGEE, Apoqaum, in Astronomy, that point in the 
orbit of the sun, moon, Ac, which is farthest distant from 
the earth. It is at the extremity of the line of the apsi-s; 
and the poittt opposite to it is called the perigee, where 
the distance from the earth is the least. 

The ancient astronomers, considering the earth as the 
centre of the system, chiefly regarded the apogee and'pC- . 
rioee: but the moderns, placing the sun in the cenfft, 
change these terms for the aphelion and perihelion.-*- 
The apogee of the sun, is the same thing as the aphelion 
of the earth; and the perigee of the sun is titc same as the ^ 
perihelion of the earth. 

The manner of finding the apogee of the sun or moon, 
is shown by Ricciolus, Almag. Nov. lib. 3, cap. 24; by 
Wolfius in Elem. Astr. }6l8; by Cassini, IX; la Hire, and 
many others: see also Memoires dc I’Acadcmie, the 
Philos. Trans, vol. 5, 47, Ac. 

The apogee and perigee, or the higher and lower apses, 
would be two fi.Tcd points, if the moon, or planet, wera 
only acted on by the single body about which they revolve 
in an elliptic orbit. But, by the compound actions of 
the other planets, those points become changed, as if the 
orbit itself had a motion about its lower focus. The 
moon, in particular, has her regular orbit about the earth 
disturbed, and that in an irregular manner, according to 
their different positions with regard to the earth. 

The quantity of motion in the apogee may be found by 
comparing two observations of it made at a great distance 
of time; converting the difference into minutes, and divi¬ 
ding them by the number of yean elapsed between the 
two observations; the quotient gives the annual motion 
of the apogee. Thus, from an observation made by Hip¬ 
parchus in the year before Christ 140, by which the sun’s 
apogee was found ifi SO' of n; and another made by Ric- 
ciolus, in the year I 646 , by which it was found 7® 26' of 
0 : the annual motion of the apogee is found to be I* 2*. 
And the annual motion of the moon’s apogee is about 
1* 10® 39^ 52". 

But the moon’s apogee moves uncquably. When she 
is in the syzygy with the sun, it moves forwards; but in 
the quadratures, backwards; and these progressions and 
regressions arc not equable, but it goes forward slower 
when the moon is in the quadratures, or perhaps goes re¬ 
trograde ; and when the moon is in the syzygy, it goes for¬ 
ward the fastest of all.—See the articles Aphblioh, 
Apsis, and Laplace; also Newton’s Theory of the 
Moon, for more upon this subject, and his Princip. lib. >• 
pr. 43, 44, 45. 

APOLLODORU5, a celebrated architect, under Tra¬ 
jan and Adrian, was born at Damascus, and flourished 
about the year of Christ 100. He had the direction of 
the stone bridge which Trajan ordered to be built over the 
Danube in the year 104, which was esteemed the most 
magnificent of all the works of that emperor. Adrian, 
one day as Trajan was discoursing with this architect 
on the buildings he had raised at Rome, would needs 
give his judgment, iu which he showed that he knew no¬ 
thing of the matter. Apollodorus turned upon him blunt¬ 
ly, and said to him, Go paint Citruls, foryop are very ig¬ 
norant of the subject we arc' talking on. Adrian at this 
time boasted of his painting Citruls well. This vyas the 
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first step towards the ruin of ApoHodorus; h slip which 
he WAS so fur from atlcmpiing to retrieve, that he even 
added a new offence, and fliat too after Adrian was ad¬ 
vanced to the cnjpire, on the folloninj occasion: Adrian 
scut to him the plan of a leiiiple of Venus; and though 
he asked his opinion, yet lo show that he hud no need of 
him, and that he did not n)ean to he directed hy it, the 
tcnipic was already built. Apoilodorns wrote his opinion 
very fretdy, and remarked such essential faults in it, as 
the empen*r couhl neither deny iiur remedy* He showed 
that it was luither high enough nor large plough; tliat 
the statues in it were disproponioned to its bulk : for, said 
he, if the goddesses should huveu mind to ^i^c and go out, 
they could tmt do it. This put Adrian into a griac pas¬ 
sion, and prompted him to the destruction of Apollo<lorus* 
He hanislted him at fir^t; then under the pretext of cer¬ 
tain supposed crimes, of whi^h be* lj«id him accused, he at 
last put him to death. 

APOLLONIUS, of Perga, a city in Piunphylia, was a 
celebrated geometrician, who (louiisiied in the reign of 
Ptolemy Euergcles, about 12+0 years bcf</ro Christ; being 
about 160 years after Euclid, and iSf Ar¬ 

chimedes. He studied a long time in Alexandria under 
the disciples of Euclid; and afterwards he composed se¬ 
veral curious and ingenious geometrical works, of which 
only his books of Conic Sections arc now extant, and even 
these arc not perfect. For it appear^ from the author s de¬ 
dicatory epistle to Eudemus, a geometrician in Pergamus, 
that this work con>isted of 8 books; only 7 of which 
however have come dosyn to us. 

From the Collections of Pappus, and the Commentaries 
of Eutucius, it appears that Apollonius wu.s the author 
of various pieces in geometry, on «iGi:ount of uhich he 
acquired fhe title of the Great Geometrician. |lis Conics 
wai however the principal of them. Some have thought 
that Apollonius appropriated the writings and discoveries 
of Archimedes; Heracjius, who wrote the .life* of Archi¬ 
medes, afltrins it; though Eutocius eudcavotirs to refute 
him. But though it should be allowed a groundless sup¬ 
position, that Archimedes was the first who wrote upon 
conics, yet as his treatise on that subject was greatly 
cbto<*mecl, it is highly probable that Apollonius would 
avail biinscir of the writings of that author, as well as 
others who had gone before him; {tnd, uponMhe whole, 
he has*thg honour of cxplaitiing a difficult subject better 
than hud been done before; hafing rmde several im¬ 
provements, Ixith in Archimedes^s problems, and in Euclid. 
His work was doubtless the mo&t perfect of the kind 
among the uncients, and in some respects even ntnong the 
ihotJcrns. Before Apollonius, it bud been customary, as 
we orA informed* by Eutocius, for the writers on Conics 
to require three diiff*rent kinds of cones to cut the diffc- 
Teiit sections, from, viz, the parabola from a right-angled 
cone, the ellipse from an-acute, and the hyperbola from 
un obtuse cone; because they always suppos'd the sre- 
tious made by a plane cutting the cones to be perpen¬ 
dicular to the side of them but Apollonius cut his sec¬ 
tions all Ironnany one cone, by only varying .the incli- 
tiatioji or position of the cutting plane; an improvement 
that h;is l>cen followed by all other author* since bis time. 
But that Archhnedes was acquainted with the same man¬ 
gier of cutting any cone, is sufflcieritly proved, against 
Eutocius, Pappus, and othen, by Uuido Ubaldusi in the 
beginning of bis Commentary on the 2 A book of Archt- 
iiicdcs's Equipondcraiues, published at Pisa in 1588. 

VoL. I. 


The first four books of Apollonius’s ConicN only 
come down to us in lluir original (Jrcek laijguagc ; but 
the next three, ihc jih, Cnh, and 7th, in an Arabic \cr- 
sion ; and the Hih not nt all. These have been com¬ 
mented on, Irans^hitcd, and published by various authors. 
Pappus, in his Mathematical Collections, has left some 
account of his various w(>rks, with notes and lemmas up¬ 
on iliem, and particularly on the conics. And Eutocius 
wrote a regular elaborate commentary on the propositions 
of several of the books. 

The first four books were badly IrariHlalod by Joan. 
BapUsta Memmius. But a better tianviation of them in 
Latin \Mi$ made by Commandinc, and publi^^hed at Bo- 
nonia in 1566 Vossius mentions an edition of the Co¬ 
nics in l650 ; the 5th, 6 th,and7th books being recovered 
by Golius,—Claude Richard, professor of mathematics \a 
the imperial college of his order at Madrid, in the yc:ir 
l(>3i, explained, in his public lectures, the first fo'ir 
b(ioks of Apollonius, which were printed at Antwerp jji 
1655, in folio.—The Grand Duke Ferdinand the Qd, and 
his brother Prince Leopold de Medicis, employed a piu- 
fessor of the Orierftal languages at Rome to translate the 
5th, 6 th, and 7th books into Latin. These were )>ub- 
lisbed at Florence in l66l, by Borelli, with his own 
notes, who also maintains that these books arc the ge¬ 
nuine production of Apo|)omus, by many strong autho¬ 
rities, against Mydbrgius and others, who suspected that 
these three books were not the real production of Apol¬ 
lonius* 

As to the Sth, some mention is made of it in a woik 
of Goliuss, where he states that it had not been trans¬ 
lates! into Arabic; because it was wanting in (he Greek 
copies from ^t) 1 ich the Arabians translated the others. 
But the Icnrncd Mersenne, in tbc*prcfncc to Apollonius's 
ConicSi printed in his Synopsisof the Mathematics, quotes 
the Arabic philosopher Abeii Nedin for a work of his 
about the year 400 of Mahomet, in which is part of that 
Sth book, and who asserts that all the books of Apol¬ 
lonius are extant in his language, and even more than arc 
enumerated by Pappus ; and Vossiussays he has read the 
same; De Scientiis Mathematicis, pa. 55*-r—A neat edi¬ 
tion of the first four books in Latin was published by 
Dr. Barrow, in 4to, at London ind675.—A mai^nificent 
edition* of all the 8 books was published in fnliu, by 
Dr. Hpiloy, at Oxford in ^710; together with tlic Lem¬ 
mas of Pappus, and the Commentaries of Eutocius* 
The first four in Gret‘k and Latin, but the latter four in 
Latin only, the 8 th book being restored by himself—The 
other writings of Apollonius, mentioned by Pappus, are, 

1 . The Section of a Ratio, or Proportional-Section^, 
two books. 

5. The Section of a Space, in tw o books. 

3. Determinate Section, in two books. 

4. The Tangcncics, in two books. 

5. 'Fhe Inclinations, in two books. 

6 'Ihc Plane Loci, in two books. 

1 he contents of all these arc mentioned by Pappus, and 
many lemmas are delivered relative to them ; but none, 
or Very little of these books themselves have descended 
down lo the moderns. From the account however that 
has been given of their contents, many restorations have 
been made of these works, by the modem mathematicians, 
as follow: viz, 

Apollonius Callus. The Tangcncics. Paris 
ICOO, in4to. 
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S.ielliu^ Apollonius KaUtvus. Determinate Section, 
Luftd. 410. 

.SW/<K.». Scctio llalionii el Spatii. l607. 

iiheiaUius, Apollonius Redivivus. The Inclinations. 
Venice, l607, 4lo. 

Gheculdu^, .‘'upplement to the Apollonius Redivivus. 
TangencJCs. l607. 

Apollonius Redivivus, lib. 2. l6l3. 

Alej. Anderson, Supplcin. Apol. Redivivi. Inclin. Paris, 

lCl2,410. 

Ales. Anderson, Pro Zctetico Apolloniani problcmatis a 
se jam pridem edilo in Supplerocnto Apollunii Redivivi. 
Paris, 16’15, 4to. 

Schonien, Loca Plana rostituta. Lug. But. l65(r. 

Fermtil, Loca Plana, 2 lib. Tolos. l()79* folio. 

Halley, Apol. de Seciionc Rationis libri duo ex Arabico 
ilS. Latineversi <luo rcstiluti. O.von. 1700', 8vo. 

Sintson, Loca Plana, libri duo. Gla.sg. 1749, 4lo. 

5wjo 71, Scclii) Determinat. Glasg. 1770, 4to. 

Horsley, Apol Inclinal. libri duo. Oxotu 1770, 4to. 

Z/'iierox, TheTangencics, in two books. Lond. 1771> 4tn. 

Lawson, Determinate Section, twobuuks. Lund. 1772, 
4to. 

H'ales, Determinate Section, two books. Lond. 1772,4to. 

P. Giannini, Sectio Dcterminal. Parma, 1773, 4tu. 

Burrow, The Inclinations. Lond. 1779. 4to- 

APONO (Pkt£K de) a learned astronomer and plii- 
losoplicr, was burn at Apono near Padua, about the year 
1250. He described the Aslrolabjum Planum, by winch 
were shown the equations of the celestial houses, for any 
hour nnd minute, and for any part of the world : it was 
published at Venice in 1502. He acquired the name of 
the Conciliator, ou account of a book of his, in which he 
reconciles the writings of the ancient philosophers and 
physicians; the book wa^ published at Venice in 1483. 
He resided at Padua, where, from his practising medicinej 
and his skill in astronomy, he fell under the Suspicion of 
magic. 1 le died in 1316, at 66 years of age. 

APOPllYGK, in Architecture, is a concave part or 
ring of a Column, lying above or below the flat member; 
nnd it owes its origin to the ring by which the ends of 
wooden columns were hooped, to prevent them from split¬ 
ting. 

APOTOME, the remainder or difference between two 
lines or quantities which are only commensurable in 
power. Such is the difference between 1 nnd ^2, or the 
diffenmee between the side (jf the square and its diagonal. 

The term is used by Euclid; and a pretty full c.xpla- 
oatiui) of such quantities is given in the tenth book of his 
Elements, where he dfsiinguishcs si.x kinds of apoiomes, 
and shows how to 6nci them all geometrically. 

Apotomk Prima, is when the greater term is rational, 
and the difference of the squares of the two is a square 
number; Us the difference 3 — y^5. 

APoTOMP.Sfcundn, is when the less number is rational, 
^nd the scpiim' root of the difference of the squares of the 
two terms, has U> the greater term, a ratio expressible in 
numbers;' such isv^lS —4, because the difference of the 
squares 18 and l6 i$ 2, andj^2 is to 18 ns I to ^^9 
or as 1 to 3 

Apotom f. Terii/i, is when both the terms are irrational, 
and, as in the second, the square root-of the diSerence 
of their squares, has to the greater term, a rational ratio: 
its •/2'i — v' 18 ; for the difference of their squares 24 and 
] 8 is I), and is to vZ24 as vZl to i/i, or as Mo 2. 


Apotome Suorta, is when the greater term is a rational 
number, and the square rootof the difference of the squares 
of the two terms has not a rational ratio to it: as 4 — 
y/3, where the difference of the squares l6 and 3 is 13, 
and has not a ratio in numbers to 4. 

Avotome Quinta, is when the less term is a rational 
number,and the square root of the difference of the squares 
of the two has not a rational ratio to the greater: a^ 
j^6 — 2, where the difference of the squares 6 and 4 is 
2, and ^2 to y'6 or to y/'d or 1 to not a 

rational rati(^ 

Apotome orita, is where both terms arc irrational, nnd 
the square root of the difference of their squares has not a 
rational ratio to the greater; as vZ6 — i/2; where the 
difference of the squares 6 and 2 is 4, and to ^6 or 
2 to ^6, is not a rational ratio. 

- The doctrine of apotomes, jn lines, as delivered by Eu¬ 
clid in the (eiilh book, i.s a veiy curious subject, .ind has 
always been much admired and cultivated by nil mathe¬ 
maticians who have rightly understood this part of the 
elements; so that Peter Ramus has greatly e.sposed hia 
Judgment by censuring that book. And the first alge¬ 
braical writers in Europe commonly employed a consi¬ 
derable portion of iheirworks on an algebraical exposition 
of it, which led them to the. doctrine of surd quantitir's; 
as Lucas de Burgo, Cardan, Tartaleu. Stiielius, Pelclarius, 
&c, j<c. See also Pappus, lib. 4, prop 3, and the introduc. 
to lib. 7. And Dr. Wallis’s \lg<’brH, pa. Uip. 

Apotump., in Music, is the difference bel wei n a greater 


and lesssc'inituiie, hein.'e.xprissed by the ratio vf >28 to 125. 

APPARENT, thal-which is visible, or oxideiil to the 
eye, or the understanding. 

Appareitt Conjffnction of thh planets, is when n right 
line, supposed to be drawn through their centns, posses 
through theeyoof the spectator,and not through iliccentre 
of the earth —And, in gi-neral, the apparent conjunctipo 
of any objects, is when they appear or are placed in the 
same right line with the e)e. 

Apparent Uitude. Dinmeier^Distance, Horiton, Mag¬ 
nitude, Motion, Place, Time, Ac. See the rispeclive sub¬ 
stantives, fur the quantity and measure of it. 

The apparent state of things, is commtiuly very different 
from their real state, either os to distance, figure, magni¬ 
tude, position, Ac, Ac. Thus, 

Apparent Diameter or Magnitude, qs for example of 
the hc.tvenly bodies, is nut the real length of the diameter, 
but tise angle which they subtend iit the eye, or under 
which they appear. And hence, the angle, or apparent cx* 
lent, diininishing with the increased distance of the object, 
H very sirnill object, as ab, may have the same apparent 
diameter as a very large one FG ; and indeed the objects 
have all the same Hppurrnf diameter, that arc contained 
in the same angle, peg. And if these are parallel, the real 
magnitudes arc directly proportional to their disionccs. 

I- 
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But the apparent luagnilude vanes', not only by ibo di¬ 
stance, but also by the position of it. ^ So, if the object 
CD be changed from the direct position, to the oblique oue 
cd, its apparent magnitude wopM ibcn be only the angle 
cEd, instead of tbe angle ced. 
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If the eye c be placed between two parallels ab, cd, 
these parallels will appear to converge, or come nearer 
and nearer to each other, the farther they arc continued 
out, till at last they will appear coinci<{c in that point 
where the sighf terjninatts, which will happen whto the 
optic angle BCD becomes equal to about one minute of a 
dc'gree, the smallest angle under which a common abject 
is distinctly visib[c.—Also the apparent magnitudes of the 
same object ro or bd, seen at different distances, that is 
the angles flg, bld, are in a less ratio than the recipro* 
cal ratio of the distances, or the distance increases in u 
greater ratio than the angle or apparent magnitude dimi- 
nishos. But when the object is scry remote, or the optic 
angle is very stnall, as one <legroe or (hereuhouts, the angle 
then varies nearly as the distance reciprocally. 

But though the optic angle be the usual or sensible niea* 
' sure of the apparent magnitude ot an object, yet habit, 
and the frequent experience of looking at distant objects, 
by which we know* that they are larger than they appear, 
has so far prevailed on the imagination and judgment, as 
to cause (his loo to have some share in our estimation of 
apparent magnitudes ; so that these will be Judged to be 
more than in the ratio of the optic angles* 

The apparent magnitude of the same object, at the same 
diitancctis different to different persons, and different ani* 
mals, and even to the same person, when viewed in dif- 
ferent lights; all which may be occasioned by the different 
niagiiitudes of the eye, causing the optic angle (o differ as 
that is greater or less; and since, in the same person, the 
more light there comes from an object, the less is the pu¬ 
pil of the eye, looking at that object; therefore the optic 
angle will also be k^, and consequently the apparent mag¬ 
nitude of the objT'Ct* Every one must have experienced 
the truth ol* this, by looking at another perspn in a room, 
and afterwanis abroad in the sunshine, when he always 
appears smaller than in a room where the light is less* So 
jiiso; objects elevated in the air, bavittg more light coming 
from (hem than when they are upon the grotind, or near 
it, may appear less in the former case than in the latter; 
thus the ball of (he cross on the top of St* PauKs church, 
which is 6 for^t in diameter, appears less than an object of 
the same diameter seen at the same distance below, near 
the ground. And this is, by some,* supposed to be the 
reason why the sun and moon appear so much larger when 
seen in the horii^oii, whore thoir 4)eams are weak, then 
when they are more elcva'led, and their light stronger. 

This apparent variation in the magnitude of the hea¬ 
venly bodies, which is mentioned under the article optic 
an^tc, is a very singular phenomenon, which has engaged 
the attention of many eminent philosophers; and various 
aUempts have accordingly been made to explain the cause 
from which it aris(*s; the most satisfactory of which ap¬ 
pears to be the following* 

In Judging of tlic magniAide of a body, we do not es¬ 
timate it from (be angle only under which wc perceive it, 
but also from its distaoce, and this distance is esUmnted 
by a comparison with that of other objects. Now there 
it nothing between us and tbc moon, when she is near the 
zenith, from which to draw that coyiparison, and tbcfc- 
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fore, deceived by the absence of intermediulc bodi<wv 
involuntarily conclude that slu* is nearer to Ub than when 
we observe her lisiqg or setting in the horizon, beyond 
hills, valleys, forests, and other objects, which wc know to 
be at a considerable disianct*; ami hence it happens, that 
seeing this, and the other lieavcMily bodies, always under 
the sam^^nglo, and conceiving them to be somc(iine> 
near and' sometimes more remote, our senses are de¬ 
ceived, and we aitributo to them, alternately, a greater 
and less magnitude. ' 

That this is the cau>c ol the ph.Tmimenon is demon¬ 
strable from the following ci^cum^tarlCt^ ti<a( the illusion 
ceasvs as soon us wc lose sight ol other objects. I'o piove 
(his. It will be sufficient to observe any of th< licaverdy' 
bodit^ through a tube, or through a small hole pierced in 
a card ; in either case, they will appear no larger in the 
h<H*i 2 on than in the zenith, because'the smallut^ss of the 
aperture ]>reven(s us from seeing any other object than 
that on which tl»e observation is made, and consequently 
all means of compariNun are destroyed. 

Again, if the eye be placed ui a rare medium, and view' 
an object through a denser, as glass or water, having plane 
surfaces; the object will appear larger than it really is: 
and contrariwise, smaller. And hence it is that Hshes, 
and other objects, seen in the water, by an eye in the air, 
always appear larger than they ure.—In like manner, un 
object will appear larger when viewed through a globe 
of glass or water, or any transparent convex spherical 
segment; and, on the contrary, it will appear smaller 
when viewed through a concave of glass or water.—See 
Mackitude, Apparo\t\ also Robinss Tracts, vol, 2, 
p. 323, ice. 

Ar BAII ENT i)«/once, is that distance which wo judge 
an object to be from us, when seen afar off. This is com¬ 
monly very different from the true distance; because wc 
arc apt to think that all very remote objects, whose parts 
cannot well be distinguished, and which have no other vi¬ 
sible objects h(*ar them, arc at the same distance from us; 
(hough perhaps they may be thousands or millions of 
mik^ off; as in tho' cases of the sun and moon and stars. 
The apparent distances of objects are also greatly altered 
by the rofniction of the medium through which they are 
seen* 

Apparent Figure, is the figure or shape which an ob¬ 
ject 1 $ seen uodcr when viewed at a distance; and is often 
Very different from the true figure. For a straight line, 
viewed at a*distance, may appear but as a point; a sur¬ 
face, as a line; and a solid, a$^ surface. Also thetH'may 
appear of different magnitudes, and the surface and soIhI 
of different figures, according to their situation with it- 
spect to the eye: thus, the arc of a circle may appear a 
straight line; a square, a trapezium, or even a (riangU*; 
a circle, an ellipsis; angular magnitudes, round; und a 
sphere, a circle* Also ull objects have a tendency Co 
roundness and smoothness, or appear less angular, as their 
distance is greater: fur, as the distance'is increased, the 
smaller angles and aspcTitics first disappear, by subtend¬ 
ing a less angle than one* minute; after these, the next 
larger disappear, lor the same reason; and so on conti¬ 
nually, as the distance is more and more increased ; the 
object seeming still more and more round and smooth* 
So, a triangle, or square, at a great distance, shows only 
as a round speck; aud the edge of the moon appears 
round and regular to the eye,, notwithstanding the hills 
and valleys on her surface. And hence it is also, that 
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jicur otji'ctfci a range of lamp^j or such like, seen »t 
u orcat distance, appear to be contiguous, and to form one 
nnifofin c<Mitiniied magnitude, bv tbc iiUer>uls bel««cii 
tJiem di^oppeiirii):;, Ironi tlio »inullne>s«l the angb s »ub- 
b-adetl by Ihftn. 

Apr.rKENT Motion, is either that motion which vre 
pfrceiie in a distant body tlial movis, the cycA the same 
lime being cither in motion or at rest; ufhl motion 
which an object at rcs(sccnis to h»>e, «hilc tlie eycitsell 
only is in niution. 

Ihe motions of bodies at a great rlistance, though 
really moving eqifally, or passnrg over e<|nal spaces in 
equal limes, may appear to br m ly unequal and irregular 
to ihe cye» which cun only judge of them by the inuta* 
tion of the angle at the rye. Ami motions, to be equally 
visible, or appear equal, mu'-t be directly proportional to 
the distances of the objects moving. Again, very swilt 
motions, as those ol the luminaries, may not appear to be 
any motions at all, but like that of the Imur hand of a 
clock, on account of the great distance of the objects : 
and this will always happen, when the space actually 
passed over in one second of time, is less tlian about the 
UOOOtli part of its distance from the eye; for the hour 
hand of a clock, uiul llie slurs about the earth, move at 
the rate of 15 secomis of a degree in one second of time, 
which is only the 13751 part of the ladius or distance 
from the eye. On the other liami, it is possible for llie 
motion of a body to be so swift, as not to appear any mo¬ 
tion at all; as when through the whole space it describes 
there constantly appears a continued surface or solid, as 
it were generatejl l»y the motion of the object, as when 
any thing is whirled very swiftly round, describing a ring, 


&c. 

Also, the more oblique the eye is to the line which a 
distant body moves in, the more will the apparent motion 
differ from the true one. So, if a body revolve with on 
equable motion in the circumference of the circle a BCD 
Ac, and the eye he at p. in the ^ ^ ,^1 y 

plane of the circle; us the body \ / 

moves from a to b and c, it seems •, \ • 

to move slower and slower along i ' y 

thc Un$ ALK, till when the body A 1 /jj 

arrives at Cj it appears at rest at K ; \ \ ' / 

then while it really moves from c by \ 

D to p, it appears to move quicker ■. r ; / 

and quicker from k by l to a, ; 

where iu motion b ([uickest of all; i : /; 

inftcr this it appears to move slower 
and slower from a to u, while the * Vi-,; 

body moves from p to it: ibere be- Vii/' . 

coniiiig stationary again, it oppears I f 

to return from si to a in the straight . Vv^ 

line, while its'real motion is from • ' ^ 

It by 1 to A in the circle. And thus it appears to movo 
in the line kn, by a motion continually varj'ing between 
the least, or nothing, at the extremes k and ir, and the 
greatest of all at the middle point a. Or, if the motion 
be referred to the concave side oTthe circle, instead of the 
line KN, the appearances will be the same. 

• If an eye move, directly forwards Q. • j* 
from p to o, Aej any remote ob¬ 
ject at jest at p, will appear to move 
the contrary way, or from p to q, 
with the same velocity. Rut if tbc 
object p move the same way, and - . '“o' 


witli the same vclucily as the eye; it will seem to stand 
still, it the object have a less velocity than the eye, it 
will appear to move back towards Q with the diflerence of 
tlic vclofliies; ami it it move faster than the eye, it will ap¬ 
pear to move forwards from q, with the saiue dilh rence of 
the velocities. And so likewise when the object p moves 
contrary to the luoliuii of the eye, it appears to move 
backwards with the sum of ihe motions of the two. And 
the truth of all this is expi rienccd by persons sitting in a 
boat moving on a river, or in a wheel-carriage wlieii run¬ 
ning fast, Hud xiewiiig houses or trees, Ctc, on the shore or 
side of the road, or other bouts or wheel carnages ulso iii 
motion. 

APl’AUr.NT Pince qf an ohjecl, in Optics, is that in 
which it appears, when seen in or through alnss, water, or 
other refracting mediums; which is coiiimoniy ditferent 
from the true pfuce. So, if an object be seen in or 
through glass, or water, either plane or concave, it will 
ajipeur nearer t<* the eye than its true place; but when 
seen through a conve.x glu-ss, it apin ars more remote. 

AvVAHV,V TPla<.^oftheIiiia-’eofunohj«ct, in Catoptrics, ■ 
is that where the image of an object made by tlie reflection 
of a speculum appears to be; and the optical writers, from* 
Kuclid downwards, give it us a general rule, tlia,t this is 
where the' reflocteil lays lutet tlie perpendicular to <ho 
speculum drawn from the object: so that if tbc speculum 
be u plane, the apparent place of the imago will beat the 
same distance behiml the speculum, as the eye is Leforu 
it; if convex, it will H|)|>eur behind the glass nearer to the 
sainc;'but if concave, it will appear before the speculum. 
Aiul yet in some cases ihviv arc exceptions to this rule, as 
is shown by Kepler in Ills Pnrulipomcna in Viicllioncm, 
prop. 18. Sec also WulAus Catoptr. ^ 51, 188, 233, 234. 

ArvAitRNT Pluce qf a Planet, tic, in Astronomy, is 
that point in the surface of the sphere of tbc fixed stars, 
where ihe centre of the lumin^y appears from the sur¬ 
face of the earth. 

APPARITION, in' Astronomy, denotes a star’s or other 
luminary's becoming visible, whirh before was bid. So, 
the hcliac.'il rising, is rather an apparition than a proper 
rising. 

APPliAUANCE, in'Perspective, is the representation 
or projection of a figure, body, or the like object, on the 
pursjHCtivc plane.—The appearance of an objective right 
line, is always n right line. See Pkusbective.*— Having 
given the appt-'Brancc of nn opake body, and (^a lumi¬ 
nary, to find'the appearance of the shadow; secS9)ADow. 

ArPEAHANCRs, ill Astronomy, &c, nre more usually 
called phenomena and phases.—In Optics, the term di¬ 
rect appearance is used fuf the view or sight of any object 
by direct rays; without cither refraction or reflection. 

APPLICATE, Apiaic.iTA, Ordinate Aitlicatb, in 
Geometryi is a right line drawn to a curve, and bisected 
by its diameter. This is otherwise called on Ordinate; 
wljich see. • 

Applicate Number. Sec Concrete. 

Application, the act of applying one thing to ano¬ 
ther, by approaching or bringing them nearer together. So 
a lunger space is measured by the continual application 
of 0 less *, as a foot or yard by^ nn inch, iS:c. And motion 
is determined by a successive application of any thing to 
difTerent-parts of space. 

Application is sometimes used, both in arilbroctic 
and geometry, for tbc rule or operation of divbion, or 
whgbis simile to it in geometry. Thus, 20 applied to; 
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or divided by 4, git^cs 6. And a rcciangic aif, applied to 

a line c, gives the 4th proportional or anotluT line 

which, U'itii the given line r, will conlain^inolfacr rectan¬ 
gle which bhall be equal to tlic torruiT rectangle aO* And 
ibis is llie sense in winch Euclid uses the lenn, iib« 6 , 
pr. 28. 

Applicatiox, in Geometry, is ulso used lor the actor 
suppuMtion (d putting or placing one li^ure upon another, 
to bud vWirtlier they be equator unequal; whiclisrcnis to 
he tile primary way in which (be mind liist acquires both 
Ihc idea Hiul pruot id e<|uulny. And in this \^ay Euclid, 
nnd other geoinelncian'-, demonstrate some of the rtrst or 
leading properties in geometry. Thus, if two triangles 
Imve two ^ides in the one triangle equal to tvyo sides in 
the olher, and also the angle included by the same sides 
equal to each other; then are the twa* triangles equal in 
all revpi'Ct?: for by conceninglhe one triunglo placed oo, 
or npplie^l to the other, it i> proved that they coincide or 
exactly agree in all their parts. And the same happens 
if, of two triangles, one side and the two adjacent angles 
of the one iiiaiiglc*, are equal, respectively, to fine side 
and the two Corresponding angles of the qfher. Thus also 
it may be proved that.the diameter of a circle divides it 
into two equal parts, as also that the diagcuml of a square 
or parallelogram bidets or divides it into two equal parts. 

^pplicatk^n of one science to another, as of algebra 
to geometry, is said of the use made of tbc principli'S and 
properties of the one, for augmenting ^nd perfecting the 
other. Indeed all arts and sciences mutiuily receive aid 
from each, other. But the application bcrc mt*Hnt, is of 
a more express and limited nature; ns w*ill appear by 
yvhat fidluws 

ArrLiCATlOK q/* Algeira or of Analysis to Oeomdry. 
Xhc first ajid principal applications of ulgebru, were to 
arithinelicul qu(^tiotis a;id coinpulutions, us being the first 
atid most usclul science fix oil the concerns of hiunarvlife. 
Afterwards algebra was applied to geometiy and all tbe 
other science's in their turn. Tbc application of algebra 
to geometry, is of two kinds ; thafc which regards the piano 
or common geometry, am^that which respects the higher 
geometry, or the nature and properties of curve lines. 

The tirst of these, or the application of algebra to com¬ 
mon ^oiiietry, is concerned in the aTgebroical solution of 
geometrical probleina, and finding out thcoi^ms in geO'* 
metrical hgurt^, by means of algebraical investigations 
or d 4 in)o^tnitions.« l*his kind of application has been 
made from ilie time of the earliest writers on algebra, as 
D)opbantu$> the Iixlians and Arabians, Lucas de Burgo, 
Cardan, Tai talea, &c, down to tbc present times. 
Some of the best precepts and exercises of this kind of 
application, are to be met with in Newton'a 'Universal 
Anthmetic, and in Simpsons Algebra and Select Exer¬ 
cises. Gepinetrical problems arc commonly resolved more 
directly and easily by algebra than by the geometrical 
analyiii, especially by young beginners; but then the 
bynthcaii, or consiruclion and domonstratjorr,*i$ most cle- 
gaJit as deduced frpm the latter method. Now it com¬ 
monly happens, that the algebraical solution succeeds best 
in such problems as respect the sides and other lines in 
goometrical figures; while, on the contrary, those pro¬ 
blems in which angles arc conccn>ed, arc best effected by 
the gcometricHl analysis. * Newton gives These, among 
many other remarks on this branch. ) lavinggny problem 
proposed: compare together the quantities concerned in 


it; and, making no diffocKmce bcAvoenlhe known and un¬ 
known quantities, ctnisidor liuw' they depend u|«in, or aro 
related to, one another; that it may be perc<*ivecl what 
quatititie$> if they are aybuinoti, will, by proceeding syn¬ 
thetically, give the rest, and tliat in ilie simplest inaiinor. 
And in this comparison, the ciomcirical fij;ure is to be 
. feit^ned an^nn>tructed at lundoni, as if all the parts were 
actually kHrorror given; and any other lines drawn that 
may appear to conduce to liic easier and snupler solution 
of the piobliin. Having consi<lereJ the nutiiod of com¬ 
pulation, and drawn out the scheme, iume> are then to 
be given to the quantities entering into the computation, 
(hut is. lofuiue few of them, both known and unknown ; 
from winch rliu rest may most naturally an<l simply be 
derived or expre^^sed, by means of tlx* geometrical proper- 
(iis of figures, till an equation be obtained, by which the 
value of the unknown quantity may be derivert by the 
ordinary methods of re<luciion of equations, when only 
one unknown quantity is in the notation ; or till as many 
o<juatic»ns are ohfniued as there arc unknown letters in 
the san^e. 

For example, sujipose it were 
required to inscribe a square in a 
given triangle. Let aiiC be the 
given triangle; and suppose DF.ro 
to be the required square u 
draw the perpendicular bp of the 
triangle, which'will be given, as 
well as all the sides of it. 'Ihcn, con- 
sideringthal the triangles n\C, nrr are similar, it willlx* 
proper to make the notation as follows, vi/, making the 
base AC = A, tlie perpemlicular nr ssp, and the side of 
the square DE or u = -t. Hence then ng = BP — ed 
s pX; consequently, liy the pra|»ortionaIity of the 
parts of those two similar triangles, vi2, cr : ac : : BQ: 
EF, it is p : i : ;p — x: J; then, multiply extremes and 
means &c, there arises pi ^ l^p — l/Xf or 6x •+■ pr = i/>, 

^(})c side of the square sought; that is, ii 

fourth proporlional to the hast and pt rpendicular, and 
the sum of the two, taking ihis'sum for the first term, or 

AC jji*: TIP :: AC : EV. 

Etamp. 2. In a right-angled triangle, having given the 
perimeter, or sum of nil the sidc>-, and the perpendicular 
let fall from the right angle on the hypotheuuse, to detor- 
mfne the sides of the triangle. 

Ixt ABC represent the tri¬ 
angle, and «D the given perpen¬ 
dicular. AUo put Bn=p, AH 
=:T, BC =sy, AC = s, and the 
sum of ihe'sidcs .. Now then 
we have three unknown quanti¬ 
ties, and therefore wc must 
establish three equations .before it will be possible to pro¬ 
ceed in the solution, which are us follows; 

I* -t- y =; z\ Euclid prop. 47, book 1. 
xysspz. Kuclid prop. 8, book 4. 

X -t- y 2 ^ s. liy the question. 

From the first and second eqinilion wc find r* -h Qiy 
y s= s' 2zpy or J -ey = (s' -*■ -Zpz) \ but x y 

— s, by the third c<]Ualion; therefore, j —c, 

or by squaring both sijes and transposing (2J) + 2.) s =s 

r, hence s 2 = —. Having thus found the value of s, 

we may proceed to find x arid y, and consider s as a 
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known quaniity, only substituting in the final expressions 
its value dctermincil as above. This may be done by 
moans of any two of the original equations, but the first 
and 5econ<l aro the most proper for this purpose; from 
them we determine at once Qry -h •i- or 

z j/ = (J* “ 2xy y = s' — 2pz, or x — y 

= y/( 2 ' — 2/5t); licncex = 4 2 pz) ~ 2 /> 2 ), 

uiuly =: -H Qp%) — ^ 2y)s);*nd now re* 

establishing the value of z as determined above, tlic sides 
of the triangle will be as follows: 


AB 


'/P 4« X p -h S'* '2 * -f* J * 

BC = V[( —) * - ' ^'[(^) - 

AC = 

P + * 


]; 

y, 


Thf* Ollier branch of the apiilication of nls’ebra to geo¬ 
metry, \vas introducccl by Ucscartcb, in his Geometry, 
'which is the new or higher geometry, unci relates to pro¬ 
perties of curve lines. In this branch, the nature ofthe 
curve is expressed or denoted by an algebraic equation, 
which is thus <lerived : A line is conceived to be drawn, 
as the diameter or some other principal line about the 
curve; and on any Indefinite points of I hi**, other lines are 
crecitAl perpendicularly, which arc called ordinati*s, wl^^ilc 
the parts of the first line cut off by them, are called ab¬ 
scisses. Th'en, calling any absciss x, and its correspontl- 
ing ordinate 3 ^, by means of the known nature, or relations 
of the other linw in the curve, an equation is derived, in¬ 
volving X and j/, with other given quantities in it. Hence, 
as X and y are common to every point in the primary line, 
that equation, so derived, will belong to every position or 
value of the absciss and ordinate, and so is properly con¬ 
sidered as expressing the nature of the curve in all points 
ofit; and is commonly called the equation of the curve. 

In this way it is found that any curve line has a pecu¬ 
liar form of equation belonging to it, and which is dif¬ 
ferent from that of every other curve, either as to the. 
number of the terms, the powers of the unknown letters x 
and y, or the signs or coefficients of 
the terms of the equation. Thus, if 
the curve line iik be a circle, of 
which III is part of the diameter, and 
IK a perpendicular ordinate: then 
putting 111 s X, IK =y, and p t= the 
diameter, the equation of the circle will be px — x* ^y'. 
But if HK be an ellipse, an hyperbola, or parabola, the 
equation of the curve will be different, and for uH the four 
curves, will be respectively os follows, viz, 

- - px - 



for the circle 
for the ellipse - 

for the hyperbola 
for the parabola 


X* =y, 


‘ P* 

■ px 


-£x* = 
t 




^x*'— t/* 


. px . 




where t is the transverse axis, and p its parameter. And, 
io like manner for other curves. See Absciss. 

This way of expressing the nature of curve lines, by al¬ 
gebraic equations, has given occasion to the greatest im¬ 
provement and extension of the geometry of curve lines; 
ibr thus, all the properties of algebraic equations, and 
their roots, are transferred and added to curves, whose 
abscisses and ordinates hove similar properties. Indeed 
the benefit of this sort of application is mutual and reci¬ 
procal, the known propcrticsof equations being transferred 


a 


ab 


a 

ah 


a 


to the curves that they represent; and, on the contrary, 
the known properties of curves are transferred to their tc- 
presfiitalive equations. SeeCvnvts. 

Application of Geometry to Algebra. Besides the 
use and application of the higher geometry, for obtaining 
the nature and roots of equations, and for finding the 
values of those roots by the geometrical construction of 
curve lines, even common, geometry may be made subser¬ 
vient to the purposes of algebra. ThUs, to take a very 
plain and simple instance, if it wore required to square 
the binomial a b', by forming a 6(|uare, as in the an¬ 
nexed figure, whose side is equal to o b, or the two lines 
or parts added togetlu r denoted by the letters a and b ; 
and then drawing two lines parallel to the sides, from the 
points where the two parts join, it will be iiiimedialcly 
perceived that the whole square ofthe 
compound quantity a -t- b, is equal to 
the squares of both the parts, together 
with two rectangles under the two 
parts, or a* and b* and 2ab, tliat is the 
square of <i -t- 6 is equal to b* 

Qob, ns derived from a geometrical 
figure or conslruciion. And in this very manner it was, 
that the Arabians, and the early F.uropean writers on al¬ 
gebra, derived and demonstrated the common rule for re¬ 
solving compound quadratic equations. And thus also, 
in a similar way, it was, that Tnrtaleaand Cardan derived 
and demonstrated all the rules for the solution of cubic 
equations, using cubes and parallelopipcdons instead of 
s(|uarc$ and rectangles. And many other instances might ^ 
be given of the use and application of geometry-in algebra. 

Application tf Algebra and Geometry to Mecltanict. 
This is founded on the same principles as the application 
of algebra to geometry. It consists principally in repre¬ 
senting by equations the curves described by bodies in 
motion, by determining the equation between the spaces 
which the bodies describe, when actuated by any forces, 
and the times employed in describing them, &c. A fa¬ 
miliar instance also of the application of geometry to me¬ 
chanics, maybe seen a^thcarticle AccELF.nATioN, wheitj 
the perpendiculars of trlanglps represent the times, the 
bases the velocities, and the ni;eas the spaces described by 
bodies in motion; a method first given by Galileo. In 
short, as velocities, times, forces, spaces, &c, may be re¬ 
presented by lines and gcomeiritnl figuri's; and as these 
again may be treated algebraically; it is evident how the 
principles and properties, of both algebra and geometry, 
may be applied to mechanics, and indeed to all the other 
branches of mixed mathematics. 

Application qf Meehanics to Geometry. Thia consists 
chiefly in the use that is sometimes madu of the centre of 
gmvity of-figures, fur determining the contents of solids 
described by those figures. This is called the centrobaric 
method. 

Application tf Geometry and Astronomy to Geogra~ 
phy. This consists chiefly in three articles. 1st, In de¬ 
termining the figure ofthe globe we inhabit, by means of 
geometrical and astronomical operations. 2d, In deter¬ 
mining (he positions of places, by observations of latiClides 
and longitudes. Sd, In determining, by geometrical opo* 
rations, the position of such places as ere nut far distant 
from one another. 

Geometry and Astronomy are also of grout use in Na¬ 
vigation. 
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Applicatiqn of Gtomtiry and Algebra to Physic$0r 
fiaiural Philosophy, This application we owe to Newton, 
whose philosophy may therefore be called (he geometri¬ 
cal or mathematical philosophy; and on this application 
are founded all the phy$ico*mathcmatical sciences* Here 
a single observation or experimeoc will often produce a 
whole science; so, when we know, as wc do by ex¬ 
perience, that the rays of light, in rejecting, make the 
angle of incidence equal to the angle of reflection ; wc 
tlicnce deduce the whole science of catoptrics: for, that 
experiment once admitted, catoptrics becomes a science 
purely g^vinetrical, since it is reduced to the comparison 
of angli^ and lines given in position. And the same in 
many other sciences* 

Applicatiok of one /Aing /o anotAa^^ in general, is 
employed to denote the use that is made of the former, to 
understand or to perfect the latter. Thus, the applica¬ 
tion of the cycloid to pendulums, means the use made of 
the cycloidal curve for improving the doctrine and use of 
pendulums. 

APPLV. This term is used two different ways, in geo¬ 
metry. 

1st, It signifies to tninsfcr or place a given line, either 
in.a circle or some other figure, so that.the extremities of 
the Hne shall be in the perimeter of the figure. 

2d, It is also used to express division in geometry, or 
to find one cluncnsion of a rectangle, when the urea and 
the other dimension are given. As the area ai applied to 

the line c, is —. 

C , s 

APPIJOACH, the cinre of e/pfoAle approach, I'his 
was a problem first pruposid by Leibnitz, namely, to find 
a curve, down which a body descending by the force of 
gravity, shall make equal approaches to tlie horizon in 
equal portions of lime. It has been found by Bernoulli 
and others, that ihe curve is the second cubical parabola, 
placed w[th its vertex uppermost, and which the descend¬ 
ing body must enter with a certain determinate velocity. 
—VungixKi rendered the question general for any law of 
gravity, by which a body may approach towards a given 
point by (quul spaces in equal limes. And Maupertuis 
also absolved the problem in the case of a body descend¬ 
ing in a medium which resists as the square of the velo¬ 
city* Sec Mist* de I* Acatl. dcs Sciences for 1699 1730. 

Method ef Apphoaches, a name given by Dr* Wallis, 
in his Algebrk, to a method ofirsolvipg certain problems 
relating lo square numbers, &c. This is dune by first 
assigning certain limits lb the quantities requited, and 
then ap^inmcliiiig nearer and nether, till a coincidence is 
obtained.—(ii this sense, the method gf Triahand-error, 
or double rule of False Position; may^be considered as a 
method of approaches. 

APPUOACHICS, in Fortification, the stwcrol works 
made by the bi'sii^gers, for ad\ancing or getting nearer to 
a fortress nr plHce besieged. Such us the trenches, mines, 
saps, lodgtnenu, batteries, galleries, cpaulincnts, &c. 

AppauACiififl, or Unce of Approach, are particularly 
usfd for trenches dug in the ground, and thec^rth thrown 
up on (Ik* side towards the place U^bieged; under (be de¬ 
fence OL shelter of which, the besiegers may approach 
without Tubs, to raise batteries, and plant guns, &c, to 
batter it.—'Fhe lines of approach arc commonly carried 
on, in a zigzag form, parallcl.(o the opposite faces of (ho 
besieged work, or nearly so, that (hey*may not be en¬ 
filaded by the guns from the enemy. And they arc also 


connected by parallels or lines of communicaiion.—'fhe 
besieged commonly make counter^approaches, (o inicr- 
rupl and defeat (he approaches of the besiegers. 

The ancients made their approaches towards (he place 
besieged, much after the same manner as the moderns. 
Folard sliows, that lluy liad iheir trenches, their paral¬ 
lels, saps, dec; which, though usually tliought of modern 
inveniiun, it appears, have been practised long before, by 
the Greeks, Romans, Asiatics, Acc. 

APPROXIMATION, acontinual approach, still nearer 
and nearer, to a root or any quantity sought.— Methods 
of continual approximation for* the square roots and cube 
roots of numbers, liave been employed by algebniisls and 
arithmeticians, from Lucas ilc Burgo down to the presi*iit 
time. And the luler writers have given various approxi¬ 
mations, not only for the roots of higher powers, or all 
simple equations, but for the roots of all sorts of com¬ 
pound equations whatever: especially Newton, Wallis, 
Raphson, Halley, De Lagny, Lagrange, &c, A:c; all of 
them forming a kind of infinite series, cither expressed or 
understood, converging nearer and nearer to the quantity 
sought, according to the nature of the process. 

It is evident that if a uumber proposed be not a true 
square, that no exact square root of it can be found, ex¬ 
plicable by rational numbers, whether integers or frac¬ 
tions; therefore, in such cases, we must be content with 
approximations, or coming continually nearer and nearer 
lo the truth. In like manner, for the cubic and other 
roots, when the proposed <}uan(ities arc nut e.xncl cubes, 
or other powers. 

The most easy and general inode of approximation, for 
any power above (he square, is perhaps by the rule of 
Double Posirion, or, what is sometimes called, the Me¬ 
thod of Trial-aiMl-error; which sec under its own name*. 
And among all the rule^ for finding (he roots of pure 
powers, of which there are many, 1 believe the best is that 
which was discovered by myself, and given in the first vo¬ 
lume of my Mathematical Tracts, (printed in 1786) in 
point of ease, both ofjexccutiun and for rejneinbering 
it. Which is this:, if k denote any number, out of 
which is to be extracted the root whose index is denoted 
by r, and if n be (he nearest root first taken; then w ill 

(f H, ij Ir — \ )nr ^ ^ required root of K very 

(f-. j)5< -4- (r H- l)nr ^ 

nearly; or us r — 1 times the given number added to 
r -f- I times the nearest power, is to r 1 tiuies the given 
number added to r ^ I times the nearest power, so is (he 
assurqed root it, to the required root, very nearly. Then 
this last value of the root, so found, if one still nearer is 
w anted,*is to be used for n in the same theorem, to repeat 
the operation with it. And so on, repeating the operation 
as often os necessary/ Which theorem incluiles all the 
rational formulas of Halley and Dc Lagny. 

For example, suppose it were required to double the 
cube, or to find the cube root of the number 2. Here 
r = 3; consequently r 1=4, and r — 1 ss 2; and 

therefore the general theorem becomes x n or 

aw ^ 4A* 

^ . . X n for the cube root of u; or as n 2 a*; n’ 

n’ : : a : the root sought nearly. Now, in this case, 
v s= if and tlicrefore the nearest rout a is 4, and its cube 
a’ = 1 also: hence K 2n’ = 2 h- 2 = 4, and 2 k -»• a* 
=5 4 I s 5; therefore, as 4 s 5 :: 1: Jor 1^ = 1*25 the 
first approxiniatiou. Again, taking r* = and consc- 
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qucmly r’ = Vx J 

hence N -f- — Si 

an<t ir" =2 4 • 

thi’refi*re 37S : .'5b!• <>r ui l‘2o : 127 •• *• - , .• 

!-2.>yj»2l, ^^llicll IS the oibc Tool of 2, true lu all the n- 
cures/ An.l by taking for a new value o1 n. anti re- 
jjcatina ilic process aguin> a great many mure hgarcs may 
b<? foiuul. Q 

0/ (he Rfyotsi of E'furUions hj/ Approximation.—- tc- 

vinusantl \'iota gave imtinnK tor lintling values, always 
nearer and nearer, of lliu roots o1 equtitrons. Aiul U'lg r* 
Ji-cd aiul Olliers pursued anti iinpnivetl the same. 1 liese 
h'lwever were very le.liou«and imperlect, ami requi^il a 
dilierent pnicess for ev< ly tiegive ol erjuatii'lts. Hut i ew- 
ton introduced, not only ueiu ral nielUods lor expressing 
radical quantities by approximating intinilc senes, but 
also for the roots ol all sorts of compound equations what¬ 
ever, which are loth tasy and expeditious, and which will 
be more particularly ticscribcti under tlieir respective arti¬ 
cles. IJis mt iluid 1.1 appioximutiiip, is in substance this: 
J'lrst take a value ol the root ns m ar as may he, by trials, 
citlicr greater or less ; ihen assiimiiiu another letter to de¬ 
note the unknow n difl'erence hetweeii this and ihe trdc va¬ 
lue, substitute into liie eipialion the sum or tlilTereiicc of 
the npproxinialo root and this assumed letter, inste.id of 
the unknown lelli r or root of llie et|uation, wliicli wi I 
produce a new equation having only the assumed small 
dilfcreiice for its root or unknown letter; and find, from 
this equation, a near value of this small nssuim d quantity. 
Assume then another lellcf for the ^niuU diftcrcncc bc- 
twecir this last value and ihc true one, and subslilutc the 
sum or difTercnce of them into lltc last equation, by which 
will arise a third cipialion, involving the second assumed 
quantity; whose value is found as before. Proceeding 
thus as far as we please, all the near values, connected to¬ 
gether by tlioir proper signs, will form a scries approach¬ 
ing still nearer and nearer to the true root of the liret or 
pn.poseil equation. The approximate values «if the seve- 
ml small assumed dift'eifiices, may be found in difietent 
ways: N'ewloiA melbud is ibis: A, the qiiaiility smiplit 
is binnl), its liigber powi i-s decrease more and more, ami 
therefore neglecting them will not lend to any great error. 
Jle therefore neglects all the terms having in them the 2d 
ami higher powei's, having only ihc 1st power and the ab¬ 
solute known term; from wliicli simple equation he al¬ 
ways finds the value of the assumed flnkiu.w n letter tieurly, 
ill u very simple and easy manner. Halley's methoil of 
doing ihe same thing, was to neglect all the terms above 
the square or 2d power, and then to find the root of the 
remaining quadratic equation; which would indeed be ii 
nearer value of the assumed letter than Newton’s was, but 
then it .is much more troublesumc to perform —llnphson 
lias anotlier way, which is a little varied from that of 
Newton’s again, which is this: Having found a near vnUie 
of the first assumed small quantity or difl'erence, hy this 
lie corrects the first approximation to the root of the pro¬ 
posed equation; and then, assuming another Ibtter for the 
next, or smaller difl'erence, he introduces it into the origi¬ 
nal equation in the sa'ine way ns before. And thus he 
proceeds, from one collection lo another, employing al¬ 
ways the first proposed c(|Uution to find them, instead of 
the successive new equations used by Newton. 

For example, let it he required to find thu-root of the 
equation — 5 jc =: 31 , or j!' — 5x — 31 = 0:—Here the 
root X, it is evident, is nearly = 8; for x tliercforc take 
8 -t- s, and substitute 8 s for x in tlic given equation 


iin<l the terms will be thus; 

jt _ t)* l6z •<- s* ' 

- 5x = - 40 - 5 j < 

- r)i = ~3i 

the sum is — 7 1 Is _ /•in 

Then, ivjecliiig z‘, itU 1 Iz — 7 = 0, .and r — * — 
ixc, or = li nearly. 

AbsUiue now t = '6 y- tlu n 
s-=-Sfi-t- r 2 y-i-y’ 

1 u = 6*6 t ly 
-7 =- 7 

ihe sum — ’Ot -t- 12 ' 2 y y — 0 , 

wlicio V = — - = -003278 nearly. 

Hence then, collecling all the assumed diftercnce^, vyith 

ihcir signs, it is foui«r that x = 8 -t- z y — 8 -*■ 

•003278 = 8-6'0327S the root «.f the equation i. (piired, 

by Newton’s method. 

The sftnie Ly Rtipbsous xifiy. 

First I = 8 H 

I 


iben X* — 6-fc - 1 - lOz 


— 5r ^ — 40 — 5: 

-31 =5-31 

the .sum — 

hence 2 = nearly, as before, 

and j =5 S s = s C marly. 

Assume it X = S'f) •♦-y» 

then X* = 73-96 I7'2y y 

— 5x = - 43 — Ly 

-31 = -31 

the sum--04I2’2y-»-y =0; ^ 

hence y = = -003278 nearly, 

and X = 8-6 -f y = 8*603278, as before. 

And in the same manner Newton performs the appi oxi- 
ihation for the roots of literal equations, that is, equa¬ 
tions having literal coefficients ; so the root of this equation 
^ ^ asy ^ ^ s 0 | is • ^ 


y 


X 


64n 


lOIX* 

b\'2a* 


SWi 


&C. 


... l&)s4a^ 

See also a memoir on this-method hy the Marquis dc 
Courtivro’n, in the Moinoires de I’Acailemic for 174*1. 

Ollier Methods nf Avi'Koxim-vtion. Besides the fore¬ 
going general methods, other .particular ways ol approxi- 
nmiiiig, lor various purposes, have be<n given by many 
diflereni persons.—As for example, methods of approxi¬ 
mating, hy series, to the rooU of cubic equations belong¬ 
ing to the irreducible case, hy Nicole in the same.Mc- 
moires de I’Academie, by M. Clairaut in his Algebra, nnd 
by myself in the Phi)os.'Trans. for 1780. Sec also seve¬ 
ral parts of Simpson’s works,, or my Ti'acis vol. 1, and nay 
Course of Mathenfatics, vol, l; or the treatise on nume¬ 
rical equations by-Lugfangu. Also the methods ot infi¬ 
nite series by Wallis, Newton, Gregory, Mercator, &c, 
may be considered as approximations^ in quadratures, nnd 
other branches of Ihc mathematics, many instances of 
which may be seen in Wallis’s Algebra, and otlicr books: 
—Likewise the method of exhaustions of the ancii iits, by 
which Archimedes and others have approximated lo the 
quadi-Stuic nnd rectification of the circle, &c, w^ich was 
performt''! by continually bisecting the sides of jftilygons, 
both inscribed in a circle nnd circumscribed about ii; by 
which mean? the sum of the sides of the like polygons ap¬ 
proach conlimially nearer find nearer together, and ihe 
circumference of the circle is nearly a mebh bclween the 
two sums. See also Kquations. 
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APPULSE, in Astronomy, means the near approach 
of two luminaric-s to each other, so as to be seen, for in¬ 
stance, within the same telescope. 

The appulses of the planets to the fixed stars have al- 
ways been very useful to astroiiomers, as serving to fix 
ond determine the places of the former. The ancients, 
wanting an easy mctliod of comparing the planets with the 
ec)i[)tic, which^ is not visibles had scarce any other way 
of fixing their situations, but by observing their tiack ' 
among the fixed stars, and marking their a|)pulscs to some 
of those visible points^ See Hist. Acad. Scienc. for 1710, 
pa. 417* And Philos. Trans. No. S6p, where Dr. Halley 
has given a method for determining the places of the pla- 
nets, by observing their near appuUes to the fixed stars. 
Sec also Philos. Trans. No. 76> pa. S6l, and Mom. Acad. 
Scienc. for 170S, where Flamsteed and De la Hire have 
given observations of the moon’s appulses to the Pleiades. 
Sec also Flamsteed's Historia Cceleslts, where a multitude 


of observations of appulses, or small distances, of the 
moon and planets, from the fixed stars, arc recorded. .And 
Dr. Halley has published a map or planisphere of the 
starry aodiac, in which arc accurately laid down all the 
star» to which the moon s appuUe has ever been observed 
in any part of the world. Sec Philos. Trans. No. 369 I 
or my Abridg. vol. 6 , pa. 530. 

APRIL, the 4th month of the year according to the 
common computation, and the 2d from the vernal equi* 
nox.^The word is derived from ^prilis, of aperio^ I op€n; 
because the earth, in this month, begins to open her bo¬ 
som for the production of vegetables.—In this month the 
sun travels through part of the signs Aries and I'aurus. 

APRON, in Gunnery, a piece of thin or sheet lead, 
used Co cover the vent or touch-hole of a cannon. 

APSES, or Apsides, in Astronomy, are the two points 
in the orbits of planets, where they arc at their greatest 
and least distance from the sun or the earth. The point 
at the greatest distance being called the higher apsis, and 
that at the nearest distance the lower apsis. Also the higher 
apsis is more particularly called the aphelion, or the apo¬ 
gee; and the lower apsis, the perihelion, or the perigee. 
The diameter which joins these two points, is called the 
line of the apses or of the apsides; it passes through the 
centre of the orbit of the planet, and the centre of the sun 
or the earth; and in the modern astronomy this line makes 
the longer or transverse axis of the elliptical orbit of (he 
planet In this line is counted the excentricity of the 
orbit; being the distance between the centre of the orbit 
and the focus, where is placed the sun or the earth. 

The foregoing definitions suppose the lines of the greats 
estatid least distances to lie in the same straight line; 
which is not always precisely the case; os they arc some¬ 
times out of a right line, making an angle greater or less 
than 180 degrees, and the diflference from 180 degrees is 
called the motion of the line of the apses: when the an¬ 
gle is less than 180 degrees, the motion of the apses is said 
to be ebntrary to the order of the signs; on the other 
hand, when the angle exceeds 160 degrees, the motion is 
according to the order of the signs. 

Different means have been employed to determine the 
motion of the apses. Dr. Keil explains, in his Astronomy, 
the method used by the ancients, Who supposed the orbits 
of the planets to be perfectly circular, and Uic sun out 
of the centre. But since it has been discovered that they 
describe elliptic orbits, various other methods have been 
devised for determining it. Dr, Halley has gtveu one, 
VoL, 1. 


which supposes to be known only the time of the planet's 
revolution, or prriodic time. Seth Ward has also given a 
determination from throe different observations of a planet, 
in any three places of its orbit: but his method being 
founded on an hypothesis not strictly true, Euler has given 
one much more exact in vol. 7 of the Petersbur«» Com- 

o 

mentaries. See various ways expUi.ncd in the Astronomy 
of Keil and Monnicr. 

Newton has also given, in the Principia, an excellent 
method for determining the same motion, on the supposi¬ 
tion (hat the orbits of the planets differ but little from 
circles, which is the case nearly. That great philosopher 
shoNvs, that if the sun be immoveable, an<i all the planets 
gravitate towards him in the inverse ratio of the squares 
of their distances, then the apses will be fixed, or their 
motion nothing; that is, the lines of greatest unit Ica^t 
distance will form one right line, and the apses will be di¬ 
rectly opposite, or at 180 degrees distance from each other. 
But, because of tlic mutual tendency of the planets to¬ 
wards each other, their gravitation towards the sun is not 
precisely in that ratio; and hence it happens, that (he 
apses are not always exaedy in a right line with the sun. 
And Newton has given a very elegant method of deter¬ 
mining their motion, on (he supposition that we know 
the force which is thereby added to the gravitation of the 
planet towards the sun, and that this additional force is 
always in that direction. Dr. Chas. Walmcsley has a trea¬ 
tise on thcTheorie du Mouvamens dcs Apsides, in 8vo. 

APSIS. See Apses. 

APUS or Apous, Avis Indica^ in Astronomy, a constel¬ 
lation of the southern hemisphere, situated near the south 
pole, between the triangulum australcund the chameleon, 
and supposed to represent the bird of paradise. Also 
supposed to be one of the birds named Apodes, as having 
no feet. 

The number of stars contained in (his constellation are, 
11 in the British Catalogue, in Bayer’s Maps 12, and u 
still greater number in La Caille's Catalogue; the princi¬ 
pal star being but of the 4th or 5th order of magnitude. 
See Coalum Australe Stcllifcrum, and the Memoires do 
TAcad. for 1752; pa, 569. 

AQUARIUS, in Astronomy, one of the celestial Con-, 
stcllations, being the eleventh sign in the xodiac, reckon¬ 
ing from Aries, and is marked by the character £S, repre¬ 
senting part of a stream of water, issuing from the vessel 
of Aquarius, or the waler-pourer. This sign also gives 
name to the eleventh part of the ecliptic, through which the 
sun moves in part of the months of January and February. 

The poets feign that Aquarius was Gauyfuedc, whom 
Jupiter ravished uuder the shape of an eagle, and carried 
away into Heaven to sen’e as a cup-bearer, instead uf 
Hebe and Vulcan; \?liencc the name. Others hold, that 
the sign was thus called, because that when it appeal's in 
the horizon, (ho weather commonly proves rainy. 

The stars in the constellation Aquarius arc, in PtoU^ 
ray's Catalogue 45, in Tycho’s 41, in Hevelius’s 47, and 
tn Flamsteed’s 108. See the article Cohsteelation ; 
olso Cataeogve. 

AQUEDUCT, or^AocADucT, that is to say, ductus 
aqux, a conduit of water, is a construction of stone or 
timber built on uneven ground, to preserve the level of 
water, and convey it, by a canal, from one place to ano¬ 
ther.—Some aqueducts are under ground, being conducted 
through hills, &c; and others are raised above ground, and 
supported on arches, to conduct the water over valley&c. 

T 
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Tlte Romans were very magnificent in their aqueducts; 
li:i\in" some that extended a hundred miles, or more. 
Krontnius, a man of consular dignity, who had the direc¬ 
tion of the aqueducts under the emperor Nerva, speaks 
of ninctliat emptied themselves throiiglt 13,594 pipes, of 
an inch diameter. And it is observed by Vigenerc, that in 
the space of 24 hours, Rome received from th^e aque¬ 
ducts not less than 500,000 hogsheads of water. 'I'hc chief 
aqueducts now in being, are these : 1st, that of the Aqua 
Virginia, repaired by pope Paul iv; 2d, the Aqua Felice, 
constructe<l by pope Sixtus v, and is calleil from the name 
he assumed before he was exalted to the papal throne; 
3d, the Aqua Paulina, repaired by pope Paul v, in the 
year l6l I ; and 4lhly, the aqueduct built by Louis xiv, 
near Maintenon, to convey tlie river Bure to Versailles, 
which is perhaps the largest in the world ; being 7000 fa¬ 
thoms long, elevated 256‘0 fathoms in height, and contain¬ 
ing 242 arcades. See Pliilos. Trans, for 1685, No. 171 ; 
or my Abridg. vol. 3, pa. l67 and 231. 

AQULOUS Humour, or the watry humour of the 
eye, is the first or outermost, and the rarest of the three 
humours of the eye. It is tran.sparent and colourless, 
like water; and it fills up the space that lies bdween the 
cornea tunica, aiul the crystalline humour. 

AQUILA, the Eu^le, or the Vulture as it is sometimes 
called, is a constellation of the northern hemisphere, usu¬ 
ally joined with Antinous. It is one of the 48 old con¬ 
stellations, according to tbc division of which Hipparchus 
made his Catalogue of the Fixed Stars, and which arc 
described by Ptolemy. The number of stars in Aquila, 
and those near it, now in the latcr-formcd constellation 
Antinous, amount to 15 in Ptolemy’s Catalogue, to 19 »n 
Tycho's, to 42 in that of licvclius, and to 71 in Flam¬ 
steed’s. But in Aquila alone, Tycho counts only 12 slan, 
and Hevelius 23; the principal star being Lucida Aquila, 
and is between the 1st and 2d magnitude. The Greeks, 
ns usual, relate various fables of this eonstcllation, to make 
the science appear as of their own invention. 

AR.A, the Altar, one of the 48 old constellations, men¬ 
tioned by the ancient astronomers, and is situated in the 
southern hemisphere; containing only 7 stars in Ptolemy’s 
Catalogue, and 9 in that of Flamsteed; none of which 
exceed the 4th magnitude. 

ARATUS, celebrated for his Greek poem entitled ♦ai- 
y«|S.«m,\hc Phenomena, flourished about the 127th Olym¬ 
piad, or near 300 years before Christ, while Ptolemy Phi- 
ladelphus reigned in Egypt Being educated under Dio¬ 
nysius Hcracicotcs, a Stoic philosopher, he espoused the 
principles of that sect, and became physician to Antigo- 
nus GoitAtus, the son of Demetrius Poliorcetes, king of 
Maecdon. The Phenomena of Aratus gives him a title to 
the character of an astronomer, as well as a poet In 
this work he describes tbc nature and motion of the stars, 
and shows their various dispositions and relations; he de¬ 
scribes the figures of tbc constellations, their situations in 
the sphere, the origin of the names which they bear in 
Greece and in Egypt, the fables which have given rise to 
them, the rising and setting of the stars, and he indicates 
the manner of knowing the constellations by their respec¬ 
tive situations. 

The poem of Aratus has been commented on and trans¬ 
lated by many authors: of wb>--n, among the ancients, 
were Cicero, Germanicus Caesar, and Festus Avienus, who 
made Latin (raoslations of it; a part of the former of 
which is still extant. Aratus roust have been roucb ca« 


teemed by the ancients, since wc find so great a number 
of scholiasts and commentators on him; among whom are 
Aristarchus of Samos, the Aryvtylli the geometricians, 
Apollonius, the Evaint-ti, Crates, Numcnius tbc gramma¬ 
rian, Pyrrhus of'Magnesia,Tbales. Zeno, and many others, 
as may be seen in Vossius, p. 156. Suidas ascribes seve¬ 
ral other works to Aratus. Virgil, in his Georgies, has 
truiislalcd or imitated many passages from this author: 
Ovid speaks of him with admiration, as well as many 
others of the poets. And St. Paul has quoted a passage 
from him; vvhich is in his speech to the Athenians (Acts 
xvii. 28.) where he tells them that some of their own poets 
have said, “ For we arc also liis otfspring," these words 
being the beginning of the 5ih line of the Phenomena of 
Aratus. 

His modern editors arc as follow : Henry Stephens pub¬ 
lished his poem at Paris in 1566, in his collection of the 
poets, in folio. Grotius published an edition of the Pht.*- 
nomeiia at L<'yden in quarto, l6'00, in Greek and Latin, 
with the fragments of Cicero's version, and the Ininslations 
of Germnnirus and Avienus ; all which the editor has il¬ 
lustrated with curious notes. Also a neat and correct 
edition of Aratus was published at Oxford, l672,iD 8vo. 
with the Scholia. 

AR.EOMETER, sec Areometer. 

ARC, or Arch ; which see. 

ARCADE, in Architecture, denotes an opening in the 
wall of a building formed by an arch. 

ARC-BOUTANT, is a kind oi arched buttress, formed 
of a flat arch, or part of an arch, abutting against the feet 
or sides of another arch or vault, to support them and 
prevent them from bursting or giving way. 

ARCH, Arc, Arcus, in Geometry, a part of any curve 
line; as, of a circle, or ellipsis, or the like. 

It is by means of circular arcs, or arches, that all an¬ 
gles arc measured; the arc being dcscribt^d from the an¬ 
gular point as a centre. F'or this purpose, every circle is 
supposed to be divided into SGO degrees, or equal parts; 
and an arch, or the angle it subtends and measures, is es¬ 
timated according to the number of those degrees it con¬ 
tains : thus, an arc, or angle, is said to be of 30 or 80, or 
100 degrees. Of late years the French mathematicians 
have divided the circle into 400 degrees, or the quadrant , 
into 100, called the centigrade division. Circular arcs 
are also of great use in finding of fluents. 

Concentric Arcs, are such as have the same centre. 

Equal Arcs, are such arcs, of the same circle, or of 
equal circles, as contain the same number of degrees. 
These have also equal chords, sines, tangents, &c. 

Similar Arcs, of unequal circles, &c, are such as con* 
tain the same number of degrees, or 
that arc the like part or parts of ibcir 
respective whole circles. Hence, in 
concentric circles, any two radii cut 
of, or intercept, similar arcs MN and 
oi>.•Similar arcs are proportional to 
the radii lm, lo, or to the whole cir¬ 
cumferences.—Similar arcs of other 
like curves, are also like parts of the 
wholes, or determined by like parts similarly posited. 

Of the I^gtb qf Circular Arcs. The lengths of circular 
arcs, os found and expressed in various ways, may be scon 
in my large Treatise dn Mensuration, pa. 88 ct seq. 4th edi¬ 
tion : some of which are as follow. The radius of a circle 
being J; and of any arc a, if the tangent be the sine s> 
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tlic cosine c, and the versed sine »; then the arc a will be 
truly expressed by several series, as follow, viz, the arc 

•*- &c. 
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the number of degrees in the given arc. Abo a sn 

nearly j where c is the chord of the arc, and c the chord 
of half the arc; whatever the radius is. 

To^nd ihe laigth of the arc of any cutxe» Put r = the 
abscisst y = the ordinate, of the arc s, of any curve what* 
ever. Put z — > then, by means of the equa. 

tion of the curve, find the value of i in terms ofy, or ofji 
in terms of i, and substitute that value instead of it in the 
above expression « =: v^(i* hence, taking the flu¬ 

ents, (hey will give the length of the arc z, in the terms of 
X ory. 

Arc, in Astronomy. Of this, there are various kinds. 
Thus, the latitude, elevation of the pole, and the declina¬ 
tion, are measured by an arc of the meridian; and the lon¬ 
gitude, by an arc of a parallel circle, &c. 

Diurnal Arc of the sun, is part of a circle parallel to 
the equator, described by the sun in bis course from his ri¬ 
ling to the setting. And his Noctdrnal Arc is of the same 
kiud; excepting that it is described from setting to rising. 

Arc of Pro^rezsiont or Direction, is an arch of the eel ip* 
tic, which a planet seems to pass over, when its motion is 
direct, or according to the order of tbe signs. 

Arc of Reirogradation, is an arch of the ecliptic, de¬ 
scribed while a planet is retrograde, or moves contrary to 
the order of the signs. 

Arc beixveen the Cnttret, in eclipses, b an arc passing 
from the centre of Ihe earth's shadow, perpendicular to 
the moon's orbit, meeting her centre at the middle of an 
eclipse.—If the aggregate of this arc and tbe apparent semi- 
diameter of the moon, be equal to the icmi-diametcr of the 
shadow, the eclipse will he total for an instant, or vrithout 
any duration j and if that sum be less than the radius of 
the fbadow, tbe eclipse will be total, with some duration; 
but if greater, the eclipse will be only partial. 

Arc <if Vition, is that which measures tbe sun’s depth 
below the horizon, when a star, before hid by his rays, be¬ 
gins to appear agaio.^Tbe quantity of this arc is not al- 
waw the same, but varies with the latitude, declination, 
right oscensiorj, or descension, and distance, of any planet 
or star. Kicciol. Atmag. vol. 1 , pa. 42. However, the fol¬ 
lowing numbers will serve nearly for the stars and planets. 
Table exhibiting the Arc rf Virion of the Planets and 

Fixed Stars. 

BLAVET8. 

Mercury • • • « 

Tenus 

Man • - * . 

Jupiter - • • 

Saturn * - * 


10 ® tf 
5 0 
11 SO 
10 0 
11 0 


YIXED STARS. 
MigaUude. 

1 • • . 12 ® 

2 - • - 13 

3 » 14 

4 « . - 15 

5 • • • ifi 

6 - • - 17 


Arch, in Architecture, is a concave structure, roUed 
w tum^ upon a mould, called the centering, in form of 
tile arch of a cunre, end serying as the inward support of 


some superstructure. Sir Henry Wotlon say^, An atvU ts 
nothing but a narrow or contracted vault; and a vault is 
a dilated arch. 

Arches are used in large intercolumniations of spacious 
buildings; in porticoes, both witbin and without temples; 
in public h:ilU, as ceilings, the courts of palaces, cloister^, 
theatres, and amphitheatres. They are also used to cov<.r 
the cellars in the foundatioiisof houst^, and powder maga¬ 
zines; also as buttresses and counter-forts, to support 
large walks laid deep in the earth ; for triumphal archer, 
gates, windows, 6 :c ; and, above all, for the foundation^ 
of bridges and aqueducts. And they are supported by 
piers, butments, imposts, &c. 

Arches are of several kinds, and are commonly deno¬ 
minated from the figure or curve of them; as circular, 
liptical, cycl<>i<)ab catenarian,&c, according as their curvr 
is in the form of a circle, ellipse, cycloid, catenary, . 

There are also other denominations of circular arctics, 
according to the difierent parts of a circle, or manner ol 
placing them. Thus, 

iScm/ctretr/ar Arches, which are those that make au 
exact semicircle, having their centre iii the middle of the 
span or chord of the arch; called also by the French 
builders, perfect arches, and arches en plein centre* Tbe 
arches of Westminster Bridge arc semicircular. 

Scheme Arches, or skene^ ere those which arc lessthaii 
semicircles, and are consequently flatter arches, coQtain- 
ing 120, or 90 , or 60 , degrees, &c. They are also called 
imperfect and diminished arches. 

Arches of the third and fourth point, or Gothic arches; 
or, as the Italians call them, di teno and quarto acute, be¬ 
cause they always meet in an acute angle at top. Tbes^ 
consist of two cxcentric circular arcs, meeting in an angle 
above, and are drawn from tbe division of the chord into 
three or four more parts at pleasure. Of this kind are 
many of the arches in churches and other old Gothic 
buildings. 

EUiptical Arches, usually consist of semi-ellipses. 
These were formerly much used instead of mantle-trees in 
chimneys; and are still employed, from their bold and 
beautiful appearance, for many purposes, and particularly 
for the arches of a bridge, like that at Black-Friars, both 
for their strength, beauty, convenience, and cheapness. 

Straight Arches, arc those which have their upper and 
under edges parallel straight lines, instead of curves. These 
are chiefly used over doors and windows; and have tbefr 
ends and joints usually pointing towards one common 
centre. 

Arch is particularly used for the space between tbe 
two piers of a bridge, intended for the passage of the 
water, boats, &c. 

Arch of equilibration, is that which is iu equilibrium 
in all its parts, having no tendency to break iu one part 
more than in another, and which is therefore safer and 
stronger than any other figure. Every particular figure 
of the extrados, or upper bide of the wall above an arch, 
requires a peculiar curve for the under side of the arch 
itself, to form an arch of equilibration, so that tbe incum¬ 
bent pressure on every part may be proportional to the 
strength or resistance there. >Vben the arch is equally 
thick throughout, a case that can hardly ever happen, 
then tbe catenarian curve is the arch of equilibration; but 
in DO other case: and therefore it is a great mistake in 
some authors to suppose that this curve is the best figure 
for arches in all casce; when in reality it is commonlv the 
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woi-st. This suhjcct is fully treated in my Collection of 
Tracts, troct 1, on the Principles of Bridges, pr. xi, exam. C, 
where the proper mtrados is investigated for every extra- 
dos, so as to form an arch of equilibration in all cases 
whatever. It there appears that, when the upper side of 
null is a straight horizontal line, as in the annexed figure, 



rtlirre h = AQ, w =s Cl, a = dk, cs= kq, 


Or Cl = tv =s 


n' 


■in 


n = the number whose log. is 


. 1 f j t 1 o’) 

ry -+• A, and a = log. of a, and c =t x log. of-- 


Anil hence, when a. A, c, arc any given numbers, a ta¬ 
bic is formed for the corresponding values of ui and y, by 
which the curve is constructed for any particular occa¬ 
sion. Thus supposing a or dk (), A or aq = 60, and c 
or KQ = 4C; then the corresponding values of Kl and ic, 
or horizontal and vertical lines, will be as in this table. 


Tahhfor construciinf' the Curve ({f EquilihriUion. 


Vftlue uf 

El 

V»1tu’ oi 
IC. 

Vtliie ot 
KI. 

Value Ilf 
tc. 

VftJuc oi 
XI. 

of 

IC. 

0 

6-000 

21 

10-381 

36 

21*774 

2 

6*036 

22 

10-858 

37 

22-948 

4 

' 6 -144 

23 

11*368 

38 . 

24190 

6' 

: 6*324 

24 

11-911 

39 

25*505 

8 

6-580 

25 

12*489 

40 

26*894 

10 

6-914 

26 

13*106 

41 

28*364 

12 

7-330 

27 

13761 

42 

29919 

13 

7*571 

28 

14*457 

43 

31 *563 

14 

7-834 

29 

15*196 

44 

33*299 

16 

8*120 

30 

I5*.960 

45 

35*135 

16 

8-430 

31 

16*811 

46 

37*075 

17 

8-766 

32 

17*693 

47 

39*126 

18 

9*168 

33 

18*627 

48 

41*293 

19 

9*517 

34 

19-617 

49 

43*581 

20 

9'9'i* 

35 

20-665 

50 

46*000 


Sec my 'I'nicts, vol. i, art. I. 

The doctrine and use of arches arc neatly delivered by 
sir Henry WoUon, though he is nut always mathematically 
accurate in the principles. He says; Ist, AH matter, un¬ 
less impeded, tends to the centre of the earth in a perpen¬ 
dicular line. 52d, AH solid materials, as bricks, stones, 
&c, in their ordinary rectangular form, if laid in numbers, 
one by the side of another, in a level row, and their ex> 
tretne ones sustained between two supporters; those in 
the middle will necessarily sink, even by their own gravity, 
much more if forced down by any superincumbent weight. 
To make them stand, therefore, either their figure or their 
position must be altcred.^Sd, Stones, or other materials, 
being figured cuncatim, or wedge-like, broader above than 
below, and Iwd in a level row, with their two extremes 


supported as in the last article, and pointing all to the 
same centre; none of them can sink, till the supporters oi 
butments gi\c way, because they want room In that situa¬ 
tion to descend perpendicularly. But this is a weak struc¬ 
ture; bfcause the supporters arc subject to too much im¬ 
pulsion, especially wbcrcthc line is long; for which reason 
the form of straight arches Is seldom used, excepting over 
doors and windows, where the line is short, and the side 
walls strong. In order to fortify the work, therefore, wc 
must change not only the figure of the niutcrials, but also 
tlicir position.—4lh, if the materials be shaped wedge-like. 
and be disposed in form of an arch, and pointing to some 
centre; in this case, neither the pieces of the said arch 
can sink downwards, for want of room to descend perpen¬ 
dicularly ; nor can the supporters or butments suffer mucli 
violence, as in the preceding flat form: for the convexitj 
will always make the incumbent rather rest upon the 
supporters, than thrust or push them outwards. His rea¬ 
soning, however, afterwards, on the effect of circular^atid 
other arches, is not accurate, ns he attends only to llie 
side pressure, without considering the effect of different 
vertical pressures. 

The chief properties'of arches of different curves may 
be seen in the 2d sect, of my Tract on the Principles of 
Bridges, above quoted. It there appears that none, except 
the mechanical curve of the arch of equilibration, can ad¬ 
mit of a horizontal line at top : that this arch is of a form 
both graceful and convenient, as it may be made higher 
or lower at pleasure, with the same span or opening : that 
all other arches require exlrados that ore curved, more or 
less,cither upwards or downwards: of these, the elliptical 
arch approaches the nearest to that of equilibration, for 
equality of strength and convenience; and it is also the 
best form for most biidgcs, as it can be made of ony 
height to the same span, its hanches being at the same 
time sufficiently elevated above the water, even when it is 
very flat at top: elliptical arches also look bolder and 
lighter, are more uniformly strong, and much cheaper than 
most others, ns they require loss materials and labour. Of 
the other curves, the cycloidal arch is next in quality to 
the elliptical one, for those properties, and lastly the circle. 
As to the others, the parabola, hyperbola, and catenary, 
they arc quite inadmissible in bridges that consist of se¬ 
veral arches; but may, in some coses, be employed for a 
bridge of one single arch, which may be intended to rise 
very high, as in such cases they arc not much loaded at 
the hanches. 

Sec also BniDGE, and Magazine. 

Alien .Vurof. Sec Muhal ^rcA. 

ARCHER, ox Sagittarius, one of the con-stcllations of the 
northern hemisphere, and one of the twelve signs of the 
zodiac, placed between the Scorpion and Capricorn. Seo 
Sagittarius. 

ARCHIMEDES, one of the most celebrated mathema¬ 
ticians among the ancients, who flourished abotit 289 years 
before Christ, being about 110 years later than Euclid* 
He was born at Syracuse in Sicily,And was related to 
Hiero, according to Plutarch, the then king of that cit/i 
by his father. In his youth, ho devoted himself to the 
study of geometry; and in his maturcr years, be travelled 
into Egypt, whither the Greeks usually resorted in the pur¬ 
suit of science. After an absence of several ycarsrwhich' 
he spent in the society of Conon and other eminent men, 
and during which time he gave very promising indjcalions 
of his future fame* he returned to bis own country;, and 
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then continued his studies with the greatest assiduity. 
Such indeed were the ardour and intenseness of bis appli* 
cation to Tnathcmatical science^ that be prosecuted his 
studies to the neglect both of food and sleeps and improved 
the minutest circumstance that occurrc<l into an occasion 
<if making very important and useful discoveries. The 
mathematical genius of Archimedes sec him with such di* 
stinguished excellence in the view of the world, as render¬ 
ed him both the honour of his own age, and the admira¬ 
tion of posterity. He was indeed the prince of the ancient 
mathematicians, being to them what Newton is to the mo¬ 
derns, to whom in his genius and character he bears a 
very n(*ar resemblance. He was frequently lost in a kind 
of reverie, so as to appear hardly sensible; he would study 
for days and nights Cogetber, neglecting bis food ; and Plu¬ 
tarch tells US that be used to be carried to the baths by 
force. Many particulars of his life, and works, mathe¬ 
matical and mechnnical, arc recorded by several of the 
ancients, as Polybius, Livy, Plutarch, Pappus, He 

was equally skilled in all the sciences, astronomy, geome¬ 
try, mechanics, hydrostatics, optics, &c, in all of which 
he excelled, and made many and ga^at discoveries. 

Archimedes, it is said, made a sphere of glass, of a most 
surprising contrivance and workmanship, exhibiting the 
motions of the heavenly bo(lii*s in a very pleasing manner. 
Claudiaii has an epigram on this invention, which has 
been thus translated : 

When in a glass^ narrow space confinM, 

Jove saw the fabric of th' almighty mind, 
lie smiTd, and said, Can mortals* art alone. 

Our heavenly labours mimic with their own f 
TTbe S)rucusan’s brittle work contains 
Th* eternal law. that through all nature reigns. 
Fram'd by his art, svestais iinnuMiter*d burn, 

And in ilieir coursers rolling oibs n*tum : 

His sun through various signs describes the year; 

And every month his mimic moons ap|»ear. 

Our rivals laws his little plam*ts bind, 

And rule cheir motions witti a human mind, 
Salmoneus could our thunder imitate, 

But Archimedes can a world create. 

Many wonderful storii*s arc bild of bis discoveries, and 
of his very powerful and curious machines, &c. Hiero 
once admiring them, Archimedes replied, these effects arc 
nothing, But give me,** said he, some other place to fix a 
machine on, and I will move the earth.** He fell upon a . 
curious device for discovering the deceit which had been 
practised by a workman, employed by the king to make a 
golden crown. Hiero, having a mind to make an offering 
to the gods of a golden cnwii, agreed for one of great 
value, and weight out the gold to the artificer. After 
some time he brought the crown home of the full weight; 
but it was afterwards discovered or suspected that a pari 
of the gold had been stolen, and ihe like weight of silver 
substituted in its stead. Hiero, being angry at this im- 
osition, desired Archimedes to take it into consideration! 
ow such a fraud might be certainly discovered. While 
engaged in the solution pf this difficulty, he happened to go 
into the bath ; where observing that a quantity of water 
overflowed, equal to the bulk of bisbotly, it presently oc^ 
cuned to him, that Hiero*s question might be answered by 
a like method: upon which he leaped out, and ran home- 
ward, crying out Bifipcal I bavefound itl 1 have 

found itl He then made two masses, each of the same 
weight as the crowni one of gold and the other of silver; 


4) } 

this done, he filled a vessel to ihc brim wiiii water, and 
put the silver mass into it, upon which a quantity ol watrr 
overflo\M'<l equal to the bulk of the mass; then taking the 
mass ot silver out he filled up the vissel again, measuring 
the water exactly, which lie put in; this showed him what 
measure of aaler answered to a certain <]uantity of silver. 
He then tried the gold in hke nianner, and found that it 
caused a li*ss quantity of waur to onctHow, the gold being 
less in bulk than the silver, though of the same weight# 
He then tilled the vc>ssel a third time, and putting in the 
crown itself, he found that it caused more water to over¬ 
flow than the golden mass of the same wciglit, but less than 
the silver one; so that, finding its bulk between the two 
masses of gold and silver, and that in certain known pro¬ 
portions, he hence computed the real quantities of gold and 
silver in the crown, and so manifestly discovered the fraud. 

Archimedes also cunlrivtd many machines for useful and 
beneficial purposes; among these, engines for launching 
large ships ; screw pumps, for exhausting the water out of 
ships, marshes, or overflowed lands, as Egypt, &c, which 
they would do from any depth. 

But he became most famous by lus curious contrivances, 
by which tlie city of Syracuse was so long defended, when 
besieged by the Roman consul Marcellus ; showering up¬ 
on the enemy sometimes long darts, and stomps of vast 
weight, and in great quantities ; at other times lifting their 
ships up into the air, that had come near the walls, and 
dashing them to pieC(*s by letting them tall down again; 
nor .Could they find their safety in removing out of the 
reach of his cranes and levers, for there be contrised to fire 
them with the rays of the sun reflected from burning glares. 

However, notwithstanding all his art, Syracuse was at 
length taken byslortn, or by corrupting the guards. *‘What 
gave .Marci-Uus the prealesl concern,'* says Plutarch, was 
the unhappy fute of Archimedes, who was at that time in 
his museum ; and his mind, as well as his eyes, io fixed 
and intent up<in some geonutrical figures, that he neither 
heard the noise and hurry of Uie Romans, nor perceived 
the city to be taken. In this depth of study and coo- 
templation, a soldier came suddenly upon him, and com» 
manded him to follow him to Marcellus; which he refu¬ 
sing to do, till he had finished bis problem, the* soldier, in 
a rage, drew his sword, and ran him through.** Livy says 
be was slain by a soldier, uot knowing who he was, while 
he was drawing schemes in the dust: that Marcellus was 
grieved at his death, and took care of his funeral; and 
made his name u protection and honour to those who could 
claim a relationship to him. His death it seems happened 
about the 142d or I43d Olympiad, or 210 years before the 
birth of Obrist. According to Tictzes he lived 75 yca/s. 

When Cicero was questor for Sicily, he discovered the 
tomb of Archimedes, all overgrown with bushes and bram¬ 
bles ; which be caused to be cleared, and the place set ia 
order. There was a sphere and cylinder cul upon it, with 
an inscription, but the latter part of the verses quite worn 
out. 

Many of the works*of this great man arc still extant, 
though the greatest part of them are lost The pieces re¬ 
maining arc as follow: 1. Two books on the Sphere and 
Cyluider.«-2. The Dimensiou of the Circle, or proportion 
between the diameter and the circumference.—3. Of Spi¬ 
ral )ines,-«*4. Of Conoids and Spheroids.—5. Of Equipon¬ 
derants, or Centres of Gravity.—6# The Quadrature of tho 
Parabola.—7* Of Bodies floatiog on Fluids,—8. Ecmma- 
ta,—9. Of the Number of the Sands. 
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Among the works of Archimedes which are lost, may 
be reckoned the descriptions of the following inventions, 
which may be gathered from himself and other ancient 
authors. 1. Ills'account of the method which he employ¬ 
ed to discover the mixture of gold and silver in the crown, 
mentioned by Vitruvius.—2- His description of the Coch- 
leon, or engine to draw water out of places where it is 
stagnated, still in use under the name of Archimedes’s 
Screw. Athensus, speaking of the prodigious ship built 
by the order of Hiero.says, that Archimedes invented the 
cochleon, by means of which the hold, notwithstanding its 
depth, could be drained l>y one man. And Diodorus Si¬ 
culus says, that he contrived this machine to drain Egypt, 
and that by a wonderful mechanism it would exhaust the 
water from any depth.—3. The Helix, by means of which, 
Athcnaius informs us, he launched Hicro’s great ship.— 
4. The Trispaston, which, according to Tzetzes and Ori- 
basius, could draw the most stupendous weights.—5. 'Ihc 
machines, which, according to Polybius, Livy, and Plu¬ 
tarch, he used in the defence of Syracuse against Marcellus, 
consisting of Tonnenta, Balistx,Catapults, Sagiltarii, Scor¬ 
pions, Cranes, A:c.—6. His Burning Glasses, with which 
he set fire to tiic Roman galleys.—7. His Pneumatic 
and Hydrostatic engines, concerning which subjects he 
wrote some books, according to T2et2<*s, Pappus, and Ter- 
tuHian.—8. His Sphere, which exhibited the celestial mo¬ 
tions. And probably many others. 

A whole volume might be written on the curious me¬ 
thods and inventions of Archimedes, that appear in his 
mathematical writings now extant only. He was the first 
who squared a curvilincal space ; unless Hypocrates must 
be excepted, on account of his lunes. In his time the co¬ 
nic sections were admitted into geometry, and he applied 
himself closely to the measuring of them, as well os other 
figures. Accordingly, he determined the relations of 
spheres, spheroids, and conoids, to cylintlcrs and cones ; 
and the relations of parabolas to rectilineal planes, whose 
quadratures had long before been determined by F.uclid. 
He has left us also his attempts upon the circle: he proved 
that a circle is equal to a right-angled triangle, whose 
base is equal to the circumference, and its altitude equal 
to the radius; and consequently, that itsarea is equal to 
tho rectangle of half the diameter and half the circum¬ 
ference; thus reducing (he quadrature of the circle to the 
determination of the ratio between the diameter and cir¬ 
cumference; which determination however has never yet 
been done. Being disappointed of the exact quadrature 
of the circle, for want the rectification of its circumfe¬ 
rence, which all his methods would nutcflcct, he proceed¬ 
ed to assign a useful approximation to it: this he effected 
by the numeral calculation of tho perimeters of the* in¬ 
scribed and circumscribed polygons; from which calcu¬ 
lation it appears, that the perimeter of the circumscribed 
regular polygon of 192 sides, is to the diameter, in a less 
ratio than that of 3 ^ or to 1; and that the perimeter 
of the inscribed polygon of 9$ sides, is to the diameter, in 
a greater ratio than that of 3|4 1; consequently, that 

the ratio of the circumference to tho diameter, lies be¬ 
tween those two ratios. Now the fint ratio, of to 1, 
reduced to whole numbers, gives that of 22 to 7, for 
9^ : 1: : 22 : 7; which therefore is nearly the ratio of the 
cirourafercncc to the diameter. From this ratio between 
the circumference and the diameter, Archimedes com¬ 
puted the approximate area of the circle, and he found 
that it is to the square of the diameter, as 11 is to 14i. 


He determined also (he relation between the circle and the 
ellipse, with that of their similar parts. And it is proba¬ 
ble that be also attempted the hyperbola ; but it is not to 
be expected that he met with any success, since approxi¬ 
mations to Its area are all that can be given by the various 
methods that have since been invented. 

Besides these figures, he determined the measures of the 
spiral, described by a point moving uniformly along a right 
line, the line at the same time revolving with a uniform 
angular motion ; determining the proportion of its area to 
that of the circumscribed circle, as also the proportion of 
their sectors. 

Throughout the whole works of this great man we every 
where perceive the deepest design, and the finest invention. 
He seems to have been, with Euclid, exceedingly careful 
of admitting into bis demonstrations nothing but princi¬ 
ples perhctly geometrical and unexceptionable: and 
though Ills most general method of demonstrating the re¬ 
lations of curved figures to straight ones, be by inscribing 
polygons in them; yet to determine those relations, he 
docs nut increase the number, and diminish the magni¬ 
tude, of the sides of the polygon nd infinitum, but from 
this plain fundamental principle, allowed/in Euclid's Ele¬ 
ments, (viz, that any quantity may be so often multiplied, 
or added (u itself, as that the result shall exceed any 
proposed finite quantity of the same kind,) he proves 
that to d«-iiy his figures to have tlie proposed relations, 
would involve an absurdity. And when be demonstruted 
many geometrical properties, particularly in the parabo¬ 
la, by means of certain progressions of numbers, whose 
terms arc similar to the inscribed figures; this was still 
done without considering such scries as continued <id sn- 
finitum, and thi n collecting or summing up the terms of 
such infinite scries. 

There have been various editions of the existing wri¬ 
tings of Archimedes. The whole of these works, together 
with the Commentary of Eutocius, wen* found in their 
original Greek language, on the taking ol Constantinople, 
whence they were brought into Italy ; and here they were 
found by that excellent mathematician John Muller, 
otherwise called Regiomontanus, who brought them into 
Germany: where they were, with th.at Commentary, 
published long afterwords, vjz, in 1544, at Basil, being 
most beautifully printed in folio, both in Greek and Latin, 
by Hefvagius, under the care of Thomas Gcchrtyff Vena- 
torius.—A Latin translation was published at Paris 1557» 
by Pascalius Hamcllius,—Another edition ol the whole, 
in Greek and Latin, was published at Paris l(il5, in folio, 
by David Rivaltus, illustrated with new demonstrutions 
and commentaries: n life of the author is prefixed; and 
at the end of the volume is added some account, by way 
of restoration, of our author’s other work^ which have 
been lost; viz, Tho Crown of Hicro; the Cochleon or 
Water Screw; the Helicon, a kind of endless screw; the 
Trispaston, consisting of a combination of wheels and 
axles; the Machines employed in the defence of Syracuse; 
the Burning Speculum ; the Machines moved by Air and 
Water; and the Material Spherc.-*-In l67fi> Ur- Isaac 
Barrow published a neat edition of the works, in Latin, 
at London, in 4to; illustrated, and succinctly demon¬ 
strated in a new method.—But the most complete of any, 
is tho magnificent edition, in folio, lately printed at the 
Clarendon press, Oxford, 1792. This edition was pre¬ 
pared ready for the press by the learned Joseph Torelli, 
of Verona, with his preface, andin that state presented to 
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the University of Oxford. The Latin translation is a new 
one. We find bore also Euiocius’s Commentary on some 
of the pieces, and notes on the wiiolc. An account of the 
life and writings of Toitdli is prefised, by Clemens Sibi- 
liati. And at the end a large appendix is added, in two 
parts; the first being a Commentary on Archimedes’s 
paper on Bodies that float on Fluids, by the Rev. Abram 
Robertson of Christ-Churcb College, who had the care of 
this edition; and the latter is a large collection of various 
readings in the manuscript works of Arcliimedesi found 
in the library of the late king of France, and of another at 
Florence, as collated With the Basil edition above mentioned. 

There are also extant other editions of certain parts of 
the works of Archimedt^s. Thus, Cominandine published, 
in 4to, at Bologna 1565, the two books concerning Bodies 
that float on Fluids, with a Commentary. Commandine 
published also a translation of the Arenarius. And Burclli 
published, in folio, at Florence, l66l, Archimedes’s Liber 
Assumptorum, translated into Latin from an Arabic ma* 
nuscript copy. Thi» is accompanied with the like trans¬ 
lation, from the Arabic, of the 5th, 6th, and ftb books of 
Apollonius’s Conics. Mr. G. Anderson published (in 8vo. 
Lend. 17fi4) an English translation of the Arenarius of 
Archimedes, with learned and ingenious notes and illus¬ 
trations. Dr. Wallis published a translation of (he Are¬ 
narius. Lastly, the translation of Torelli’s work into the 
French language, by F. Peyrard, in 2 vols, 8vo, at Paris, 
in 18—, and 1808. And there may be other editions be¬ 
side the above; but thescareall that! have seen, or know of. 

AacjiiUEoas’a Setew, See Screw qf Architnedes, 

AaCHistfcDEVs See BuHNiNO^g/oii. 

ARCHITECr, a person skilled in architecture, or the 
art of builUingi who forms plans and designs for edifices, 
conducts the work, and directs the various artificers em¬ 
ployed in it. 

’i*be most celebrated arclniects arc, Vitruvius, Palladio, 
Scamozzi, Scriio, Vignola, Barbaro, Catanco, Alberti, 
Viola, Inigo Jones, De Lorme, PerrauU, S» Lc Clerc, Sir 
Christopher Wren, the Earl of Burlington, &c. 

ARCHITECTURE, Archtfccturaf the art of planning 
and building or erecting any edifice, so as properly to an¬ 
swer the end proposed, for solidity, convcnicncy, and 
beauty; whether bouses, temples, churches, bridges, balls, 
theatres, 5cc, 5cc.—Architecture is divided into civil, mili¬ 
tary, and naval or marine. 

CivH AKCiiiTaCTURE, h (heart of designing and erect¬ 
ing edifices of every kind for the uses of civil life in every 
capacity ; as churches, palaces, private houses, &c; and 
it has been divided into five orders or manners of building, 
under the names of the Tuscan, Doric, Ionic,Corinthian, 
and Composite. 

There were many authors on architecture among the 
Greeks and Romans, before Vitruvius; but he is tbc first 
whose work is entire and extant. He lived in the reigns 
of Julius C»ar and Augustus, and composted a complete 
system of architecture, in ten books, which he dedicated 
to this prince. The principal authors on architecture 
since Vitruvius, are Philander, Barbarus, Salroasius, Bal- 
dus, Alberti, Oauricus, Demoniosius, Perrault, De 
rOme, Rivius, Wotton, Serlio, Palladio, Strada, Vignola, 
Scaroozzi, Dicussart,Catanci, Freard, Dc Cambray, Blon¬ 
de], Goldman, Sturmy, Wolfius, Dc Rosi, Desgoduiz, 
Baratteri, Mayer, Gufielumus, Ware, icc, &c. See also 
Architect^ 

Military AEcntTEcruRE, otherwise more usually called 


Fortificationy is the art of strengthening and fortii^ing 
places, to secure them from the insults or attacks of ene¬ 
mies, and tbc violence of arms j by erecting forts, castles, 
and other fortresses, with ramparts, bastions, &c.—The 
authors who have chiefly excelled in this art, arcCochorn, 
Pagan, Vauban, Scheiler, BlondcJ, and MonUlembcrt 

iVerc/ Architecture, ot Ship^buHding^ is the art of 
constructing ships, galleys, and other vessels proper to float 
on tbc water. 

ARCHITRAVE, is that part of a column which beam 
immediately on the capital. It is the lowest member of 
the entablature, and is supposed to represent tl^c principal 
bi.‘am in timber buildings, in which it is someumes called 
the Reason-picce, or Master-piece, Also, in chimneys it 
is called the Mantle-piece; and the Hyperthyron over 
tbc jaumbs of doors, or lintels of windows. 

Architrave Cornice^ See Cornice, 

Architrave doors^ are those which have an archi¬ 
trave on the jaumbb, and over the door; on the cap piece 
if straight; or on the arch, if the top be curved. 

Architrave windowsy of timber, are usually an ogee 
raised out of the solid timber, with a list over it: though 
sometimes the mouldings arc struck, and laid on ; and 
sometimes they are cut in brick. 

AKCHIVAULT or Archivolt, the contour of an 
arch ; a band or frame adorned with mouldings, running 
over the faces of the voussoirs or arch-stones, and bearing 
upon the imposts. 

ARCflYTAS, of Tarentum, a celebrated mathemati¬ 
cian, cosmogrupher, and Pythagorean philosopher, whom 
Horace calls 

-Maris ac Terr®, numoroque carc^ntis Aren®, 

Mensorem. 

He flourished about 400 years before Christ; and was the 
master of Plato, Eudoxus, and Philolaus. He gave a me¬ 
thod of finding two mean proportionals between two given 
lines, and thence the duplication of the cube, by means 
of the conic sections. His skill in mechanics was such, 
that he was said to be the inventor of the crane and the 
screw; and he made a wooden pigeon that could fly about, 
when it was once set off, but it could not rise again of it¬ 
self, after it rested. He wrote several works, though none 
of them arc now extant, particularly a treatise rS 
Tlarrif, Dc Universe, cited by Simplicius in Aristot* 
Categ. It is said he invented the ten categories. He ac¬ 
quired great reputation both in his legislative and mili¬ 
tary capacity; having commanded an army seven times 
without ever being defeated. He was at last shipwrecked, 
and drowned in the Adriatic sea. 

ARCTIC CirclCt is a lesser circle of (he sphere, parallel 
to the equator, and passing through tbc north pole of tbe 
ecliptic, or distant from the north or arctic pole, by a 
quantity equal to tbc obliquity of tbe ecliptic, which was 
formerly estimated at 23^ 30', but its mean quantity is now 
23^ 28' nearly. This, and its opposite, the antarctic circle, 
arc also called tbe polar circles, where the longest day and 
longest night arc 24 hours, and within all tbc space of these 
circles, at one time of the year, the sun never sets, and at 
the opposite season he never rises for some days, more or 
less according as the place is nearer the pole. 

Arctic Poky the north pole of the world, and so called 
from arsn, the bear, from its proximity to the 

<;0nstelfation of that name. 

ARCTURUS, a fixed star of the first magnitude, be* 
twecu the tbig^ of tbe consicllation Bootes. So culled 
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from flfxroj, bear, and ovfs, lail; as being near the bear’s 
tail. This star is twice mentioned in the book of Job, viz, 
ix. 9, and xxxviii. 32, by the name Aish, if the translation 
be ri^ht; and by many of the ancients under its Greek 
name Arcluru}. The Greeks gave the fabulous history of 
this star, or constellation, to thjs purport: Caltsto, who 
was afterwards, in form of the great bear, raised up into a 
constellation, tliey tell us, brought forth a son to Jupiter, 
whom they called Areas. That Lyacon, when Jupiter 
afterwards came to visit him, cut the boy in pieces, and 
served him up at table. Jupiter, in revenge, as well as 
by way of punishment, called dowti lightning to consume 
the palace, and turned the monarch into a wolf. The 
limbs of the boy were gathered up, to which the god gave 
life again, and he was taken and educated by some of the 
people. 1 lis mother, who was all this lime a bear in the 
woods, fell in his way; he chased her, ignorant of the 
fact, uiul,to avoid him, she threw herself into the temple 
of Jupiler; he hjllowcd her thither to destroy her; and 
this being death by the laws of the country, Jupiter took 
them both up into heaven, to prevent the punishment, 
making her the constellation of the great bear, and con¬ 
verting the youth into this single star behind her. 

Dr. Hornsby, theSavilian Profi-ssor of Astronomy, con¬ 
cludes that Arcturus is the nearest star to our system visi¬ 
ble in the northern hemisphere, because the variation of 
its place, in consequence of a proper motion of its own, is 
more remarkable than that of any other of the stars; and 
by comparing a variety of observations respecting both the 
quantity and direction of the motion of this star, be in¬ 
fers, that the obliquity of the ecliptic decreases at the rate 
of 68" in 100 years; a quantity which nearly corresponds 
to the mean of the computations framed by Euler, La- 
lande, and Laplace, on the principles of attraction. 
Philos. Trans, vol. 6'3. . 

AREA, in general, denotes any plain surface to walk 
upon ; and derived from arere, to be dry. 

Area, in Architecture, denotes tho space or site of 
ground on which an edifice stands. It is also used for 
inner courts, and such like portions of ground. 

Area, in Geometry, denotes the l . F 

superficial content of any figure. The 

areas of figures are estimated in squares- 

and parts of squares. Thus, suppose 

a rectangle EPOii have its length cii -- 

equal to 4 inches, or feet, or yards, 

&c, and its breadth bp equal to 3; its - 

area will then be 3 limes 4, or 12 
squares, each side of which is respec- t G 

tlvcly one inch, or foot, or yard, &c. The areas ofothcr 
particular figures may be seen under their respective names. 

The areas of all similar figures, are in the duplicate 
ratio, or as the squares of their like sides, or of any like 
linear dimensions.—Also the law by which the planets 
move round the sun, is regulated by the areas described 
by a line connecting the sun end planet; that is, the time 
in which the planet describes, or passes over, any arc of 
its ollipiic orbit, is proportional to the elliptic area de¬ 
scribed in that time by the said line, or tho sector con¬ 
tained by the sai<l arc and two radii drawn from its extre¬ 
mities t6 the focus in which the sun is placed. 

Area, in Cities. 8cc Field. 

ARENARIUS, the name of a book of Archimedes, in 
which he demonstrated, that not only the sands of the 
^rth, but even a greater quantity of particles than could 


be contained in the immense sphere of the fixed-stars, 
might be expressed by numbers, in a way by him invented 
and described. This notation proceeds by certain geo¬ 
metrical progressions; and in denoting and producing 
certain very distant terms of the progression, he here first 
of any one makes use of a property similar to that of lo¬ 
garithms, viz, adding the indices of the terms to find the 
index of their product. S<'c Archimedes. 

AREOM ETKK, Arjeometrum, an instrument to mea¬ 
sure the density or gravity of fluids. 

The areometer, or water-poise, is commonly made ol 
glass; consisting of a round hollow ball, which termi¬ 
nates in a long slender neck, hermetically sealed at top; 
having first as much running mercury pul into it, as will 
serve lo balance or keep if swimming in an erect >position. 

'I he stem, or neck, is divided into degrees or parts, which 
are numbered, to show, by the depth of its descent into 
any liquor, the lightness or density of it: for that fluid is 
heaviest in which it sinks least, and lightest in which it 
sinks deepest. 

Another instrument of this kind is described by Horn- 
berg of Paris, in the Memoirs of the Acad, of Sciences for 
the year 1699; also in the Pbilos.,Trun8. N’ 262, where a 
tabic of numbers is given, expressing the di-n>ity of various 
fluids, us determined by iliis instrument both in summer 
and winter. By this table it appears that the density, or 
specific gravity of quicksilver and distilled water, in the 
two seasons, were as follow, viz, 

in summer as - - 13‘6l to 1, 

in winter as - - 13*53 to 1; 

and the medium of these two isos 13*57 to 1. 

See the Philos. Trans, vol. 36, or my Abridg.vol.7, for 
the description and use of another new areometer. See 
also Hturombtf.r. 

AREOM ETRY, the science of measuring the gravity 
and density of fluids. Sec the Philos. Trans, vol, 68, forau 
essay on areometry, 8tc. Also my Abridgement, vol, 14. 

AREOSTYLE, in Architecture, a sort of intcrcolum- 
natiun in which the columns were placed at a greet dis¬ 
tance from one another. 

ARGETENAR, a star of the fourth magnitude, in the 
flexure of the constellation Eridanus. 

ARGO NAVIS, or the ship, is a. constellation of fixed 
stars, in the southern hemisphere, being one of the 48 old 
constellations. The number of stars in this constellation, 
arc, in Ptolemy’s catalogue 45, in Tycho Brahc^ 11, in 
Flamsteed’s 64. 

The Greeks tell us, that this was the noted ship in 
which the Argonauts performed that celebrated expedi¬ 
tion, which has been so famous in all their history. 

ARGUMENT, in Astronomy, is an arch given, by 
which another arch is found in some proportion to it. Hence, 

Argument <if Inclination, or Argument ^ I^Uttude, 
of any planet, is an arc of a planet’s orbit, intercepted 
between the ascending node, and the place of the planet 
from the sun, numbered according to the succession of the 
signs. 

Maistrual Argument qf LalUudct is the distance of 
the moon's true place from the sun’s true place.-—By this 
is found -the quantity of the real obscuration in eclipses, 
or how many digits arc darkened in any place. 

Atmml Aropusmt qf the moon’t a^gee, or simply. 
Annuel Argumatif is the distance of the sun’s place from 
the piece of the moon’s apogee ; that is, the arc of the 
ecliptic comprised between those two places'* 
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ARIES, or the Ram^ in Astronomy^ one of the con-- 
sUUalions of the northern hemispheres being the first of 
the old twelve signs of the zodiac, and marked <r in imi¬ 
tation of a ram's head. It name to a twelfth part of 
the ecliptic, which the sun enters commonly about the 
20th of March.—The stars of this constellation in Ptole¬ 
my's catalogue arc 18, inTycho llruhc's21, in Ileveliuss 
27, and in Flamsteed's 60: but they are mostly very 
small, only one being of the 2d magnitude, two of the 3d 
inagnilude, and all the rest smaller. 

The fabulous account of this constellation, as given by 
the Greeks, is to this cflect. That Nephelc gave PhryNus, 
her son, a ram, which bore a golden fleece, as a guard 
against the greatest clangers. Juno, the $tep*mother both 
of him and llelle, laid designs against their lives; but 
Phryxus, remembering the admonition of his mother, took 
his sister with him, and getting upon the back of tin* ram, 
they were carried to the sea. 'I'ho ram plunged in, and 
ihe youth was carried over; but Ilellc dropping ofl*, v^as 
drowned, and so gave name to the Hellespont. When he 
arrived in Colchis, iEeta the king received him kindly; 
and, sacrificing the ram to Jupiter, dedicated the fleece to 
the god ; which was afterwards carried oflTby Jason. '1‘he 
animal itself, they say, Jupiter snatched up into the hea¬ 
vens, and made of it the constellation Aries. They have 
other fables also to account for its origin. Rut it is most 
probable that the inventors of this sign, placed it there as 
the father of those animals which arc brought forth about 
ihc time the sun approaches to that part of the heavens, 
and so marking the beginning of spring. 

Aeies also denotes a battering ram; being a military 
engine with on iron head, much used by the ancient^, to 
butter and bi*;it down the walls of jdaccs besieged. Sec 
UASj,an(l Battering Rhjh. 

ARISTARCHUS, a celebrated Greek philosoplier and 
astronomer, was a native of the city of Samos; but of 
what date is not exactly known ; it must have been how¬ 
ever before the time of Archimedes, as some parts of his 
writings and opinions are cited by that author, viz, in his 
Arenarius; he probably flourished about 420 years be¬ 
fore Christ. He held the opinion of Pythagoras as to the 
system of the world, but whether before or after him, is un¬ 
certain, teaching that the sun and stars were fixed in the 
heavens, and that the earth moved in a circle about the 
sun, at the same time that it revolved about its own centre 
or axis. He taught also, that the annual urbitof the earth, 
compared with the distance of the fixed stars, is but as a 
point. On this bead Archimedes says, Aristarchus, the 
Samian, confuting the notions of astrologer^, laid down 
certain positions, from which it follows, that the )vorld is 
much larger than is generally imagined; for he lays it 
down, that the fixed stars and the sun are immoveable; 
and that the earth is carried round the sun in the circum¬ 
ference of a circle. On which account, though he might 
not sufier persecution ixid imprisonment like Galileo, yet 
he did not escape censure for his supposed impiety ; for it 
is said Cleanthus was of opinion, that Greece ought to 
have tried Aristarchus for irrcligion, for endeavouring to 
preserve the regular appearance of the heavenly bodies, by 
supposing that the heavens themselves stood still; but 
that the earth revolved in an oblique circle, and at the 
same time turned round its own axis. 

Aristarchus invented a peculiar kind of sumdials, men¬ 
tioned by Vitruvius^ There is extant of bis works only a 
treatise on the magnitude and distance of* the sun and 
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moon : this was translated into L:t(in, and commented r»n 
by Comrnandine, who fiibi published it with Pappus's Ex¬ 
planations, in 1572. br. Wallis afterwards publishid n 
in Grci k, with Comman<l]ni'*b Latin version, in 1688, anti 
which be inserted again m the 3d volotne of liis Matbe- 
malical Woiks, printeti in folio al Oxford, 1699* Iht* 
piece was anim.advortcd on by Mr. Foster, in his Mis¬ 
cellanies. I'here is anotlior piece w hich has gone under 
the name of Aristarchus, on the MundaJic System, 
parts, and motions, published in Latin by Hoberval, and 
by Mersenne, in his Mathematical Synopsis. But tbi» 
piece is censured, by Meiiagius (in Diog. l^aerl.). and Des¬ 
cartes, in his Epistles, as a fictitious piece of Rc^berval'?, 
and not the genuine woik of Aristarchus. 

AlUSl'O'rELlAN, something that relates totheplo- 
losoplier Aridtotle. Thus we >uy, an Aristotelian dogma, 
the .Aristotelian school, ike. 

A RiSTOTBi.f AN P/tUoiophyt the philosophy taught by 
AnstvOtle, and maintained by bis followers. It is other¬ 
wise called the Peripatetic Philo»ophy» from their prac¬ 
tice of teaching while they were walking.—'I'heprinciples 
of Aristotli $ philosophy, the learned agicc, are chiefly laid 
down in the four bonks de Ccclo. Instead of the more an¬ 
cient systems, iic introduced Matter, Form,and Privation, 
as the principles of all things; but it doc*$ not seem that 
he derived much benefit from them in natural philosophy. 
And bis doctrines are, for the most part, so obscurely ex¬ 
pressed, that it has not yet been satisfactorily ascertained, 
what were his sentiments on some of the most important 
subjects. He attempted to refute the Pythagorean doc¬ 
trine concerning the twofold motion of the earth; and 
pretended to <iomonstrato, that the matter of the heaven^ 
is ungenerated, incorrujitiblc, and not subject to any al¬ 
teration : and ho supposed that the stars were carried 
round the earth in solid orbs. 

ARISTOTELIANS, a sect of philosophers, so called, 
from their loader Aristotle, and arc otherwise called Peri¬ 
patetics.—^Tlic Aristotelians and their dogmata priwailed 
for a long while, ill the schools and universities; even in 
spite of all the efforts of the Cartesians, Newtonians, and 
other corpuscularians. But the systems of the latter have 
at length gained the ascendency; and the Newtonian phi* 
losophy in particular is now very generally received. 

ARISTOTLE, u Grecian philosopher, the son ofNico- 
machus, physician to Amyntas king of Macedonia, was 
born 384 years before Christ, al Stagiru, a town of Mace¬ 
donia, or, as others say, of Thrace; from which be is also 
culled the Stagirite. Not succeeding in the profession of 
arms, to which it seems be first applied himself, ho turned 
his views to pli^losophy, and at 17 years of age entered 
himself a disciple of Plalo, and attended in the academy 
till the death of lliat philosopher. Aristotle then retired 
to A lama, where l^e prince Hermias gave him his daugh¬ 
ter to wife. Repairing afterwards to the court of king 
Philip, he became preceptor to his son, Alexander the 
Great, whose education he attended for the space of 8 
years; and by the magnificent encouragement of this 
prince he was afterwards enabled to.procurc all sorts of 
animals, from the inspection of which to write their his¬ 
tory. On his quitting Mucedon, he settled at Athens, 
whiifc he established his school, having the Lyceum 
assigned him, by the magistrates, for the place of his in« 
struciioD or disputation; where be became the head and 
founder of the sect called after his name, as also Peripa¬ 
tetics, from the circumstance of bis giving io^iructiu^^s 
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uhilu walking, hui being here accused of impiety by 
P-urymedon, priest of Ceres, and fearing the fate of So¬ 
crates, lie retired to Chatcis, where he died at 63 years of 
age, and 3 years before Christ. Some say that he poisuii* 
e(J himself, others that he died of a colic, hihI others 
again prx'tend that he threw himself into the sea, for grief 
that he could not discover tlie cause of the flux an<l re¬ 
flux of the waters. I^aorlius, in his life of Aristotle, esti- 
males liis bo«'ks at the number of 4000; of which how¬ 
ever scarce 20 have come down to us ; these may be com¬ 
prised under tiw heads ; the first, ndating to poetry and 
rhetoric; tfu* second, to logics; the third, to ethics and 
politics; the fourth, to physics; ami the fifth, to meta¬ 
physics. In the scliools, Aristfi^le has been called the 
phdosopliei', and the prince of philosophers. Indeed, stich 
WMS the veneraiiou paid to him, (hat his opinion was al¬ 
lowed tr> stand on a level with reason itself: nor was any 
appeal from it admitted, the parties, in every dispute, be¬ 
ing obliged to show, that their conclusions were no less 
conforinahle to the doctrine of Aristotle than to truth. 

Aristotle's Mechanics were published in Greek and 
Latin, at Paris, in 4to, 1599» hy Henry Monanthol, phy¬ 
sician, and royal professor of the Mathematical arts, with 
a large commentary in Latin. I'hisisa very short tract, 
and consists chiefly in explaining the reasons or causes of 
certain motions, ami machines, and natural effects; some 
being true, and others erroneous. In explaining many 
physical phenomena, he takes occasion to advert to the 
properlii'S of the simple mechanical powers, the lever, the 
balance, the staiera, the wheel-and-axlc, the wedge, the 
screw, and the pulley; of which, most or all, he ob¬ 
serves, may be referred to the lever, by means of which 
ino^t mechanical effects arc produced.—The form of the 
work, is by way of answering certain queries, and explain¬ 
ing natural eflccts, and seeming contraries or paradoxes: 
ns 

!. Ofa circular line which, without any breadth, has 
both convexity and concavity. 

2. How two things, the one moving the other, may 
move contrary ways at the same lime ; as when one wheel 
turns another, by means of teeth on their circumferences, 
>^)nlc the one turns from right to left, the other turns 
from left to right. 

3. In K balance, because a greater line revolves circu¬ 
larly quicker than a less, therefore the larger balances are 
more exact than the smaller. 

4. That two lines moved parallel wise, in different di¬ 
rections, with velocities having always the same ratio, 
ha^c their intersection always in the diameter or diagonal 
of the parallelogram having its sides in the directions of 
ilic motions. Or, one line moved patnllclwise, while a 
point moves along the line, with a mutton in a constant 
ratio to that ot the line; the point moves always in the 
diagonal of the said parallelogram. And this is the same 
ns the celebrated theorem of the pamllclognim of motions, 
or of forces. But If the motions be not always in the same 
ratio, then the intersections will not be In the diagonal of 
u parallelogram. 

5. On the variable motions, to cause the intersections 
to describe the periphery of a circle. 

6 . On the affections and properties of scales or balances. 

7. On the cause of the power of the le\‘er.—That the 
' weight and power arc reciprocally proportional to thtsarms 

of the lever. 

8. licnee the reason why the oars arc the most eflica- 


cious of those rowers who arc seated in the middle of the 
ship. 

9 . On the cause of the power of the rudder, in turning 
the ship. 

10. On the cause of the power of the sail-yard in a ship. 

As the yard is placed higher up, on the must, so much 
quicker will the ship be moved, with the same wind and 
il\c same sail; because the lever (or distance up the mast) ^ 
is so much the longer. 

11. Oti shifting the sails and rudder when turning llic 
corners and windings of a river. 

12. Why round or circular figures arc more moveable* 

13 . Why (he greatest circles are the most moveable. , 

14. Why balisla without weight arc more easily moved. 

15 . Why a heavy or loaded carriage is easier than a 
light or running one. 

16 . Why a stone is thrown farther from a sling, than 
when throsvn by the hand. 

17 . On llie wheel-and-axle, and tooth-and-pinion work. 

18. On the breaking of wood. Wliy a stick is more ea¬ 
sily broken over the knee, when the extremities are held 
by the hands, than w hen held nearer the middle. 

19 . On the rouiidncss of pebbles, or why those about 
the sca-shorc arc round ; viz, from the continual rolling 
by the motion of the waters. 

20. Why w<iod is weaker as it is longer. 

21. The cause of the power of the wedge, is chiefly ow* 
ing to percussion. 

22. Of the pulley or little whc*ol. 

23. Why an ax by striking divides; but by pressing 
not: because in the former wny it acts as a thin wedge. 

24. i>f the Statcra, or Steel}ard. 

25. Of the Dentiduco, orTouthdriwcr. 

26 . Of the Nutcracker. 

27. Why, in a Rhombus, both the extreme points do 
not describe or pass over equal right lines. That is, ei¬ 
ther extreme point moving along an adjacent side, while 
that side is carried by an equal parallel motion, then the 
point describes the adjacent diagonal of the rhombus. 
But the diagonal connecting the acute angles of the rhom¬ 
bus, being greater than the other W'hich connect the ob¬ 
tuse angular poin(!>; thcreforv the motion of tbe acute an¬ 
gular point, is so much greater than (hat*of the other. 

28. Why a greater circle revolves equally with m less, 

when posifed about the same centre. . . 

29 . Of Beds.—Why the sides of a bed arc made in a 
double ratio; the one being 6 feet, or little more; the 
other only 3. And why the cordings arc not extended diu- 
gonalwise. Or that they be made in such magnitude as to 
correspond with 'the bodies. For thus the sides will be 
double, as 4 cubits in length, and 2 in breadth. 

30. Why it is more difficult to support a lung stick at 
tbe extremity of the arm, than in the middle of it. 

31. Why it is more difficult to support, at the extremity 
of the arm, a very long weight, than u short one. 

32. Why a tolicno for drawing water, acts belter as it 
works with n heavy weight ul the end of (he cross bar. 

33. Why, when two men carry a weight on a pole be- 
'tween them, they are not equally pressed when it is not in 
the middle between (hem. 

34. Why those who fisc up from a seat, put themselves 

into a purticular position; vit, putting their feet back- 
ivards, and bending their body forward. * 

35. Why a moving body is more easily moved, than a 
quiescent one 
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36. Why a lath or rod projeclcd loses of its raolion,— 
This, and the former cause, Aristotle sccros not to under* 
stand. 

37. Why any thing proceeds not on in the direction of 
its motion, but relaxes, when impelled in the contrary di¬ 
rection. As, when its weight causing it to descend dow n¬ 
wards, is greater than the impulsive force can impel it up¬ 
wards. 

38. Wliy any things, either small or large, when pro¬ 
jected, do not go far. 

3p. Why alight body, floating in a vortex of water, goes 
into the middle of the vortex. 

AKITJIMFITIC, is the art and science of numbers; or, 
that part of mathematics which considers their powers and 
properties, and teaches how to compute or calculate tru¬ 
ly, with case and expedition. It is by some authors also 
defined the science of discrete quantity. Arithmetic con¬ 
sists chiefly in the four principal rules or operations of 
Addition, Subtraction, ^Iullipllcation, and Division; to 
which may perhaps be added involution and evolution, or 
raising of powci^ and extraction of roots. But besides 
these, for the facilitating and expediting of computations, 
mercantile, astronomical, ice, many other useful rules 
have been contrived, which are applications of the former, 
such as, the rules of proportion, progression, alligation, 
false position, fellowship, interest, barter, rebate, equa¬ 
tion of payments, reduction, tare and tret, &c ; besides 
the doctrine of the curious and abstract properties of 
numbers. 

Very little is known of the origin and invention of arith¬ 
metic. In fact it must have commenced with mankind, 
or as soon as Hicy began to hold any sort of commerce to- 
gellier; and mu^t have undergone continual improvements, 
as occasion was given by the extension of coinmcrcc, and 
by the discovery and cultivation of other sciences. It is 
therefore very probable that the art has been greatly in¬ 
debted to the Plioenicians or Tyrians; and iiufecd Proclus, 
in his commentary on the first book of Euclid, says, that 
the Phoenicians, by reason of their Iraflic and commerce, 
were accounted the first iriventors of Arithmetic. Fiom 
Asia the art passed into Egypt, whither it was carried by 
Abraham, according to the opinion of Josc*phu8. Here it 
was greatly cultivated and improved; insomuch that a 
considerable part of the Egyptian philosophy and theology 
irem^ to have turned altogether upon numbers. Hcncc 
those wonders related by them about unity, trinity, with 
the nun^ben 4,*7, 9, &c. In e&ct, Kirchcr, in his Oedip. 
/Egypt, shows, that the Egyptians explained every thing 
by numbers; Pythagoras himselfaflirming, that the nature 
of numbers pervades the whole universe; and that the 
knowledge of numbers is the knowledge of the Deity. 

From Egypt arithmetic was transmitted to the Gri^cks, 
by means of Pythagoras and other travellers; among whom 
it was greatly cultivated and improved, as appears by (he 
writings of Euclid, Archimedes,'and others: with these 
improvementf it passed to the Romans, and from them it 
has descended to us. 

The nature of the arithmetic however that is now in 
use, is very difibrent from that above alluded to; this art 
having undergone a total alteration by tbc introduction of 
the Arabic or Indian notation, about 8 or 9 hundred years 
since, into Europe: so that nothing now remains of use 
from the Gmks, but the theory and abstract properties of 
iiumben, which have no dependence on the peculiar na* 
ture of any particular scale or mode of notation* That 


used by ihe Hebrews, Greeks, and Romans, was chiefly by 
means of the lelicra r.f iheir alphabets. The Greeks, par¬ 
ticularly, had twodiHVrem methods ; the first of those was 
much the same with the Roman notation, which issuflici- 
ently well known, being siiil in common use with us, to 
denote dales, chapters and sections of books, &c. After¬ 
wards they had a belter method, in which the first nine let¬ 
ters of their alphabet represented llic first numbers, from 
one to nine, and the next nine Utters represented any 
number of ten>, from one to nine, tliat i$, 10, 20, 30, &c, 
to 90 . Any number of hundreds they expressed by other 
letters, supplying what they wanted with some other marks 
or characters : and in this order they went on, using the 
same letters again, with some dificrent marks, to c^pre^s 
lliousunds, tens of thousands, hundreds ot thousands, Cicc : 
in which it is evident that they approached very near to 
the more pi^rfect decuple scale of progn^ssion used by the 
Arabians, and who acknowledge that they had received it 
from the Indians. Archimedes also invented another pe¬ 
culiar scale and notation of his own, which be employed 
in Ids Arenarius, to compute the number of Uic santls. 
Ptolemy is supposccl to have invented the sexagesimal di¬ 
vision of nuiubeis, with its peculiar notation and opera- 
tior^s: a mode of computation still used in astronomy,&c, 
for the subdivisions of the degrees of circles. Those no¬ 
tations however wore ill adapted to the practical opera¬ 
tions of arithmetic: and hence it is that the art advanced 
but very little in this part; for, setting a^idc Euclid, who 
has given many [ilajn and useful properties of numbers in 
hjs Elements, and Archimedes, in his Arenarius, they 
mostly consist in dry and tedious distinctions and divisions 
of numbers ; as appears from the treatises ol Niconiachu'', 
supposed to be wiitten in the 3d century of Rome, and 
published at Paris in 1538; as also that of Boethius, writ¬ 
ten at Rome in the 6lh century. A compendium of the 
ancient aritbraclic, wTillen in Greek, by Psellus, in the 
9th century, was published in Latin by Xylandcr, in 1556, 
A similar work was written soon after in Greek by Judo- 
cus Willichius; and a more ample work of the same kiinl 
was written by Jordanus, in the year 1200, and published 
with a comment by Faber Stapulcnsis in 14S0. 

Since tlie introduction of the Indian notation into Eu¬ 
rope, about the lOlh century, arithmetic has greatly 
changed iu form, the whole algorithm, or practical ope¬ 
rations with numbers, beiog quite altered, as the notation 
required; and the authors of arithmetic have gradually 
become more and more numerous. This method was 
brought into Spain by the Moors or Saracens; whither the 
learned men from all parts of Europe repaired, to lenm 
the arts and science's of them* This, Dr. Wallis proves, 
began about the year 1000; particularly that oneGerbert, 
a monk, afterwards pope Sylvester the 2iid, who died in 
the year 1003, brought this art from Spain into France, 
long before the dale of his death : and that it was known 
in Britain before the year 1150, w here it was brought into 
common use before 1250, as appears by the treatise of 
arithmetic of JalmiiHies.de Sacro Bosco, qr Halifax, who 
died about 1256. Since that time, the principal writers 
on this art have been, Barlaum, Lucas de Burgo, Tonstall, 
Avcnlinus, Purbneb, Cardan, Scheubclius, Tartalia, Fa¬ 
ber, Siifelius, Regius, Recorde, Ramus, Maurolycus, Hc- 
mischius, Pclctarius, Stevinus, Xylander, Kersey, Sncilius, 
Tacquet, Clavius, Metius, Gemma Frisius, Butco, Ursinus, 
Rornunus, Napier,Ceulcn, Wjn^te, Keplct,Briggs, Dlacq, 

Oughtred, Crugcr, Van ^hooicn, Wallis, Deg, Newton, 

11 w ^ 
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IMoi land, Moorc.Jpakc, Ward, Hatton, Malcolm, &c, ^cc; 
llic particular inventions or excellencies of whom, will be 
noticed under the articles of the several species or kinds of 
arithinc'iic here f<)llo«vin‘», which may be included under 
tticse heads, viz, 'I heoretical, Practical, Instrumental, Lo 
eantlmiica), Numerous, Specious, Universal, Common or 
Decadal, Fractiunal, Radical or of Surds, Decimal, Duo¬ 
decimal, Sexagesimal, Dynamical or Binary, Tetractycal, 
Political, &c. 

Theoreiicul A a itiim F.Tic, is the science of the proper¬ 
ties, relations, ivc, of numbers, abstractedly considered ; 
with till- reasons and demonstrations of the several rules. 
Such is that contaiiKd in the 7th, 8th, and 9th books of 
Euclid's F.lcnieiits; the Logistics of Bnrlaam the monk, 
published in Liitin by J. Chambers, in l600; the Summa 
Arithmetica of Lucas dc Burgo, printed 1494, who gives 
the several divisions of numbers from Nicomaclius, and 
their properties from Lucliil, with the algorithm, both in 
integers, fractions, extraction of roots, &c; hlalcolm's 
New System of Arithmetic, Theoretical and Practical, in 
1730, in which the stibjecl is very completely treated, in 
all its branches, &c. 

Practical Aritioi F.TIC, is the art or practice of num¬ 
bering or computing; that is, from certain numbers given, 
to find others which shall have any proposed relation to 
the former. As, having the two numbers 4 and 6 given ; 
to find their sum, which is 10; or their difference, which 
is 2; or their product, 24; or their quotient, l|; or n third 
proportional to them, which is 9; &c.—Lucas de Burgo's 
works contain the whole practice of arithmetic, then used, 
as well as the theory. Tunslall gave a neat practical trea¬ 
tise of Arithmetic in 1526; as did Stifelius, in 1544, both 
on the practical arid other parts. 'I'arlalcn gave an entire 
body of practical arithmetic, which was printed at Venice 
in 1550, consisting of two parts; the former, the applica¬ 
tion of arithmetic to civil uses; the latter, the grounds of 
algebra. And most of the authors in the list before enu- 
mernlcd, joined the practice of arithmetic with (he theory. 

Bmoiy or Dynd/r Arithmetic, is that in which only 
two figures are used, viz, 1 and 0. See BiNARY.>-Lcibnitz 
and I)c Lagny both invented an arithmetic of this sort, 
about the same time: and Dangicourt, in the Miscel. Be- 
i^ol. gives a specimen of ihe use of it in arithmetical pro¬ 
gressions ; where he shows, that the laws of progression 
may be more easily discovered by it, than by any other 
method where more characters arc used. 

Common or Vuli>ar Arithmetic, is that which is con¬ 
cerning integers and vulgar'fractions. 

Decimal or Decadal Arithmetic, is that which is per¬ 
formed by a series of ten characters or figures, the pro¬ 
gression being ten-fold, or from I to lO’s, 100’s,&c; which 
includes both integers and decimal fractions, in the com¬ 
mon scale of numbers} and the characters used are the 
ten Arabic or Indion figures 0, 1, 2, 3, 4. 5, 6, 7, 8, 9- 
1 his method of arithmetic was not known to the Greeks 
and Romans; but was borrowed from the Moors while 
they possessed agreat part of Spain, and who acknowledge 
that it came to them from the Indians. It is probable 
that this method took its origin from the ten fingers of the 
hands, which were used in computafioni before arithmetic 
was brought into an art. The Eastern missionaries assure 
us, that to this day the Indians are very expert at edmpu- 
liug on their fingers, without any use of pen and ink. And 
it is asserted, that the Peruvians, who perform all compu¬ 
tations bv the dilTcrciit arrangements of groins of maize, 


outdo any European, both for certainty and dispatch, with 
all his rules. 

Duodecimal Arithmetic, is that which proceeds from 
12 to 12, or by a continual subdivision according to 12. 
'i'his is greatly used by must artificers, in squaring or cal¬ 
culating (he quantity of their work; as Bricklaycn, Car¬ 
penters, I'ainters, Tilers, 6cc. 

Froc/tonaf Arithmetic, or Q/’/rartion4, is that which 
treats of fractions, both vulgar and decimal. 

Hartnonical Arithmetic, is so much of the doctrine of 
numbcis, as relates to making the comparisons, reduc¬ 
tions, &c, of musical intervals. 

Arithmetic of Infinites, is the method of summing up 
a series of numbers, of which the number of terms is infi¬ 
nite. This method was first invented by Dr. Wallis, as 
appears by his treatise on tliat subject; where he shows 
its uses jn geometry, in finding the areas of superficies, the 
contents of solids, &c. But the method of fluxions, which 
is a kind of universal arithmetic of infinites, performs all 
these more easily; as well as a great many other things, 
which the former cannot reach. 

Instrumental Arithmetic, is that in which the common 
rules are performed hy instruments, or sonic sort of tangi¬ 
ble or palpable substance. Such arc ihe methods of com¬ 
puting by the ten fingers and the grains of maize, by the 
East-lndians and Peruvians, abovc-inenliuncd; by the 
Abacus or Shwanpan of the Chinese; the several sorts of 
scales and sliding rules; Napier’s bones or rods; the arith¬ 
metical machine of Pascal, and others; Sir Samuel Mor- 
land’s instrument, described in l666; that of Leibnitz, de¬ 
scribed in the Miscell. Berol.; that of Polenus, published 
in the Venetian Miscellany, 1709; and that of Dr. Saun- 
derson, of Cambridge, described in the introduction to bis 
Algebra. 

Integral Arithmetic, or of vttegers, is that which re¬ 
spects integers, or whole numbers. 

Literal AmTiiMr.Tic, or Jtgebra, h that which is per- 
formeil by letters, which represent any numbers indefinitely. 

Logarithmical Arithmetic is performed by the tables 
of logarithms. These were invented by baron Napier; 
and the best treatise on the subject, is Drigg's Arithmetica 
Lugarithmica, l624. 

Logistical Arithmetic. Sec Logistical. 

Numerous or Numeral Arithmetic, is that which 
teaches the calculus of numbers, or of abltract quantities; 
and is performed by the common numeral or Arabic cha¬ 
racters. 

Political Arithmetic, is the application of niitbroctic 
to political subjects; such as, ihe strength and revenues of 
nations, the number of people, births, burials, &c. See 
Political Arithmetic. To this head may also be referred 
the doctrine of Chances, Gaming, &c. > 

Arithmetic of Radicals, Rationals, and Irrationals. 
See Radical, 6cc. 

Arithmetic q/* S/nes. Sec Sines. 

Sexngaimal or Sexagenary Arithmetic, is that which 
proceeds by sixties; or the doctrine of sexagesimal frac¬ 
tions : a method which, it is supposed, was invented by 
Ptolemy, In the 2d century; at least they were used by 
him. in this notation, the integral numbers from, 1 to 59 
were expressed in the common way, by the alphabetical 
Ictlcre: then sixty was called a Sexagena Prime, and mark¬ 
ed. with a dash to the character i, thus i'; iwicc sixty, or 
120 , thus ii'; and so on to 59 times 60, .or 3540, which U 
Again, 60 times 60^or 3600, was called Sexagena 
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Secumla, and marked wilb two dashes, lliusi"; twice 3600, 
(bus It"; and ten times 3600, thus x"; &:c. And in this 
way the notation was continued to any length. But when 
a number less than sixty was to be joined with any of the 
sexagesimal integers, their proper expression was annexed 
without the dash: thus 4 times 6o and 25, is iv'xxv; 
the sum of twice 60 and 10 times 3600 and 15, is x ii xv. 
So near did the inventor of this method approach to the 
Arabic notation: instead of the sexagesimal progression, 
h(! liad only to substitute decimal; and to make the signs 
ofnumbcTs, from 1 to 9, simple characters, and to intro¬ 
duce another character, which should signify nothing by 
itself, but serving only to fill up places.—'rhe Soxagena* 
Intc®rorum were soon laid aside, in oidinary calculations, 
after the introduction of the Arabic notation; but the 
fit'xagesiinal fractions continued till the invention of deci¬ 
mals, and indeed arc still used io the subdivisions of the 
degrees of circular arcs and angles; except by the French, 
who now divide their circles into 400®; and were it not 
for the difficulty in overcoming the prejudices for old esta¬ 
blished customs, this method would doubtless be generally 
introduced, as it is much better in practice than tliat in 
common use. 

Sam. Reyher has invented a kind of sexagcnal rods, in 
imitation of Napier’s bones, by means of which the sexa¬ 
gesimal arithmetic is easily performed. 

A good treatise on the Greek or Scxagcnaiy Arith¬ 
metic has lately (1808) been given by M. Dclambrc, in 
F. Peyrard's French translation of the works of Archi¬ 
medes; and a very good accoUnl is given of the same in 
the Edinburgh Review, vol. 18, pa. 185. 

Speciout AatTiiUETic, is that which gives the calculus 
of quantities as designed by the letters of the alphabet: a 
method which wa.s more generally introduced into alge¬ 
bra, by V'ieta; being llie same as literal arithmetic, or al¬ 
gebra.—Dr. Wallis lias joined the numeral with the lite¬ 
ral calculus; by which means he has demonstrated the 
rules for fractions, proportions, extraction of roots, &c; 
of which a compendium is given by himself, under the ti¬ 
tle of Elcmenta Ariibmcticais io the year I698. 

Tabular Arithmetic, is that in which the operations 
of multiplication, division, &c, are performed by means of 
tables calculated for that purpose : such as those of Her- 
wart,in l6i0; and iny tables of powers and products, pub¬ 
lished by order of the Commissioners of Longitude, in 1781. 

Tetraciic Arithmetic, is that in which only the four 
cbaracti'n 0, 1,2, 3, arc used. A treatise of this kind of 
arithmetic is extant, by Erhard or Echard Weigel. But 
both this and binary arithmetic are little better than cu¬ 
riosities, especially with regard to practice; as all num¬ 
bers arc much more compendiously and convenieutl^ ex¬ 
pressed by the common decuple scale. 

Vulgar, or Common Arithmetic, is that which relates 
to integers and vulgar fractions. 

C/’/tirerM/A kithmetic, is the name given by Newton 
to the science of algebra ; of which he left at Cambridge 
an excellent trcatisi', being the text-book drawn up for the 
use offals lectures, while be was professor of matfaeroaiics 
in that university. 

ARITHMETICAL, something relating to, or after the 
tnanner 'uf arithiin-tic. . 

AaiTiiUETiCAL Complement, of a logarithm, is what the 
logarithm wants of I0*U0000 &c; and the easiest way to 
find it is, beginning at the left hand, to subtract cver^ fi¬ 
gure from 9, and tlic last from 10, So, the arithmetical 
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complt mint of 8*2501396 i» 17498604.—It is commonly 
used in trigonometrical calculations, when the first term 
of a proportion is nut radius; in that case, adding aR to¬ 
gether, the logaritlims ol ihe 3d,2d,and arithmetical corx- 
plcment of tiie )si term 

ARtTHMETiCAX. In truments, or Machines, are instru¬ 
ments for performing arithmetical computations; such as 
Napier'sbones, scales, sliding rules, Pascal’s machine, &c. 

Arithm ETiCAL d2c«n, or Medium, is ihe middle term 
of three quantities in arithmelical progression; and is al¬ 
ways equal to half the sum of the extremes. So, an arith¬ 
metical mean between 3 and 7, is 5 ; and between a and 
b, is ia -i- ib. 

Also, .an arithmetical mean among any number of quan¬ 
tities, is often found by adding the quantities all together, 
and then di\i(liiig the sum by the number of the terms. 
So, of the six numbers 1, 3, 4, 6, 7, 9> the sum is 30, 
which dividid by 6', gives 5, for the mean or medium :i- 
iiiong them all. 

Alt mi METiCAl. rrogression.'is a series of three or more 
quantities that have all the same common difTeiencc: as 
3, 5, 7, ^'vc, which lutvc the common difference 2; and «, 
a -r d, a ‘2d ike, which have all the same difference d. 

In an arillimetical progression, the chief properties arc 
these : 1st, 'Fhe sum of any two terms, is equal to the sum 
of every other two that are taken at equal distances from 
the two former, and equal to double the middle term when 
there is one equally distant between those two; so, in the 
scries 0, 1,2, 3, 4, 5, 6, iS:c, 0 -+• 6 = I - 1 - 5 = 2 -»• 4 = 
twice 3 or 6.—2d, The sum of all the terms of any uritli- 
mciical progression, is equal to the sum of as many terms 
of which each is the arithmetical mean between the ex¬ 
tremes; or equal to half the sum of the extremes multi¬ 
plied by the number of terms: so, the sum of tbc*sc ten 

terms 0, 1, 2, 3, 4, 5, 6, 7, 8. 9< is —“ * 10, or 9 x 5, 

which is 45: and the reason of this will appear by invert¬ 
ing the terms, setting them under the former terms, and 
adding each two together, which will make double Ihe 
same series; 

thus 0, ], 2, 3, 4, 5, 6, 7, 8, 

inverted 9i 8, .7« b, 4, 3, 2, 1, 0, 

sums 9, 9, 9, 9, 9. 9. 9. 9. 9, 9; 

where the double series being the same number of 9’s, or 
sum of the extremes, the single series must be the half of 
that sum.—3d, The last, or any term, of such a scries, is 
equal to the first term, with the product added of the com¬ 
mon difference multiplied by I less than the number of 
terms, when the series ascends or increases ; or the same 
product subtracted when the scries descends or decreases: 
so, of the series 1, 2, 3, 4, &c, whose common difference 
is 1, the 50th term is I 1 x 49 , or I -r- 49 , that is 50i 
and of the series 50, 49, 48, &c, the 50lh terra is 50 — 
1 X 49, or 50 — 49 , which is 1. Also, if 

a denote the least term, 
s the greatest term, 
d the common difference, 
n the number of the terms, ^ 

and s the sum of them all; • 

then the principal properties are expressed by these equa¬ 
tions, viz, s = a -I- d(n — 1), 

. 0 = 8— d{n — 1), 

« ss a -t- 2 )|n, 
a =s [z — id(n — 1)3 n,, 

j = fa -r- Jd(n — 1)] ». 

♦ 
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Also, ss hen the first term a, is O or nothing; the theorems 
hcconie 2 = </ (w — 1), and s = \tn. 

AtitTiiMETiCAL Proportion,13 when ibo difference be¬ 
tween two terms, is equal to the difference between two 
other terms. So, the four terms, 2, 4, 10, 12, are in a- 
1‘illimctical proportion, because the difference between 2 
and 4, whicli is 2, is equal to the difference between 10 
nnd 12,—'I'he princifial properly, besides the above, and 
which indeed depends upon it, is thi>-, that the sum of the 
first and last, is equal to the sum of the two means; so 2 

12, or the sum of 2 and 12, is equal to 4 10, or the 

sum of 4 and 10, wliich is 14. 

Arithmetical Haiio, is the same as the difference 
of any two terms : so, the arithmetical ratio of the series 
2, 4, 6, 8, is 2; and the arithmetical ratio of a am) b, is 
a — b. 

Arithmetical Scn!es, a name "iven by M. Buffon, in 
the Memoirs of the Acail. for 1741, to dittcrent progres¬ 
sions of numbers, acconling to which, arithmetical com¬ 
putations miglit he made, ft has already been remarked 
above, that our common decuple scale of numbers was 
probably derived from the numher of fingers on the two 
hands, by means of which the earliest ami most natural 
mode of computation was performed ; and that other scales 
of numbers, formc<l in a similar way, but ofadiflerent 
number of characters, have been devised; such as the bi¬ 
nary and tclractic scales of arithmetic. In the memoir 
above cited, Buffon gives a short and simple mclhoil to 
find, at once, llie manner of writing down a number given 
in any scale of numbers m halevcr; with remarks on dif¬ 
ferent scales. The general effect of any number of cha¬ 
racters, different from ten, is, that by a smaller number 
of characters, any givin number would require more 
places of figures to express or denote it by, but then arith¬ 
metical calculations, by multiplication and division, would 
be easier, as the small numbers 2, 3, 4, &c, are easier to 
use than the larger 7, 8, 9; atid by employing more than 
ten characters, though any given number would be ex¬ 
pressed by fewer of them, yet the calculations in arith¬ 
metic would be more difficult, as by the larger numbers 
11 , 12, IJ, Ate. It is therefore concluded, on the whole, 
lhai the ordinary decuple scale is a good convenient me¬ 
dium among them all, the numbers expressed being tole¬ 
rably short and compendious, and no single charHctcr re¬ 
presenting to6 large a number. The same might also be 
said, and perhaps more, of a duodecimal scale, by twclsT: 
characters, which would express oil numbers in n more 
compendious way than the decuple one, aiul yet no single 
character would represent a number too largo to compute 
by; as is confirmed by the now common practice of ex¬ 
tending the multiplication table, ht school books, to 12 
numbers or dimensions, each way, instead of 10; and 
every person is taught, tviib sufficient ease, to multiply 
and divide by 11 and 12, hs easily as by S or 9 or 10. 
Another convenience might be added, namely, that the 
number 12 admitting of more submultiples than the num¬ 
ber 10, there would be fewer expressions of interminate 
fractions in that Way than in decimals. So that on all 
accounts,'it is very probable that the duodecimal would 
be the best of any scale of numbers whatever. 

ABiTiiMETiCAL71-j<ing/e. SpcTrianole Arilhmeticnl. 

AHMED. A magnet or loadstone is said to be armed, 
when it is capped, cased, or set in iron or steel; to make 
it take up a greater weight; and also readily to distin¬ 
guish its poK'S. 


It is surprising, that a little iron fastened to the poles 
of a magnet, should so greatly improve its pbwer, as to 
make it even 150 times stronger, or more, than it is na¬ 
turally, or whoi) unarmed. The effect however, it seems, 
is not uniform ; but that some magnets, by arming, gain 
much more, and others much less, than one wuuld ex¬ 
pect ; and that some magnets even lose some of their cfli- 
cucy by arming. In general however, the thickness of 
the iron armour ought to be nearly proportioned to the 
natural strength of the magnet; giving thick irons to a 
strong magnet, and to the weaker ones thinner; so that 
a magnet may easily be over-loaded. 

The usual .armour of a load-stone, in form of a ri^ht- 
angled parallclopipcdon, consists of two thin pieces of iron 
or steel, of a square figure, and of n thickness propor¬ 
tioned to the goodness ol the stone; the proper thickness 
being found by trials; always filing it thinner and thin¬ 
ner,'till the effect be found to be the greatest possible.— 
The armour of a spherical load-stone, consists of two steel 
shells, fastened together by a joint, and covering a good 
part of the convexity of the stone. 1 his also is to be filed 
away, till the effect is found to be the greatest. 

Kircher, in his book Dc Magneto, says, that the best 
way to arm a load-stone, is to drill a hole through Jhe 
stone, from pole to pole, in which is to be placed a steel 
rod of u inorlerate length : this rod, he asserts, will take 
up more weight at the end, than the stone itself when 
armed in the common way. And Gassendus ami Cabaus 
prescribe the same method of arming. Bui Muschcii- 
broek found, by repealed trials, that the usual armour, al¬ 
ready mentioned, is preferable t(» Kircher’s; and he gives 
the following dircctidns for preparing it. Whm, by means 
of steel filings ami n small niH-dlc, the poles of a magnet 
have been discovered, he directs that the adjacent parts 
should be rubbed or ground into parallel planes, tvithot|t 
shortening the polar axis; and the magnet may be afiei- 
wards shaped into the figure of a cube or parallelopipcdon, 
or any other figure that may be more convenient. Plates 
of life softest iron arc then prepared, of the same length 
and breaelth with the whole polar sides of the magnet: 
the thickness of which plates, so as that they may admit 
and convoy the greatest quantity of the magnetic virtue, 
is to be previously determined by experiment, in a man¬ 
ner which he prescribes for the purpose. A thicker piece 
of iron is to be annexed at right angles to these plates, 
which is called pes armaturae, the fool or base of the ar¬ 
mour: then the plates, nicely smoothed ami polished, ore 
to be firmly attached to each of the polar sides, while the 
thicker part or base is brought into close contact with the 
lower part of the magnet. In this way, he says Blmo.«t 
■ all the magnetic virtue issuing from the poles, enters into 
the armour, is directed to the base, and condensed^ by 
means of its roundness, so as to sustain the greatest weight 
of iron. Phys. Exper. and Georo. Dissert. 1729» pa* iSl. 

ARMILLARY Sphere, a name given to the artificial 
sphere, composed of a number of circles of metal, wood, 
or paper, which represent the several circles of the ^tem 
of the world, put together in their hatural order. It serves 
to assist the imagination to conceive the disposition of the 
heavens, and the motion of the celestial bodies. 

This sphere is represented at Plate 2, Fig. <5, where t 
and Q represent the poles of the world, ad the equator, 
EL the ecliptic and zodiac, paod the meridian, or the 
solstitial colure, t the earth, ro the tropic of cancer, nr 
the tropic of capricorn, un the arctic circle, ov the anb* 
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arciic, N anil o the poles of the ecliptic, and RS the 
horizon. * 

The Arroillary sphere constructed by Dr. Ixng, in Pern- 
broke-hall, Cambridge, Mas 18 feet io diameter; and will 
contain more than 30 persons sitting within it, to view, as 
from a cenire, the representation of (he celestial spheres. 
The lower purl of the sphere, which is not visible to Eng¬ 
land, is cutoff'; and the whole apparatus is so conirived, 
that it may be turned roun<) with ;is little labour as is em¬ 
ployed to wind up a common jack. Sec also Mr. Fergu¬ 
son's sphere, in bis Lectures, p. 194. 

Aruillatiy Tr/go;iome(er, an instrument first contrived 
by Mr. Mungo Murray, nnd improved by Mr. Ferguson, 
consisting of five semicircles; viz, meridian, vertical cir¬ 
cle, horizon, hour circle, and equator ; so adapted to each 
other by joints and hinges, and so divided and graduated, 
as to serve lor expeditiously rcsohing many proldoins in 
astronomy, dialling, and spherical trigonometry. The 
drawing, <U-scripiion, and method of using it, may be seen 
in Feiguson's Tracts, pa. 80, dec. 

AUULLERY, the heavy equipage of war; coiOjjre- 
hending all sorts of large tirc-anns, with their appurte¬ 
nances ; as cannon, mortars, howjtzei*s, carrcuuicles, balU, 
shells, petards, inusquets, carbines, &c; being what is 
otherwise cal.ed Ordnance. I'hc term is also applied to 
I he larger in>lrumcnts of war used by the ancients, as the 
ratapult, balista, batleriug*ram, &c. 

The term Artillery, or Uoyal Artillery, is also applied 
to the persons employed in that service; as also to the art 
or science itself; and formerly it was used for what is 
otherwise called Pyrotcchnia, or ihcartof fire-works, with 
the apparatus and instruments belonging to the same. 

There have been many authors on the subject of artil¬ 
lery; the principal of which arc, Bueberius, Bruunius, 
Furtalca, Collado, Sar<li, Ufuno, Hauzclei, Diggs's, Mo- 
rettJ, Simienowitz, Mictb, cl'Avelour, Mancssoii, Mullet, 
St. JuiicD; and the later authors, of still more conse¬ 
quence, are Belidor, St. Ilcmy, Ic Blond, Valiere, Moro- 
gue, Puget. Coudray, Robins, Muller, Euler, Antoni, Tig- 
nola, Schccle; to which may be added the extensive and 
accurate experiments published in the 2d and Sd volumes 
of my Tracts, and in the Philos. Trans, for 1778. 

Park of Artillery, is that place in a camp which i$ 
set apart for the artillery, or largo fire-arms. 

TVaiUot Train of Ahtillery, a number of pieces of 
ordnance, mounted on carriages, with all their furniture 
fit for mai'chtng. To this commonly belong mortars, can¬ 
non, bails, shells, &c«*-*ThGrc arc trains of artillery in 
jnost of tiie royal magazines; os in the Tower, at Ports¬ 
mouth, Plymouth, &c, but, above all, at Woolwich, from 
whence the siiips commonly receive their ordnance, and 
where they arc uU completely^ proved before Uicy arc re¬ 
ceived into the public service. 

The ofTicersand men of the artillery were formerly called 
also the Train of Artillery, but arc now called tlie Royal 
Regiment of Artillery; consisting at present of ten bat* 
talioni, and several troops of Horse or Cavalry'Artillery. 

ASCENDING, in Astronomy, a term used to denote 
any star, or degree, or other point of the heavens, rising 
above the horizon. 

Ascending Laiitude^ is the latitude of a planet when 
going towards the north. 

Ascbn DiNO NofUt is that point of a plancfs orbit w here 
it crosses the ecliptic, id proceeding northward. It is 
otherwise called the Northern Nodc'i aud is denoted by 


this character Q, representing a node, or knot, with the 
larger part upwards; and the same character reversed is 
used to denote the op^><^^ile, or Descending Node Q. 

Ascekding Signs, are such as are upon their ascent, 
or rise, from the nadir or lowest point of the heavens, to¬ 
wards the zenith, or highest point. 

ASCENSION-Day, oiIhtw ise called Holy Thursday, is 
a festival of the churcli, held 10 days bcfoie Whii-suiiduy, 
in memory of our Saviour’s Ascension. 

ASCENSION,in Astronomy, is either RightorOblique. 

Right Ascension of tlie sun, or of a star, is that de¬ 
gree of the equinoctial, accounted from the beginning of 
Aries, which ^i^es with tlicm, in a right sphere.—Or, Right 
Ascen?ion, is that point of the equinoctial, counted bi • 
fore, which comes to the meridian with the sun or star, c r 
other point of the heavens. And tlie reas<m ot ihui^ re¬ 
ferring it tu the meridian, is, because this is always at right 
angles to tlie equinoctial; wlicreas the horizon is so only 
in a right or din cl sphere.—'I hc right ascension stands 
opposed to the right de^cension ; and is similar to the lon¬ 
gitude of places on the earth. All the fixed stars, &c, 
w hich ha\o the same right ascension, that is, which are at 
the same distance fri>m the first point o( Aries, or, wliich 
cuincs to the same thing, which are in the same meridian, 
rise at ihc same time in a right sphere, that is, to ibc peo¬ 
ple who live at the equator. And it they be not in the 
same meridian, the difference between their limes of rising, 
or of coining to the meridian of any place, is the precise 
dillVrence of iheir right ascension.—But, in an oblique 
sphere, w here the horizon cutsuU the meridians obliquely, 
different points of the same meritlian never rise or set to¬ 
gether: so ihul tw'o or more stars on the same meridian, 
or having the same ri .;hl ascension, never rise or set at the 
same time in an oblicjuc sphere; and tlie more oblique 
the sphere is, the greater is the interval of time between 
them. 

To find the right ascension of the sun, stars, &c, by 
trigonometry, sa^*, As radius is to the cosine of the sun's 
greatest declination, or obliquity of tlip ecliptic, so is the 
tangent of the sun^s or starts longitude, to the tangent of 
the right ascension. 

Right Ascension of the Ulid-heatcn, often used by as¬ 
tronomers, especially in calculating eclipses by means of 
the nonagcsimal degree, is the right asccnJ*iun of that point 
of the equator which is in the meridiiyi; niid it is equal to 
the sum of the sun's right ascension and llie horary angle 
or true time reduced to degrees, or to the sum of the 
mean longitude and moan lime. 

Obli(/ue AscEN SION, is an arch of the equator intercept¬ 
ed bctwccD the first point of Aries, and that point of the 
equator wliich rises together with the star, Sec, in an ob¬ 
lique sphere.—The oblique ascension is counted from 
west to east; and is greater or less, according to the vari¬ 
ous obliquity of the sphere.—To find the oblique ascen¬ 
sion of the sun, see Ascensional and Globe. 

The ^rch qf Oblique Ascension, is ai^arch of the horizon 
intercepted belWTcn the beginning of Aries, and the point 
of the equator which rises with a star or planet, in an ob¬ 
lique sphere; and it varies with the latitude of the place. 

Rrfraciion of Ascension and Descension. See Re¬ 
fraction. 

ASCENSIONAL Difference, is the difference be¬ 
tween the right and oblique ascension of tlie same point 
on the surface of the sphere. Or it is the time the sun 
rises or sets before or after 6 o'clock. 
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To find tbr ascensional difference, having given the 
sun's declinahon an.l the latitude of the place, say. As ra- 
dius is to the tangent of the latitude, so is the tangent of 
the sun’s <leclination, to the sine of the ascensional differ¬ 
ence sought. Tlie sun’s ascensional difference converted 
into timi^hows how much he rises before, or sets after, 

6 o’clock. \Vhen the sun has north declination, the right 
ascension is greater than the oblique; but the contrary, 
when the sun has south declination; and the difference, in 
either case, is the ascensional difference. 

ASClvNT, the motion of a body from below tending 
upwards; or the continual recess of a body from the earth, 
or from some other centre ol lorce. And it is opposed to 
descent, or motion downwards. 

An acclivity is also sometimes called an ascent, as a 
declivity is called a di’sccnt. 

The I’eriputetics attributed llic spontaneous ascent of 
bodies to a principle of levity, inherent in them. Hut the 
moiienis have demonstrated that there is no such thing as 
spontaneous levity; and they show, that whatever ascends, 
docs so by virtue of some external impulse or extrusion. 
Thus it is tliat smoke, and other rare bodies, ascend in ib'c 
atmosphere; and oil, light woods, &c, in water; not by 
any inherent principle of levity, but superior gravity, or 
pressure of the medium in which they ascend and float. 

The ascent of liuht bodies in heavy mediums, is prmlu- 
cod after the same mannbr as the ascent of the lighter scale 
of a balance. It is not that such scale has an intcrnnl 
principle, by which it immediately tends upwards ; but it 
is impelled upwards by the prepondcrancy of the other 
scale; the excess of the weight in the one having the same 
effect, by augmenting its impetus downwards, as so much 
real levity in the other: because the tendencies mutually 
oppose each other, and action and reaction are always 
equal.—See this farther illustrated under the articles 
Fluid, and Specipic Ghavity. 

Ascrnt Bodies on Inclined Planes, Sec the doctrine 
and laws of them under lycLtNED Plane. 

Ascent is particularly understood of their 

rising above their own level, between the surfaces of nearly 
contiguous bodies, or in slender capillary glass tubes, or 
in Vessels filled with sand, ashes, or the like porous sub¬ 
stances. Which is an effect that takes place as well in va¬ 
cuo, as in the open air, and in bent, as well siraigRt 
tubes. Indeed some fluids ascend swifter than others, os 
spirit of wine, and oil of turpentine; and some rise after 
a different manner from others. The phenomenon, with its 
causes, &c, in the instance qf capillary tubes, will be 
treated more at large under CAPiLLAtiY 

As to planes: Two smooth polished plates of gldss, 
metal, stone, or‘other matter, being placed almost conti¬ 
guous, have the effect of several capillary tubes, and the 
fluid rises in them accordingly: the same may be said of 
u ves.«cl filled with sand, &c; the various small interstices 
of which form, as it were, a kind of capillary tubes. So 
that the same principle accounts for the appearance in 
them all. And to the same cause may be ascribed the 
ascent of the sap in vegetables. And on this subject Sir 
Isaac Newton says, " If a large pipe of gloss be filled with 
sifted ashes, welt pressed together, and one end dipped into 
stagnant water, the fluid will ascend slowly in the ashes, 
so as in the spuceofawcek or fortnight, to reach the height 
of SO or 40 inches above the stagnant water. This ascent 
h wholly owing to the action of tboseparticles of the ashes 
which are on the surface of the elevated water; those 
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within the water attracting as much downwards as up¬ 
wards -. it follows, that the action of such particles is very 
strong; though In-ing less dense and close than those of 
glass, their action is not cquakto that of glass, which keep* 
quicksilscr suspcmled to the height of 60 or 70 inebos, 
and therefore acts with a force which would keep water 
suspended to the height of above 60 feet. By the same 
principle, a sponge sucks in water, and the glands in the 
bodies of animals, -according to their several natures and 
dispositions, imbibe various juices from the blood.” Op¬ 
tics, pa. 367. 

Again, if a <lrop of w^r, oil, or other fluid, be dropped 
upon a glass plane, perpendicular to the horizon, so as to 
stand without breaking, or running off; and anotherplane 
touching It at one end, be gradually inclined towards the 
former,*1111 it touch the drop; then will the drop break 
and move along towards the touching end of the planes; 
and it will move the faster in proporliun ns it proceeds far¬ 
ther, because the distance between the planes is constantly 
diminishing. And after the same manner, the drop may 
be brouglit to any part of the planes, either upward or 
downward, or sideways, by altering the angle of incli¬ 
nation. 

Lastly, if the same planes be so placed, as that two of 
their sides meet, and form a small angle, the other two 
being only kept apart by the interposition of some thin 
bo«ly ; uiul thus immerged in a fluid, tinged with some co¬ 
lour to render it visible ; the fluid will ascend between tlic 
planes, and that the highest where the planes arc nearest; 
so as to form a curve line which is found to be a true hy¬ 
perbola, of which one of the asymptotes is the line of the 
fluid, the other being a line drawn along the touching sides. 

And the physical cause of alt these phenomena, is tbo 
same power of attraction. 

Ascent o/ Vapour. Sec Cloud and Vapour. 
Ascent, in Astronoipy, &C. See Ascension. 

Ascii, arc those inhabitants of the globe, who, at ccr^ 
tain times of the year, have no shadow. Such arc the in¬ 
habitants of the torrid zone, who twice a ycu|- having iho 
sun at noon in their zenith, have then no shudow. 

ASFLLI, two fixed stars of the fourth magnitude, in 
the constellution Cancer. 

ASH-Wednesday, the first day of Lent, supposed to 
have been so called from, a custom in the church, of 
sprinkling ashes that day on the heads of penitents then 
admitted to penance. 

ASPECT, is the situation of the stars and planets in re¬ 
spect of each other. Or, in Astrology, it denotes a certain 
oonfiguralion and mutual relation between the planets, 
arising from their situations in the zodiac, by which it 
supposed that their powers are mutually either increased 
or diminished, as they happen to agree or disagree in their 
active or passive qualities. Though such configurations 
m'ay be varied and combined a thousand ways, yet only h 
few of Them arc considered. Hence, Wolfius more accu¬ 
rately defines aspect to be, the meeting of luminous rays 
emitted from two planets to the earth, either poshed in 
the same right line, or including an angle which Is an ali¬ 
quot part, or some number of aliquot parts, of four right 
angles, or'of 360 degrees. 

The doctrine of aspects was introduced by the astrolo¬ 
gers, os the foundation of their predictions. And hence 
Kepler defines aspect to be, an angle- formed by the rays 
of two planets meeting on the earUi, capable of e,\€itiDg 
/Some natural power or influence. 
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The ancienJs reckoned five aspects, viz, conjunction, sei^ 
(ile\ quartilCf trine, and opposition^ 

Cofjunciion is denoted by this character <5 , and is when 
the planets arc in the same sign and degree, or have the 
same longitude. 

Sexrile is denoted by and is when the planets arc 
distant by the 6th part of a circle, or 2 signs, or 60 de¬ 
grees. 

Siuarnte is denoted by O, and' is when the planets arc 
distant i of the circle, or 90 degrees, or 3 signs- 

Trine is dcr)otcd by and is when the planets are di¬ 
stant by I of the circle, or 4 signs, or 120 degrees. 

Opposition is denoted by S * when the planets are 

in opposite points of the circle, or differ by 4 the circle, 
or 6 signs, or 180 degrees of longitude. 

Or their characters and distances are as in this following 
tablet. 

NAM£. CHARACTER. DlSTANCC, 

Conjunction • ^ 0^=0* 

Sextilc - • 60 ss 2 

90 = 3 
120 ss 4 
160 s 6 


NAME. 
Conjunction 
St'xtilc - • • 
Quartile - « - 
Trine - • 
Opposition - * 


These intervals arc reckoned according to the longitudes 
of the planets; so that the aspects are the same, whether 
the planet be in (he ecliptic or out of it. 

ASPERITY, signifies tbe incqualUy or roughness of the 
surface of any body; by which some parts of it arc more 
prominent than the rest, sons to binder the hand, &c, from 
passing over it with case and freedom; and thus producing 
what is called firiction,—Asperity, or roughness, stands 
opposed to emoothness, evenness, &c. 

According to the relations of Venoaosen, the blind man 
so celebrated for distinguishing colours by (he touch, it 
seems that cvcrycolour has its peculiar degree and kind of 
asperity. He makes black tbe roughest, as it is the dark- 
i^ief colours: but the others are not smoother in propor¬ 
tion as th^ are lighter; that is, tbe roughest do not al¬ 
ways reflect the least light: for, according to him, yellow 
is two degrees rougher than blue, and as much smoother 
than green. Sec Colours, 

ASSIGNABLE Magmtvdef is used lor any finite mag¬ 
nitude that can be expressed or denoted. And, 

Aosioir ABL£ RfOiioj for any expressible ratio. 
ASSUMPTION, a feast celebrated in the Romish 
church, in honour of the miraculous ascent of the Holy 
Virgin, as they describe it, body and soul, into heaven. It 
is kept on the 15lh of August. 

ASSURANCE on Lirer, a compact by which security 
is granted for (he payment of a certain sum of money on 
tbe expiration of the life on which the policy is given, io 
consideration of such a previous payment made to the 
surer as is accounted a sufficient cqmpensation for the loss 
and hazard to which be exposes himselft 

The sum at which this compensation should bo valued, 
depends principally on these two circumstances, viz. 1st, 
On the rate of interest ^ven for tbe use of money; and 
2d, On tbe probability of the duration of the life assured, 
and the valtM of annuities. For, 1st, If tbe interest of 
money be high, the value of the insurance will be pro¬ 
portionally low, and tbe contrary: because the higher the 
rate of interest, the Im wilt be the present value which 
amouiiU to a certain proposed sum in any given time. 
A1so,.if tbe probability of tbe duration of life be high, the 
value of the assurance will again be proportionably low, 
VoL. L 


and the contrary; because the longer the time is, the less 
will be the principal which will amount to any assigned 
sum. Thus, if it be required to know (he premium oi 
present value, to be givcM) for 100 pounds to be received 
at the end of any time, as suppose 10 years ; theu« if the 
interest of money be at the rate of 5 per cent, the answci, 
or present premium, would be 7s lOcf; but at 4 per 
cent, it would be 67f 11^ 1^; Rud at 3 per cent, it would 
amount to 74/ 8s 2(/. Again, suppose it were required to 
assure 100/ on a life, for any tnue, for instance 1 year ; 
that is, let 100/ be supposed to be payable a year hence, 
provided ^ life of a given age fails in that nine: here it 
evident that, whatever be the rate of interest, the less the 
probability of the life failing within the yc^r, the less the 
risk is, and the less the premium ought to be. In iffcct. 
tbe rate of interest being 5 per cent, if it were sure that 
the life would fail in that year, the value of the assurance 
would be the same as the present value of 100/. payable 
ot the end of the year, which is 93/ 4s gd. 

But, if it be un equal chance whether the life dot's or 
does not fail in the year, ia which case the probability of 
failing is f ; then the value of the assurance will he but 
half the former value, or 47/ 12i 4fd. Or if the odds 
against its failing be as 2 to 1, that is, if one person out of 
eve^y 3 die at the age of the proposed life, the probability 
of dying being only Ike value of the assurance w*ill be 
4 of the fir^t value, or 31/ 14^ I It/. And if the odds be 
19 to I, or one person die out of 20, of that age, the pro¬ 
bability of dying will be ^*9, and tbe value of the assu¬ 
rance will also of the first value, or 4/ 15i 3d nearly. 
Lastly, if only one person die out of 50 at tbe given age, 
the probability of dying will be and lliu value of the 
assurance will be accordingly only of the hrst sura, or 
1/ 18s Id: the interest of money being alt along consi¬ 
dered as after the rate of 5 per cent.—Now, according to 
Dr. Hallc/s table of observations, one person dies out ol 
3, at the age of 87 ; one in 20 at the age of 64-; and one 
in 50 at the age of SD: It follows, therefore, that (he va¬ 
lue of the assurance of 100/. for one year, on a life aged 
87, is 31/ 14. lid; on a life aged 64, it is 4/ 15i 3d; and 
on a life aged 39, it is 1/ 18* Id: reckoning interest at 5 
percent. But if interest were rated at 3 per cent, these 
values would be 32/ 7* 3d, and 4/ 17^ Id, and 1/ 18* lOd. 

When a life is assured fur any number of years; the 
premium or value may be paid, either in one single pre¬ 
sent payment; in consequence of which the sum as&utcd 
will become payable without any farther compensation, 
whenever, within the given term, the life shall happen to 
drop: or the value may be paid in annual payments, to 
be continued till the failure of (be life, should that happen 
within the term; or, if hot, till (he determination of the 
term. And tbe determination of the value of assurance, iu 
all cases, is to be made out from tbe rules for computing 
annuities on lives; (he principal writers on which qrc Halley, 
De Moivre, Simpson, Smart, Kersseboora, Do Parcieux, 
Price, Morgan, Maseres, and Baily. Sec also Life An- 
NVTiES, Reversion^ &c. 

Assurances may be made cither on single lives; as above 
explained; or they may be made on any number of joint 
lives, or on tbe longest of any lives; that is, an assurer 
may bind himself to pay any sums at the extinction of 
any joint lives, or the longest of any lives, or at the ex¬ 
tinction of any one or two of any number oflives. There 
are further assurances on survivorships; by which is meant 
an obligation, for the value received, to pay a given su;n 

X 
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or annuity, pri»>ul(<l a yivcn life shall survive any other 
gt\i>n lilc or Iivt's. For which sec Su nvivousiiiP. 

'rhe principal oflices for making these insurances, in 
England, arc ilie London and the Royal Exchange A>su- 
rance Ollicts; the Amicable Society • incorporated for a pci- 
pctunl Assurance OHice; the Society for equitable Assu¬ 
rances on Lives and Survivorships; the Wcslininsler So* 
cicly for graining Annuities and insuring Money on Lives; 
the PhaMux firc-oflicc; tlie Westminster fire-office; the 
Life-assurance Society, for widows and female relations; the 
Urilish fire-office; the Pelican life-insurance; the Laud¬ 
able Society, for widows; the Imperial Insurance Company; 
the Globe ; the Albion ; the Rock ; the Provident Institu¬ 
tion; the PhilHUthrojiic; the Hope; the Count) firiMifficc; 
the Eagle; the London Life Association; and the Atlas. 

Most of these offices, besides various extensive compa¬ 
nies in the country, make also insurances on houses, goods, 
ships, from fire and damages, These articles of 

assurances are commonly divided into 3 classes : first, com¬ 
mon assurances, which are made at per cent, per annum ; 
2d, hn/ardous assurances, at 3^; and 3dly, doubly hazard¬ 
ous, at os per cent, per annum : and the mode of classifi¬ 
cation may be learned from the proposals of any of the 
companies. Besides tlmsc rates, a duty of Im 6d on every 
100/ was imposed in 1782, wliich was increased in 1797 
to Qs p4‘r cent, and in 1804 to 2r 6d per cent. From the 
produce of this duty, an estiinute has been formed of the 
total amount of property assured from fire in Great Bri¬ 
tain, which appears to have been at several periods nearly 
as follows: 

In 1785 .<£ 125 millions. 

J7«9. 1+2 

J793 . 167 

1797 . 18+ 

1801 . 223 

1806 . 260 


As to the a^uranccs on lives, the premium or rates of 
the dift'erent companies arc nearly alike; us indeed they 
must be if founded on correct principles, and ecjually ad¬ 
vantageous to the public; and the following tables of the 
rale? arc nearly the same in all._ 


A 'liable of Premiums for assuring the Sum of one hundred 
Pounds upon the Life of any healthy Person, from the 
Age of Eiglit to Sixty-seven. 
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\ Table tif annual Premiums payable during the jtanf 
Continuance of two lives for assuring one hundred 
Ptiunds, or an equivalent Anntkiy on the Contingency 
of one Life’s surviving the other. 
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A '1 able of annual Premiums payable during the Conti¬ 
nuance of tMO joint Lives for assuring one hundred 
Pounds, to he paid when either of the Lives shall drop. 
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\ The Table continued. 
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From the above specimen of premiunis, the reader will 
easily judge of the proportional premium for any interme¬ 
diate age. 

ASTLIUSM, the same with constellation, or a collec¬ 
tion of many stars, which aic usually represented on globes 
by some particular imago or figure, to distinguish the stars 
which compose this constellation from those of otlu-rs. 

ASTlL^iA, u name gi\cn by some to the sign N'irgo, by 
others called Erigone, and somclJmcs Isis. Tlie poets feign 
that Justice quilted hea\en to reside on earth, in the golden 
age; but, growing weary of the iniquities of mankind, she 
left the earth, and returned to heaven, placing herself in 
that part of the zodiac calktl Virgo, whore she became a 
constellation of stars, and from her orb still looks down on 
the ways of men* Ovid. Melnm. lib. i. vcr. 149- 

ASTRAGAL, in Architecture, a small round moulding, 
which encompasses the top of the fust or shaft of a column, 
like a ring or bracelet. The shaft always torminafes at top 
with an astragal, and at bottom with a (illet, which in this 
place is called ozia. 

Astragal, in Gunnery, is a kind of ring or moulding 
on a piece of ordnance, at about half a foot distance from 
the muzzle or mouth; serving as an ornament to the gun, 
as the former does to a column. 

ASTRAL, something belonging to or depending on the 
stars* 

Astral ye«r, or S/rferca/ Year. See Year. 

ASTRODICnCUlM, an astronomical instrument in¬ 
vented by M. Wcighel, by means of which many persons 
shall be able to view the same star at the same time. 

ASTROLABE, from star, and Kaf/^Cavu;, I take; 

alluding to its use in taking, or observing, the stars. The 
Arabians call it in their tongue /utharlab; a word formed 
by corruption from the common Greek name. 

This name was originally used for a system or assemblage 
of the several circles of the sphere, in their proper order 
and situation with respect to each other. And the ancient 
instruments were much the same as our armillary spheres. 

The hrst and most celebrated of this kind, was that of 
Hipparchus, which he made at Alexandria, the capital of* 
Egypt, and lodged in a secure place, whore it served for 
divers astronomical operations. Ptolemy made the same 
use of it: but as the instrument had several inconveni¬ 
ences, he contrived to change its hgure, though perfectly 
natural, and agreeable to the doctrine of the sphere; and 
10 reduce the whole astrolabe to a plain surface, to which 
he gave the name of the Planisphere. Hence, 

Astrolabe is used among the moderns for a Plani¬ 
sphere, or a stereographic projection of the circles of the 
sphere on the plane of one of the great circles; which is 
usually either the plane of the equinoctial, the eye being 
then placed in the pule of the world; or that of the meri- 
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ciian, the eye being supposed in the point of intorsoctioii of 
llic equinoctial an<l horizon; or on (hat of the horizon. 

'I he Asirolabe has been treated at large by Stoffler, Gem¬ 
ma Fri>itis, Clavius, and our poet Chaucer, who wrote a 
long and learned tract upon it, and indeed on the whole 
practice of astronomy, as the art stood in his day* For a 
tartlicr account of the nature and kinds of it, sec the arti¬ 
cle Pl.AMSniKRE. 

AsmotAiiB, Of Sea Astrola dt, more particularly de¬ 
notes an iiwtrument chiefly used for taking altitudes at sen; 
as the altitude of the pole, the sun, or the stars. 

The Common Astrolabe, represented Plate 2,>5^. 7, con¬ 
sists of a large brass ring, about 15 inches in diameter, 
whose limb, or a convenient part of it, is divided into de¬ 
grees and minutes. It is fitted with a moveable label or 
index, which turns upon the centre, and carries two sights; 
and having n small ring, at a, to hang it by in time of ob¬ 
servation. 

To make use of the Astrolabe in taking altitudes; sus¬ 
pend it by the ring a, and turn it to the sun, &c, so as that 
the rays may pass freely through both the sights y and G; 
then will the label cut or point out the altitude on the di¬ 
vided limb, 'rherc arc many other uses of the Astrolabe; 
of W'liich Clavius, lienrion, and others have written very 
largely. 

The Astrolabe, though now come into disuse, is by ma¬ 
ny esteemed equal to any other instrument for taking the 
altitude at sea; especially between (he tropics, where the 
sun coincB near the 

ASTUOLOGiCAL, something relating to Astrology. 

ASTROLOGY, the pretended art of foretelling future 
events, from (he positions, aspects, and influences of the 
heavenly bodies. Tlic word is compounded of star, 

and Asyor, discourse; whence, in the literal sense of (he 
(ertu, astrology should signify no more than the doctrine 
or science of the stars: this indeed was its original accep- 
Ulion, and constituted the ancient astrology; which coo* 
sisted formerly of both the branches now called astronomy 
and astrology, under the name of the latter only; and for 
the sake of making judiciary predictions it was, that astro¬ 
nomical observations, properly so called, were chiefly made 
by the ancients. And though the two branches be now 
perfectly separated, and that of astrology almost univer¬ 
sally rejected by men of real learning, this bos but lately 
been the case, as their union subsisted, in some degree, 
from Ptolemy til) Kepler, who had a strong bias towards 
the ancient astrology. 

Astrology may be divided into two brandies, natural 
and judiciary. 

To Natural Astrology belongs the predicting of 
natural effects; such as the changes of weather, winds, 
storms, hurricane's, thunder, floods, earthquakes, &c. But 
ibis art properly belongs to Physiology, or Natural Philo* 
sophy; and is only to be deduced, h posteriori, from phe¬ 
nomena and observations. And for this kind of astrology 
it is that Wr. Boyle makes an apology in bis History of 
tho Air. Its foundation and mcrit»-inay be gathered from 
what is said under tho articles Air, Atmosphere, and 
Weather. 

Jwiicial, or Jwrf/Waiy Aat Rotoon; which is what is com¬ 
monly and properly called astrology, is that which pro¬ 
fesses to forctcl moral events, or such as have a dependence 
on the free will and agency of man; as if they were pro* 
duced or directed by the stars. 

Tho professors of this kind of astrology maiutaui, 


“ That the heavens arc one great volume or booh, wherein 
Guct has written the history of the worhl; and in which 
every man may read his own fortune, and the transaction^ 
of his time. The art," say they, " had its rise from the same 
|M'Oplc as astronomy itself: while the ancient Assyrians, 
whose serene unclouded sky favoured their celestial ob«T- 
vations, were intent on tracing the paths and periods of the 
heavenly bodies, they discovered a constant, settled rela¬ 
tion of analogy, between them and things below; and 
hence were led to conclude these to be the Parc®, the De¬ 
stinies so much talked of, which preside at our births, and 
dispose of our future fate.” 

” The laws therefore of this relation being ascertained 
by a series of obsrnations, and the share each planet has 
therein; by knowing the precise lime of any penon's na¬ 
tivity, they were enabled, from their knowledge in astro¬ 
nomy, to erect a scheme or horoscope of the situation of 
the planets, at that point of lime; and hence, by consi¬ 
dering their degree's of power and influence, and how each 
was cither strengthened or tempered by somcothcr, to com¬ 
pute what must be the result thereof.” 

Judicial Astrology, it is commonly said, was invented in 
Chaldea, and from thence transmitted to the Eg^'ptians, 
Greeks, and Homans; though some insist that it was of 
Eg)’ptian origin, and ascribe the invention to Cham. But 
it is to the Arabs that we owe it. At Rome the people 
were so infatuated with it, that the astrologers, or, as they' 
were then culled, the mathematicians, maintained their 
ground in spite of all the edicts of the emperors to cxfrf*! 
them ouf of the city. See Gevetiimaci. 

Among the Indians, the bramins, who introduced and 
practised iliis art in the East, have hereby made thcmscivt's 
the arbiters of good and evil hours, which gives them great 
authority: they are consulted ns oracles; and they have 
taken care always to sell their answers at good rates. 

The same superstition has prevailed in more modern ages 
and nations. The French historians remark, that in the 
time of queen Catharine do Mcdicis astrology was much 
in vogue, that the most inconsiderable thing was not to be 
done v^ithout consulting the stars. And in the reigns of 
king Henry iii and tv of France, the predictions of astro¬ 
logers were the common theme of tho court conversation. 
And this predominant humour in that court was well ral¬ 
lied by Barclay, in his Argenis, lib. 2, on occasion of an 
astrologer, who had undertaken to instruct king Henry in 
the event of a war which was then threatened by the fac¬ 
tion of the Guises. 

ff/stoiy, of//*tro/ogy.—Nothing could he more vain, ri¬ 
diculous, and absurd, than the pretended science of astro- 
logy; yet nothing, perhaps, could possibly have led men 
to a more diligent inquiry into, and finally to a knowledge 
of, the laws that regulate the motions of the heavenly bo¬ 
dies. Titus it has been said, that astrology was the daugh¬ 
ter of ignorance, and the mother of astronomy; and cer¬ 
tainly, if it was not the offspring of passive ignorance, it 
must bo acknowledged to hnve derived its origin from tho 
natural vanity and credulity of the human mind, aided 
perhaps by the coincidence of some nccidental circum¬ 
stances, such as an eclipses the appearance of a con\ct, or 
other celestial phenomenon, at the time of any rcmarkablo 
calamity, the death of a prince, or the defeat' of an army; 
which being once observed, nothing more was necessary, 
in this .infant slate of the reasoning faculty of man, to lead 
him to a belief that all great events were connected with 
tho motion of the heavenly bodies, thal the death of princes 
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always announced by some celestial phenomenon; and 
liiuiUy, that e>cry man had his destiny written in the hca* 
yens, an svhich might be read all the physical and political 
events of bis life* 

Whether or not, astronomical observations were madc^ 
before they were thought necessary to astrological predic* 
tions, w'C have now no means of dctcriiuning; but at all 
C'VcnU) we know Uiat many were made with no other view, 
and in consequence of which (be know ledge of astronomy 
w*as advanced, if it did not derive its immediate origin from 
astrology. It is also probable, that to (he same frivolous 
motive, we are indebted for the preservation of so many of 
(he learned works of Greece, which have been handed 
down to us. Fur, as a celebrated author justly observes, 

What could be the charms of truth, purely geometrical, 
to a people sunk for so many ages in the deept'st abyss of 
ignorance and superstilion but that arithmetic, geomc* 
try and even optics, such as it was, were the necessary 
steps to astronomy, and this again was the preliminary to 
every astrological pivdiction i In this respect astrology, 
if not the mother of astronomy, >vas at least its nurse, and 
the preserver of many of (he other sciences: for which 
reason its name may still be prcscr^'cd from that oblivion 
wbich, consjilercd as a science, it so justly merits. At what 
time, or in what country this pretended science first ori¬ 
ginated, arc alike unknown ; or whether it may not have 
been invented, neglected, and revived, in diflerent coun* 
tru*s, at differi'Dt periods, according as thtMcicnces were 
in tbeir infancy, plenitude, or decline* Indeed the latter 
seems thoinost probable, as tiicre were dillerent modes of 
drawing horoscopes in different nations; which seems to 
indicate that they liml not all obtained it from one and 
the same original. However this may be, we find ils traces 
in the ancient records and manuscripts of every nation, 
where those records ate to be found; in India, China, Chal¬ 
dea, Greece, Egypt, Arabia, and Europe. In short, in 
every country where (he sciences have been introduced, 
the footsteps of astrology are likewise to be discovered* 

lo India the pretended knowledge of astrology, or the 
art o( divinatioiii remained entirely with the braniins, 
who were too cunning to promulgate itri mysteries, being 
aware that it would be the most piobablc means of detect* 
ing^ tfac imposition, and their interest was too much in** 
volvcd in the deception, for (hem not to be anxious to keep 
the secret to themselves: it was not vnly in their hands a 
source of emolument and riches, but likewise a conveni¬ 
ent instrument for securing the reverence of the people* 
'I'hcy not only professed a knowledge of judicial astrology, 
but also as it regarded meteorology; publishing yearly an 
almanac or panjamgam, in which every week, and hour, 
both of day and night, were set aside for performing cer¬ 
tain avocations in agriculture and other concerns of life; 
they annually presented to the prince a prediction of events 
for the following year; and such as tvero found to deceive 
three times were condemned to silence, hut the others who 
were fortunate in* their predicliotis, enjoyed every distinc* 
tion that was due to such profound knowledge* The Chi¬ 
nese had, and still continue to have, their astrologers; and 
many records, both of judicial, and natural or meteorolo¬ 
gical astrology of very great antiquity, still remain* The 
following is a remarkable instance of the estimation in 
which astrolo^' was held in China, and of the brutal bar¬ 
barity and ignorance of tbeir emperor TsiD'Chi-hoang, who 
in the year 346, after having re-uni tod under one head all 
the little states, into which the empire Itad been divided 


by intc>lme broils, and presuming that the sword was suf¬ 
ficient to secure wliut it had already acquired, hcorderc<l 
every book to he burnt, except those relating to agricul¬ 
ture, medicine, and astrology; three sciences w bicli, it thus 
appears, he thought e({ually serviceable to the nation; w hile 
all those relating to history and pure astronomy were de¬ 
stroyed in the barbarous contlagration. Uui of all the pro¬ 
fessors of this doctrine, nunc appear to have been so cele¬ 
brated as the Chaldeans, even liic name of Chaldean and 
Astrologer became as it were synonymous; and according 
to their records it has been practised among them for thou¬ 
sands of ages : even taking tlieir years for days, w Inch, ac¬ 
cording to some modern authors, is w hat (hey are su|>p09ed 
to represent, they amount lo more than 3000 years before 
the birxli of Christ. Zoroaster is said to have been the 
founder of astrology among the Chaldeans; he was follow ¬ 
ed by Hoslanes, from wliom the Greeks and Egyptians are 
supposed to have received (his doctrine. Bclezes, another 
noted Clialclean astrologer, became famous for having pre¬ 
dicted to Arbasc*s the victory that lie afterwards gained 
o\cr Sardaiia|)ahis, a prediction by no means diiticnlr, 
when we consider the tyranny and debauchery of the lat¬ 
ter, which caused him to be abhorred and despised, both 
by his troops and his nation. But thus it frequently hap¬ 
pened, that the prediction of an event, w hich required only 
a little foresight and know ledge of mankind to know nearly 
to a ccrUiinty the result, was (he means of raising men to 
celebrity, and they were generally too cunning to undi^ 
ceise the wondering multitude. As to the Greeks, it does 
not apjirar that they were so much infatuawd with the be¬ 
lief of judicial astrology, as the nations w*c have already 
jnenli<med; but to what is called meteorological ustndo- 
gy, they paid particular attention ; various predictions ot 
this kind having been given in the Greek calendars by Eu¬ 
doxus, Calilppus, Araius, Hipparchus, and other authors 
of eminence* It is a long time after this, that wc hnd some 
account of the destiny of particular men pretended to be 
predicted from an inspection of the stars* Wc must not 
however omit to mention, that (here arc two works on the 
subject of judicial astrology under the name of Ptolemy ; 
but it appears there is some reason to suspect that they 
arc not his works, and for the honour of the author of the 
Almagest, it is to be hoped they arc not* 

Next to the Chaldeans, the Egyptians were certHiDly 
the most celebrated astrologers; their belief in this doc¬ 
trine -being carried to the highest degree of entIuisiaMn : 
all that wc suppose to depend upon our will, or on our 
determination, they believed to be connected with the mo¬ 
tion of (he stars, and (hat our destinies an* w ritten in the 
heavens, wherein may be read our thoughts, inclinations, 
constitutions, and every event of our lives* 

1 ill about the commencement of the Christian oera, or a 
little before, astrology was circumscribed to the East, and 
to Eg)'pt; but about (bis time it invaded (he Homan em¬ 
pire, and Rome itself was inundated with the professors of 
this imaginary science* It was in vaiu that (he senate 
issued decrees against them, under the name of Chaldeans, 
aslrologors, or mathematicians, (hey having arrogated to 
themselves the latter appellntion; thus degrading one of the 
noblest sciences, by associating it with ibeir ridiculous doc¬ 
trine: but notwithstanding these decrees, (hey stiU main¬ 
tained themselves, through the support which they expe¬ 
rienced from individuals, and some even gained great ce¬ 
lebrity for llicir pn*tendcd knowledge and ability, as Ni- 
gidius Figilus Trassylus, the astrologer to Tiberius; Ta- 
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Tutniu'; fririid both of C iccto and \arro; 

and |;artiriilnrly the poet Manilius whose poem entitled 
A.^frniiomtton sire Mal/ieseos, lib. viii, published in 1551, 
with some C'rreck an<l Arabian works of tlic same kind, is 
a sort of course of judicial astrology, having scarcely any 
thing in it relating to pure astronomy. Nignlius became 
celebrated for predicting to Ociasius, father of Augustus, 
that the infant wouhl be one day master of Rome. Tra.s- 
syliis was the constant iittendnnt of Tiberius; and all those 
persons whom the latter ha«l reason, or iliought that he had 
reason to fear, he causcil their horosco|»e to be drawn, and 
if, as it frequently happened, their slans announcetl them 
to be ambitious, or that they had any pretensions to the 
empire, tliey were put to death : such was the cftect ol 
this most aboniinalile, and <lisgusling doctrine; and who 
knows how many may thus have innocently siitiered <lcRth, 
from such preilictions, through the tyranny, ignorance, 
and superstition of princes, and the rulers of nations? Un¬ 
der these circumstances, astrologers could not fail of hav¬ 
ing a coinpl< t<- ascendency over the people; as it must 
have been very dangerous to oft'eiid those, who could make 
the stars sav wliat they [dcase<l, to gain the favonrof their 
[irince, or to gratify their own private revenge. Jt shouUl 
be observed that tliis art was not always limited to pre¬ 
dicting events from certain periods of time being given, 
but they pcrforim il also the converse tif the proposition ; 
tliat is, hy knowing the events, they pretended to discover 
the time ; this indeed was an easier problem, at least they 
were not so likely lo be belied hy the event, ns frequently 
happ<*ned in other cases. 'Ihus Vnrro having demand¬ 
ed of Firmanus the lime of the birth of R.)inulus, from the 
events recorded of his life, the astrologer discovered that 
he was conceived the first year of the second Olympiad, 
about 3 o’clock of the 23d day of the F.gj'ptian month 
Cha-ac, that is, the 2.1d of December, an<l that he was 
born under the influence of the sun, the 21 st of Septem¬ 
ber following; and moreover, that Rome was founded by 
him on the J)th of April, when the moon was in the sign 
libra; hence also he delennined the fate of the city ; for 
cities and towns had their horoscopes as well as men ; such 
was the pitch to which this most ridiculous science was 
carried. 

The Arabs arc another people who made a considerable 
figure in the history of judicial astrology. All the know¬ 
ledge they hud of astroiiuiny was made entirely subservient 
to that doctrine, and their history is filled with- traits on 
this subject; a circumstancewliich proves their grrat.prc- 
dilection for this pretended science. 

The number of Arabiun authors, who luive writlcn on 
astrology', would form a long catalogue; but we shall only 
iiK'iition some of the most celebrated. Such wen* Mcsalah 
and Alcliindi, both Jews; and Ali-ben-rodnam, svho was 
so much admired by Cardan; Alcabiliu*, whose work was 
published in 1502 in qU'irto, and afterwards in folio in 
1503 and 1512; Alfar.ibius; Alboacen; Aliuhen Rogcl; 
Albubalor; Almansor; and a great number of others, 
worthy of the obscurity in which they arc placed at this 
day. Jacob Alchindi the Jew enjoyed-great celebrity un¬ 
der the reign of Almanson; but the Arab*, jealous of the 
favour which he experienced, accused him of magic, which 
led to a viok*nt dispute between hint and amosulam doctor, 
till at last they defied each other’s art. Thi< being put to 
the toft, these two learned professors each drew a circle 
about himself, to which they attributed a magical power; 
and thus posited, the doctor, by way of challenge, wrote 
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two word« on a piece of pnpi-r which he sealed up and de¬ 
livered to the calif, and defied Alchindi to divine what they 
were : this w.is no easy task for Jacob; but still he ciin- 
(lingly applied himself to his br-oks and instruir* nts and 
then, with all the imporlance of self-conscquence, answer¬ 
ed, that the first of these words was n plant,and the other 
an animal; the c.'ilif having opened the paper, lie, and all 
present, were struck with astonishment to find the words 
assa, tnousti. 'I'liis lucky guess gave Jacob such a dicidcd 
advantuiic over Ins coni'oundeil Jidvcrsary, that Alhuma- 
2 ar, one of the doctor’s pupils, was so niuch hint at the 
disgrace of his master, that hiding a dagger under his 
cloak, he was going'to kill Alchindi; when the latter, no 
doubt apprised of his design, called out with a stern voice, 

“ You come lo sUiy me ; quit this design and ifie poniard 
ihiil you enrry, and I will tench you nshotioniy.” Astonished 
at tlu-se word*, he lei fall the dagger, and became oiie of 
Alchindi’s most eralous ilisciples, and afterwards one of 
the most celebrated Hst^^dogel^. 1 le wrote a treatise on 
the conjunction of the planets, in order lo read, ns it were, 
the d.stiny of the earth ; to find tin* time of its origin, and 
the end of the world. He pre<lict<-d the fates of the dif¬ 
ferent religions; llie Christian religion was to subsist for 
1460 years, that ol Mahoincl 544 years; but all these 
predictions, like m«*5t others of a similar nature, have been 
contradicteil by facts. 

In 1 179 , the Arabian astrologers predicted for the year 
1186', a dreadful inundation, and such terrible tempests, 
that would overthrow every tiling in their course. In con¬ 
sequence of a conjunction of five planets, and a great 
eclipse of the sun. During seven years alarm was spread 
in every quarter; but at length the time arrived, and no¬ 
thing extraordinary having been observed, it gave decided¬ 
ly the lie both to the prediction and the art; but notwith¬ 
standing this, the people still continued to pay the same 
reverence to the science and its professors as formerly, 
nothing being sufiicienl to open the eyes of the infatuated 
multitude. 

The Europeans havjng received their first notions of 
astronomy from the Arabians, it was to be expected that 
they would p.irrake also of their superstitious belief in as¬ 
trology. Indeed in all those obscure ages which preceded 
the regeneration of the arts, none seemed to doubt of the 
influence of the stars on the destiny of man, and most of 
those who studied or cultivated astronomy, had no other 
object in view, than its application to astrological pre¬ 
dictions. 

But what must be our opinion of the church* of Rome, 
.when we find one of its cardinals so much infatuated with 
his belief in this docinne, that he actually drew the horo¬ 
scope of Jesus Christ, from a pretended knowledge that ho 
professed lo have of the moment of his birth ; and this be¬ 
ing what may be called predicting after the event, he failed 
not to find written in the heavens all the circumstances of 
his life and death. And the manner in which he endea¬ 
voured to defend himself from the charge of impiety al¬ 
leged against him was equally as ridiculous os the asser¬ 
tion itself. 

Among the most celebrated astrologers of Europe, we 
find many whose works on other subjects have flonc ho¬ 
nour Co themselves and to their country, and it is to be 
wishid that they had confined their labours only to these 
subjects. Such were Regiomontanus, Comcrarius, Car¬ 
dan, Argoli, Morin, Tycho Brahe, and his patron and 
friend count Rantzau; to these we may add, Guide 
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Botanus de Fovli, who was the author of six treatises on 
Astrology; Stofllcr,\\ho published for jnuny years anephe- 
meris containing astrological pre<lictii>t)s* In his almanac 
for 1499t he announced for tlie year 1514 a terrible in¬ 
undation throughout Luropc, on account of the conjunc¬ 
tion of the superior planets in tlie sign pisces : but ihis^ as 
also a similar one ly N'irdungus, was, when the time arri¬ 
ved, most completely belied by the events, for these ^ears 
were rather more dry than usual. ^These epiu merids were 
similar to our present Moore's almanac, which (u the dis-^ 
grace of the country still Curries on this species of decep¬ 
tion, and which, notwithstanding its many and palpable 
contradictions, is at this day regarded as the oracle of wis¬ 
dom among the greater part of our peasantry. 

But perhaps none of th<>$e above cited, e.\ccpt Tycho 
Brahe, was so cnthnsiastically devoted to astrology us Car¬ 
dan. He oven, in imitation of the Roman cardinal, at¬ 
tempted from the configuration of the Iteaveiis to drasv 
the horoscope of Christ; and many other of his notions 
were equally absurd and ridiculous. 11c. firmly believed 
in the indueiicc of the stars on the fates and destinies of 
kingdoms. Thus Butler says : 

Cardan believ'd great states depend 
Upon the tip o' th' bear's tail's end ; 

That as she w hisk'd it towards the sun, 

Strow'd mighty empires up and down/' 

He drew* his own horoscope; and it has been said that 
be even ^tarvid himself, in order that the time of his death 
should not give the lie to his doctrine; but this is not 
true, for he died before the time that his stars had predict¬ 
ed for that event. Junctinus is another who has written 
largely on this subject; he was astrologer to Catharine de 
Mcdicis, at the same time that he was almoner to the duke 
of Anjou; and a column was erected to him in the Halle 
au Ble; but be (Jietl al hist in indigent circumstances at 
Lyons; an event which he did not probably lorudcc not- 
withstuiHliJig his astrological skill. To these w*c may far¬ 
ther and tlie famous John Dre, who acted in the capacity 
of aslroh^ger to queen Kli^abeth, by whom he was consult¬ 
ed as to the time propitiejus for her coronation ; and his 
friend and companion Kelly, atmther of the heroes that 
Butler has introduced in that cliuractcr, 

Kelly dill all liis fates upon, 

The devil's lo<pking-glass, a stone.'* 

From which we may conclude, that he diult a little in 
the magical way, beside bis more common occupation of 
astrology. But count Uantauu, and his ally TychoBruhe*, 
we/c perliaps the most zealous defeiuh rs of aNtrology ; the 
latter having wrilten largely in tiefcucc of the truth of this 
science, the tendency of %\biclj was to show its connexion 
with the cbristiaii religion, and the impiety in doubting of 
the truth of its doctrine* Even Kepler was in some mea¬ 
sure addicUd to astrology, as appears from several of Lis 
letters to his friends, where lie L seriously discussing tlie 
best method of drawing an lioniscope: he w*as not how¬ 
ever so violent.and daring as StolHer, and Cardun; iimking 
hardy and dangerous predictions, w hich dishonoured both 
the art and nrtisU 

Morin, who was born in 1583, was the lost astrologer of 
any note, and whose attempts to dc'fend the doctrine of as¬ 
trology may he con^idpred as the last efi'orts of this expi¬ 
ring art; he was an quirageous opponent to the Copernican 
system, with respect to the motion of the earth, and is 
said to have htboured 30 years at his Asirologia GalUca^ 
and predicted the death ofhU adversary the learned Gas¬ 


sendi, a number (il tinas ; but the latU i M*erm d to ri'^c 
from under liistiequeni aflliciicms, in ordir to gixc Xi.t lu* 
to Moiin's <ioc(Uhe. liecNon lnutuhl the death <>l L* 
Xlii, wtio noei* was in In itcT hcaltii ih n Sil tbe time an¬ 
nounced by Morin lor his ileuih . nr.: L\, in^ wi^rkb and 
Ills predictions being gmeiall) k tro b, U « v< 

they were de>(n^e(J and ridn uUal v ;>il <. no n»pnr;itie> 
who hud any re putation in the si lem* v, .,iiU tu^ tavountc 
doctiiuc seemed to lose ground, tin h uili I't iln n iidorii 
system of a>troiK>iny Ucaine mure Linernlls acknow- 
Icdged. '1 hat a man of thi> de^c^lpti«*n, .in a^t ojeal bi¬ 
got, should su strongly combat tin* idi a ol tin in' tiun c»| the 
earth, is by no inean:> sur|>ri9ing ; Ivcuiim* ihe • In svsti m 
of ustronoiny was much more laxourable to Un di*c(rjnc 
of astroUigy than the modern. Indeed it was totius sys¬ 
tem having tinally prevailed over the obstacles ihat igno¬ 
rance and supcrstiiion had raised aaiiinst ic, ilmt whs the 
principal cause of plunging astrology into that contempt 
it so justly merited. For as soon as it was known that 
the earth was not the centre of the universe; that it wa^ 
only one of the little satellites of the sun; that instead 
of the sun and stars turning about the earth, it turnc<l 
Oh its own axis to receive (be light and beat of that lu¬ 
minary; and finally, (but the fixed stars are placed at an 
immense <listance, that even startles the imagination 
how could it for a moment be admitte<l, that all tliis vast 
machine was subordinate to this little globe of earth, and 
be designed only to preside over the destinies of its inlia- 
bitants! 

Morin died in 1655, since w Inch time astrology has born 
ileclining; ami at this day tbeie is not a man ol science in 
Europe who is not fully uwure of the absuidity ul this pro- 
tended doecrine. 

But in the East, astrology' still preserves its credit; niid 
astronuni) is only cultivated there, so lar as it is thought 
necessary for astrological purpo>es; for ihe 'Forks cun no 
more be perstiuded that tiie Luro|unn$ study astniiiomy 
without biliesiiig in astrology*, than imagine that W2 cun 
examine the inscrijitiotis and luins of aiiticpiiiy, vvjihout 
searching for tn asuic^ 

11 may be thought that too much has been said on this 
subject, that c\(*n its name ought not to be introduced into 
books of science ; and certainly, were it not for tiu* bem fit 
that cstrenomy has derived fjoin it, and lh(* reNprctulniity 
of many au(hoi:s who, unfortunately for thiir memoirs, 
have been its admircis and sufq)(jj*tcrs,it would longbt h.rc 
this have, been lost in total ol>li\i«;n, him! i vm ita name 
would not have bc^ui rcnieinbcied by phil<i>ophors. But 
tho»e circuiiisuinces cannot lad of giving it some interest 
when wv arc conlcmplaiing the progicss of bumati know¬ 
ledge, and when we refii cl, that without this supeislitious 
8tiinulu*‘, we might still have remuiued ignorant of those 
grand and sublime laws, that regulate tlie motion of the 
heavenly bodies, and preserve unimpaired, the universal 
harmony of our planetary system. 

ASTUOM E'l'LCROLOlilA, the art of foretelling the 
weather, and its changes, from tlie aspects and cunhgura- 
lions oJ the moon and planets : ft species of astrology distin¬ 
guished by some under the denomination of ntctforoh^^iad 
aW 

ASI RONOMICAL, something relutina to ;\blronotny»- 

As*! Ro N 0 JUI c A L C<i /cwdcrtV C'Atfi‘«c/cr#, C^luum, Horizon ,, 
Hoursf Month j Quadrant^ Uing^Dhl^ &cror, Tables^ Tcr- 
Utcope, Time, Year. Sec the several substantives. 

AsTEOKOAJiCAL ObuTxauons^ Of these there are 
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cords, or nunHoii, in almost all ages. It is said that tlie 
Cliint’se have observations for a course of many thousand 
years. But of these, as well as those of the Indians, we 
have yet had but little benefit- But the observations ot 
most of llie other ancients, as Babylonians, Greeks, vStc. 
umong which those of Hipparchus make a principal figure, 
are carefully preserved by Ptolemy, in his Almag<-st. 

About the year 880, Albategni, a Saracen, applied him* 
self to the making of observations ; in which he was fol¬ 
lowed by others of the same nation, ijs well as Persians 
and Tartars; umong whom were Nassir-Bddin-lCttusi, 
Arzachel, who also constructed u table of sines, and Ulug 
Bcigh. In 1457 Uegiomontanus undertook the province 
at Nuremberg; atid hisdisciples,J.\VcrnerandBcr.\Val- 
thcr, coTitinueil the same from 1475 to 1504. Their ob¬ 
servations were published togetlierin 1544.—In 1509,Co¬ 
pernicus, and after him the laiiilgravc of Hc*sse, with his as¬ 
sistants Rothman and Byrgo, observed ; and after them 
Tycho Brahe, assisted by the celebrated Kepler, from 1682 
to l60|.—All the foregoing observations, together with 
Tycho’s apparatus of instruments, arc contained in the 
llistoria Ccelestis, published in 1672, by order of the em¬ 
peror Ferdinand.— In l65 J, was published at Bononia, by 
Ricciolus, Almagestum Novum, being a complete body of 
ancient and modern observations, which he so named after 
the work of the same nature by Ptolemy.—Soon after, I le- 
vellus, with a magnificent and well-contrived apparatus of 
instruments, described In his Machina Ccelestis, began a 
course of ob^rvations. It has bccu objected to him, that 
he only used plain stghto, and could never be brought to 
take the advantage of telescopic ones; which occasioned 
Dr. Hooke to write animadversions on Hevelius’s instru¬ 
ments, printed in 16/4, in which he too rashly despises 
them, on account of their inaccuracy: but Dr. klallcy, 
who (\t the instance of the Royal Society went over to 
Dantrick in the year 1679, to inspect his instruments, ap¬ 
proved of their justness, as well as of the observations made 
with them. See SiotiTS.—Our two countrymen Jcr. 
Horrox and Will. Crabtree, nre, celebrated for their ob¬ 
servations from the year 1635 to 1645, who first observed 
the transit of Venus over the spn in the year l639 —They 
were followed by Flamsteed, Cassini the father and son, 
Halley, de la Hire, Roemcr, and Kirchius.-—We have also 
now had published the accurate observations of Dr. Brad¬ 
ley and of Dr. Maskclync; us also those of the French 
and other observatories, with the observations of many in¬ 
genious private astronomcn, which arc to be found in the 
Transactions and Memoirs of the various Philosophical 
Societies.—There have been also observations of many 
other eminent astronomer*; as, Galileo, Huygens, and our 
countryman Harriot, whose very interesting observations 
. have lately been brought to light by the carl of Egremont, 
and count Bruhi, though they have not been thought fit to 
be published. Other publications of celestial observations, 
arc those of Cassini, LaCaillc, Monnicr, Utlandc, Herschel, 
&c.—Sec farther under Cblestiat- Obtervationt, Cata¬ 
logue, Observatory, &c- 

Astrosiomical Place of a star or planet, is its longi¬ 
tude, or place in the ecliptic, reckoned from the beginning 
of arics, in coniequentia, or according to the order of the 
signs. 

ASTRONOMICALS, a name used by some writers for 
8e.xagcsiinal fractions ; on account of their use in astrono¬ 
mical calculations. 

ASTRONOMlCCS ilocffus. See Radius. 


astronomy, the doctrine of the heavens, and their 
phenomena. Astronomy is properly a mixed mathematical 
science, by which we become ncquainicd with the celes- 
tial bodies, their motions, periods, eclipses, magnitudes, 
distances, and other phenomena. Some, however, under¬ 
stand the term astronomy in a more extensive sense, as 
comprising in it the theory of the universe, with the pri¬ 
mary laws of nature : in which sense it seems to be rathei 
a branch of physics than of mathematics. 

liixiory of ./^irronomy.—The invention of astronomy 
has been variously given, and ascribed to seveial jmt- 
sons, several nations, and several ages. Indcctl it is pro¬ 
bable that mankind never existed without some know- 
le<h>e of astronomy amongst them. For, besides the mo¬ 
tives of mere curiosity, which arc sufTicienl of themselves 
to have excited men to a contemplation ol the glorious 
and varying celestial canopy, it is obvious that itnne parts 
of the science answer such essential purpose* to mankind, 
as to make the cultivation of it a matter of indispcnsible 
necessity.—Accordingly we find traces of it in various 
nations, and records of its cultivation by the enrliesi 
inhabitants. Josephus informs us, that the sons ol Seth 
cmployeil themselves in the study of astronomy, and that 
they engraved their observations on (wo pillars, one of 
brick and the other of stone, in order that they might be 
preserved from the ilcslruction which Adam had foretold 
shouhl come upon the earth. He also relates that “Abra¬ 
ham gave lectures in astronomy and arithmetic to the 
Egyptians,” “ which,” he says, “ they knew nothing of, till 
Abraham brought (hem from Chaldea to Egj'pt, and from 
tlicncc they passed to the Greeks.” Bt rosusulso observe, 

“ that Abraham was a great and just man, end famous fdr 
his celestial observations.” llie same author ascribe* to 
the antediluvians a knowledge of the astronomical cycle 
of 600 years, which may be supposed to mean the period 
in which the sun and moon came again into the same sHoa- 
tion with regard to the nodes, apogee of the moon, Ac. 

“ This period,” says Cassini, “ of which we find no intima¬ 
tion in any monument of any other nation, is the most ac¬ 
curate of the kind that ever was invented : for It brings out 
the solar year more exactly than that of Hipparchus and 
Ptolemy; and the lunar month within about one second 
of what is determined by modern astronomers." If the an¬ 
tediluvians had such a period of 600 years, they must have 
known the motions of the sun and moon more c.sactly than 
their descendants knew them some ages after the fiood. 

The accounts however which we have of these matters, 
anterior to the flood, do not carry with them the degree 
of credibility that would justify a more particular mention 
of them; nor would a more copious detail conduct us to 
any certain conclusion of the age or country where the 
science of astronomy first originated, or by whom it was 
first methodised and extended. Whatever credibility fhw 
uncertain testimonies of the ancients may poMess; certain 
it is that most authoft arc agreed that the commencement 
of the science originated either in Chaldea, Egypt, or In¬ 
dia; all of which nations pretended to a very high anti¬ 
quity, and equally claimed the honour of p^uclng the 
fint cultivaton of this science. The Chaldeans in parti¬ 
cular boasted of their temple, and enormous tower of Be- 
lus, which has been thought by some to have been an as¬ 
tronomical observatory; and no less of their famous as¬ 
tronomer and philosopher Zoroaster, whom they placed 
300 years before the destruction of Troy. While the 
Egyptians, with similar ostentation, TaniiM ef their Col- 
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leges of priests^ which were the depots of every species of 
knowledge; and of the monument of Osymandyas, in 
which trudition asserts, there was a golden circle of 365 
cubits in circuaircTence, and one cubit thick, divided into 
305 equal parts according to (he days of the year, and 
containing: the beliucai risings and settings ol the stars for 
each day, 6iC. 

It ib indeed evident that both Chaldea and Egypt were 
countries very proper for abtronomical observations, on 
account of the extended flatness of the country, and the 
purity and serenity of the air. The lower of Belus, or of 
Uubel, being of a great height, was probably an astrono* 
mica I observatory ; and the lofty pyramids of Egypt, what¬ 
ever they were originally designed for, might perhaps an¬ 
swer the same purpose; at least, they show the skill of 
this people in practical astronomy, as they arc all placed 
with their four fronts exactly facing the cardinal points 
of the compass. For it is hardly possible, that they should 
have placed them in that striking position, and with such 
a degree of exactness, without some particular reason; 
and this being the case, it will follow, that they ^vcre ac* 
quainted with the correct method of drawing a meridian 
line, which is*a matter of more difliculty than is generally 
su|)|>obed: it being well known (hat Tycho Biab4, the 
most able astronomer of his time, committed an error of 
scleral minutes in tracing that of the observatory of Ura- 
nisburg. 

'rhe Chaldeans certainly began to make observations 
soon after the confusion of languages, as appears from the 
observations found there on the taking of Babylon by 
Alexander; and probably much carljcl** It hence appears 
that they had determined, with lolemble exactness, the 
length both of a periodical and syno<iical month* 1'hcy 
had also discoveu'd, (hat the motion of the moon was not 
uniform; and they even attempted to assign those parts of 
the orbit in which the motion is quicker or slower. \Vc 
are also assured by Ptolemy that they were not unac¬ 
quainted with the motion of the moon's apogee and nodes, 
the latter of which they supposed made a complete revo¬ 
lution in 6585^ days, or a little more than 18 years, and 
that it contained 223 complete lunations, which period is 
Culled the Chaldean Sarot. From HipparchuSt I be same 
author also giv/^s us several observations of lunar eclipses 
made at Babylon above 720 years before Christ* And 
Aristotle informs us, that they had many occultalions of 
the plunels and fixed stars by the moon; a circumstance 
which led them to conceive that eclipses of the sun were 
to be attributed to the same cause. They had also no in¬ 
considerable share in arranging the stars into constelia- 
tions. Nor had even tlntse eccentric bodies the comets 
escupi'd (heir observation : for both Diodorus Siculus and 
Appollinus Myndicus, Seneca informs us, accounted these 
to be permanent bodies, having slaurl revolutions as well 
as the planets, but in much more extensive orbits: al¬ 
though others* of them were of opinion, that the comets 
were only meteors raised very high in the air, which, 
blasting for a while, disappear when the matter of which 
they consist is consumed or dispersed* The art of dialling 
was also practised among them long before the Greeks 
were acquainted with that science, rierodotus says, that 
the Greeks were made acquainted with the use of the Foie 
and Gnomon through the medium of the Babylonians; 
the latter of wbicli seems to have been the most ancient 
instrument made use of io astronomy* 

The Egyptians, it appears from various circumstances, 
^ oL. I* 


laid claim to nearly tlic'same critical protonsion' in iKc 
knowledge of Oi^tiononiy as the Chaldeans. HcroO‘»Tu> 
aiCrib<*s their knowK<lge in the science to Sesoslri^; pro¬ 
bably not (lie same ishom Newton makes contemporary 
with Solomon, as they were acquainted with astronomy 
at least many hundred yearns before that ajm. \Vc h^arn, 
from tlie testimony of some ancient authors, many parh- 
culars relative to (he state of their knowledge in this sci¬ 
ence; such OS, that they believed the figure of the earih 
was spherical; that the moon was eclipsed by passing 
through the earth's shadow, though it docs not ccrlainlv 
appear that they had any knowledge of the true s\sfeni 
of the universe; that they attempted to measure the mag¬ 
nitude of (he earih and sun, though their methods ot as¬ 
certaining the latter were very erroneous; and that they 
even i>rclcnded to foretel the appearance of comets. 

Diodorus Siculus also informs us that the Kgyp(*an< 
discovered that the planets had sometimes a <lirccu aiul 
sonu times a retrograde motion, and at others were sta¬ 
tionary: that tiny made the sun move in a circle inchnid 
to the equator, and in a c<mtrary direction to the diurnal 
motion* 'I he idea of dedicating the seven days of the 
week to (he planets, is also ascribed to the Egyptians. 
We are also further informed by Mr. E. Uarnard, that 
these people discovered that the stars had an annual mo¬ 
tion of 50'" f/" 45"" in a year (FhiL Trans. No. 158): and 
by Mactobius that the Kgsptians made the planets revolve 
about the sun in the same order as is ascribed to them by 
us: but it docs not appear at what time the planets were 
first discovervd to be of a diflerent nature from the fixed 
stars nor by whom. I'bcy wore also acquainted, as is 
geiKTally supposed, with several other branches of this 
science, as indeed were the Chaldeans; which will appear 
from the first notions they entertained of the system of 
the world, and the agreement which has been found among 
several ancient meivsurcs of the circumference of the earth. 

Many other miiions, it is true, have claimed the honour 
of the original cultivation of this science; but among the 
various observations of the ancients which have 
transmitted to us, none appear of greater antiquity than 
those of the Chinese* The most remarkable of these is a 
conjunction of five of the planets which, accurdfng to 
their annals, is said to have taken place in the reign uf 
their emperor Tcheun-hiu, about 2500 years before Cbridt. 
They also mentiqii an eclipse of the sun, which happtnicd 
ill (he constellation Scorpio about the year 2150 of the 
same a?ia; and which is to have proved fatal to two 
Chinese astronomers, of the names of I Id and Hi, who 
were condemned to death by the emperor Tchong-kutig, 
on account of their omitting, through negligence and in¬ 
toxication, to announce the precise time nl t^hich it ar¬ 
rived. And from these data, apparently well attested, se¬ 
veral eminent astronomers have endeavoured to discover 
whether these events could have possibly happened about 
the time berc mentioned; but the subject is attended with 
too many diflicultii^ to afford any satisfactory result 

Most of the accounts which we have of the Chinese 
astronomers have come from the Jesuit missionarios. They 
inform us, that the Chinese were originally taught the sci¬ 
ence of astronomy by their first emperor Fo-lii, who is 
supposed by some to bo tbe same with Noah. He also 
constructed astronomical tables^and gave the figures of the 
heavenly bodies. In the reign of the emperor Hoano-ti, 
about 2ii97 years before Christ, Yuchi likewise observe<l 
the pole-star and the coiistcllatiuns circumscribing it* He \ 
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aUo consirucled a sphere with several fixed and moveable. 
circles; and was the author of an instruinenl by which 
lie could find the four cardinal points, without any refer¬ 
ence to the licavcns; which was probably the same as a 
compass. Nearly about this time the cycle of 60 years 
was also established, and it is asserted by P. Gaubril, 
that for more tlian a century A. C. the Chinese had dis¬ 
covered the obliquity of the ecliptic, with the theory of 
eclipses: and that they were, long before that, acquainted 
with the true length of the solar year, the method of ob¬ 
serving meridian altitudes of the sun by the shadow of a 
gnomon, and of deducing from thence his dociination, and 
tlic height of the pole. The same missionary also says, 
that the Chinese have yet remaining some books of astro¬ 
nomy, which were written about 200 years before Christ; 
from which it appears, that the Chinese had known the 
daily motion of the sun and moon, and the times of the 
levolutions of the planets, many years before that period. 

Du Haldu likewise informs us, that Tchcou-cong, the 
most skilful astronomer that ever China produced, lived 
more than a thousand years before Christ; that he passed 
whole nights in observing the celestial bodies, and orrang- 
ing them into constellations, &c. At present, however, 
the stale of astronomy is but very low in that country', al¬ 
though it be cultivated at Peking, by public authority, in 
like manner as in most of the capital cities of Europe. 

The inhabitants of Japan, of Siam, and of the Mogul’s 
empire, have also been acquainted with astronomy from 
time immemorial; and the celebrated observatory at Be¬ 
nares, is a monument both of the ingenuity of the people, 
and of theirskill in that science. 

According to Porphyry, astronomy must have been of 
very ancient standing in the cast, lle'infurms us that, 
when Babylon was taken by Alexander, there were brought 
from thence celestial observations for the space of I903 
years ; which therefore must have commenced within 115 
years after the flood, or within 15 years after tlic building 
of Babe).—Epigeiu's, according to Pliny, affirmed that the 
Babylonians had olwcrvations of 720 years engraven on 
bricks.—Again, Achilles Tatius ascribes the invention of 
astronomy to the Egyptians; and adds, that iheir know¬ 
ledge of that science was engraven on pillars, and by that 
means transmitted to posterity. 

M. Bailiy, in his elaborate history of ancient and tpo 
dern astronomy, endeavours to trace the origin of this sci¬ 
ence among the Chaldeans, Eg>'plians, Persians, Indians 
and Chinese, to a very early period. And thence he main¬ 
tains, that it was cultivated in Egj-pt and Chaldea 2800 
years before Christ; in Persia, 3209; in India, 3101; and 
in China, 2952 years before that ®ra. He also appre¬ 
hends, that astronomy had been studied even long before 
these distant periods, and that we aro only to date its re¬ 
vival from thence. 

In investigating the antiquity and progress of astronomy 
amcmg the Indians, M. Bailiy examines and compares four 
diflferent sets of astronomical tables of the Indian'philoso- 
phers, namely that of the Siamese, explained by M. Cas¬ 
sini in i 6S9; that brought from India by M. le Gcntil of 
the Academy of {jcicnces; and two other manuscript ta¬ 
bles, found among the papers of the late M. de Lisle; all 
of which he found to agree very accurately, and referring 
to the meridian of Benares, above mentioned. It appears 
that the fundamental epoch of the Indian astronomy, is a 
conjunction of the sun and moon, which took place at the 
amazing tlistaiicc of 3102 years before Christ: and M. 
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Bailiy informs us that, by our most accurate astronomical 
tables, such a conjunction did really happen at that time. 

He further obsen es that, at present, the Indians calcolaie 
eclipses by the mean motions of the sun and moon ob¬ 
served 5000 years since; and that their accuracy, with re¬ 
gard to the solar motion, far exceeds that of the bc-st Gre¬ 
cian astronomers. They had also settled the lunar mo¬ 
tions by computing the space through which that lumi¬ 
nary had passed in 1,600,984 days, or a little more than 
4383 years. M. Bailiy also informs us, that they make 
use of the cycle of 19 years, the same as that ascribed by 
the Greeks to Melon; that their theory of the planets is 
much better than Ptolemy’s, as they do not suppose the 
earth in the centre of the celestial motions, and believe 
. that Venus and Mercury move round the sun ; and that 
their astronomy agrees with the most modern discoveries 
as to the decrease of the obliquity of the ecliptic, iheac- 
Cfleraiion of the motion of the equinoctial points, &c. 

In the 2d vol. of the transactions of the Royal Society 
of Edinburgh, is also a learned and ingenious dissertation 
on the astronomy of the Brahmins of India, by Mr/Pro¬ 
fessor Playfair; in which the great accuracy and high an¬ 
tiquity of the science, among them, is reduced to the 
greatest probability. It hence appears, that iheir tables 
and rules of computation have peculiar reference to an 
epoch, and to observations, 3 or 4 thousand years before 
Christ; and many other instances arc there adduced, of 
their critical knowledge in the other mathematical sci- 
euces, employed in their precepts and calculations. 

Astronomy, it seems too, was not unknown to the Amo- 
ricans; though in their division of lime, they made use 
only of the solar, and not of the lunar motions. And that 
the Mexicans, in particular, had a strange predilection 
for the number 13, by means of which they regulated al¬ 
most every thing: their shortest ))criods consisted of 13 
days; their cycle of 13 months, each containing 20 days; 
and their century of 4 periods, of IS years each: and this 
excessive veneration for the number 13, arose, according 
to Siguenza, from its being the number of their greater 
gods. And it is very remarkable, that the Abb6 Chavigero 
asserts it as a fact, that, having discovered the excess of a 
few hours in the solar above the lunar year, they made use 
of intercalary days, to bring them to an equality, as esta¬ 
blished by JuliusCa:sar in the Roman Colendnr; but with 
this difference, that, instead of one day every 4 years, they 
interposed 13 days every 52 years, which produces (be 
same effect. 

This science however fell into great decay with the 
Egyptians, and in the time of the emperor Augustus, it 
was entirely extinct among them. 

From Chaldea and Egypt the science of a.Mronomy 
passed into Phenicia, which this people applied to the 
purposes of navigation, steering their course by the north 
polar star ^ and hence they became masters of the sea, 
and of almost all the commerce iiTthc world. 

The Greeks, it Is probable, derived their astronomical 
knowledge chieBy from the Egyptians and Phcenicians, by 
means of several of their countrymen who visited these 
nations, for the purpose of learning the different sciences. 
Newton supposes that most of the constellations were in¬ 
vented about the time of the Argonautic expedition; but 
it is more probable that they were, at least the mater . 
part of them, of a much older date, and rierivea from 
other nations, though clothed in fables of their own in¬ 
vention or application. Several of the constellations arc 
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incntkoncJ by Hesiod and Hom^r» the two most ancient 
writers among the Greeks, and who lived about 870 yean 
before Christ. Their knowledge in this science, however, 
was greatly improved by Thales the Milesian, and other 
Greeks, who travelled into Egypt, and brought from 
thence the chief principles of the science. Thales was 
torn about 640 years before Christ; and he, first of all 
among the Greeks, obscr>'ed the stars, the solstices, the 
eclipses of the sun and moon, and predicted the same. 
And the same was farther cultivated and extended by his 
successors Anaximander, Anaximanes, and Anaxagoras; 
but most especially by Pythagoras, who was born 577 years 
before Christ, and having resided for several years in 
Egypt, Ac, brought from thence the learning of these peo** 
pie, taught the same in Greece and Italy, and founded the 
sect of the Pythagoreans. He taught that the sun was in 
the centre of the universe; that the earth was round, and 
people had antipodes; also that the moon redected the 
rays of the sun, and was inhabited like the earth ; that 
comets were a kind of wandering stars, disappearing in 
the further parts of their orbits; that the white colour of 
the roilky-way was owing to the united brightness of a 
great multitude of small stars; and.be supposed that the 
distances of the moon and planets from the earth, were in 
certain harmonic proportions to one another. 

Philolaus, a Pythagorean, who flourished about 450 
years before Christ, asserted the annual motion of the 
earth about the sun. He was persecuted for propagating 
this opinion,and obliged to fly; and it is a circumstance 
worthy of remark, that Galileo lost bis liberty for main¬ 
taining the same. Not long after, the diurnal motion of 
the earth on her own axis, was taught by Hicctas, a Syra¬ 
cusan. About the same time flourished at Athens, Meton 
and Euctemon, where they observed the summer solstice 
432 years before Christ, and observed the risings and set* 
tings of the stars, and what seasons they answered to. 
Melon also invented the cycle of 19 years, which still 
bears his name. 

The next astronomer was Eudoxus the Cnidian, and 
scholar of Plato, who lived about 370 years before Christ, 
and was accounted one of the most skilful astronomers 
and geometricians of antiquity, being esteemed the in¬ 
ventor of many of the propositions in Euclid's Elements, 
and having introduced geometry into the science of astro¬ 
nomy. He travelled into Asia, Africa, Sicily, and Italy, 
for improvements in astronomy; and we arc informed by 
Pliny, that he determined the annual year to contain 365 
days 6 houn, and also the periodical times of the planets, 
and made other important observations and discoveries. 

Calippus flourished soon after Eudoxus, and his celestial 
sphere is mentioned by Aristotle; but be is better known 
by his invented period of 76, containing 4 corrected Me- 
tonic periods, and which commenced at the summer sol- 
Mice in the year 330 before Christ. About his time the 
knowledge of the Pythagorean system was carried into 
luly, Gaul, and Egypt, by certain colonies of Greeks. 

However, the introduction of astronomy into Greece is 
represented by Vitrovius in a manner somewhat diATercnt 
Me maintains, that Berosus, a Babylonian, brought it im¬ 
mediately from Babylon itself, and opened an astronomi¬ 
cal school in the isle of Cot. A^d Pliny says, that in con¬ 
sideration of bis wonderful predictions, the Athenians 
erected him a statue iDthegymnasium,withaplded tongue. 
But if this Berosus be the same with ibe author of the 
Choldaic histories, he must have lived before Alexander. 
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After (he death of this conqueror, the sciences fl<>un>liril 
chiefly in Egypt, un<liT the auspices of Ptolemy Plnla- 
delphus and his successors. He founded a school ihcie, 
which continued lo be the grand seminary of learning, (ill 
the invasion of (he Saracens in the year of Christ 650. 
From the founding of that school, the science of astro¬ 
nomy advanced considerably. Aristarchus, about 270 
years before Christ, strenuously asserted the Pythagorean 
system, and gave a method of determining the sun's di¬ 
stance by the dichotomy of the muon.—I .ratusthenes, who 
was born at Cyrene in the year 271 before Christ, mea¬ 
sured the circumference of the earth by means of a gno¬ 
mon ; and being invited to Alexandria, from Athens, by 
Ptolemy Euergetes, and made keeper of the royal library 
I here, he set up for that prince those arnnllary spheres, 
which Hipparchus and Ptolemy the astronomer afterwards 
employed so successfully in observing the heavens. He 
also determined the distance between the tropics to be 
of the whole meridian circle, which makes the obliquity 
of the ecliptic in his time to be 23^ 51 j'.—The celebrated 
Archimedes likewise cultivated astronomy, as well as geo¬ 
metry and tncclianics: he determined the distances of the 
planets from one another, and constructed a kind of pla¬ 
netarium or orrery, to represent the phenomena and mo¬ 
tions of the heavenly bodies. 

The next ancient astronomer that deserves our most 
grateful acknowledgements, for the number of bis correct 
observations, as well as the important conclusions he de¬ 
rived from them, is Hipparchus. This celebrated astrono¬ 
mer was the first who cultivated all the branches of this 
science; his first labours were directed to the obliquity 
of the ecliptic, observed by Eratosthenes, which he found 
to be perfectly correct; and this was afterwards confirm¬ 
ed by Ptolemy. He next attempted to determine the 
length of the tropical year; a thing which had not been 
done by his predecessors, as he conceived, with that de¬ 
gree of accuracy as the importance of it deserved : this 
be did by observing the interval of the return of the sun 
to the same tropic or equinox: he imagined that if ht* 
could get two corresponding observations, after a gn^ac 
number of revolutions, the error would be proportionally 
dimlDisbed; which was the method employed by future 
astronomers, in determining the mean motions of all the 
planets; a discovery of very high importance in this sci¬ 
ence. He compared the observation of a solstice by Ari¬ 
starchus, with one made by himself, at the interval of 145 
years, and found that this happened half a day sooner than 
it ought to have done, if the year consisted of 365| days, 
ns the Greeks believed before him. Thus then he deters 
mined the tropical year to be 365^ 5^ 55"^ 12^, bein® 
nearly 44 minutw too great. He constructed the first so¬ 
lar tables, of which any mention is made In the history 
of ^tronomy; and discovered the excentficity of the 
suns orbit; he also considered the motion of the moon, 
and attempted to estimolc the exact time of her revolu¬ 
tion, by a comparison of ancient eclipses; he likewise dis¬ 
covered the oxceotricity of her orbit, as indeed he did 
that of all the planets : ho found that the moon's motion 
was not uniform, that she moved slower in the apogee of 
her orbit than tti the perigee, and that there was a mo¬ 
tion of anticipation of her nodes; be collected the ac¬ 
counts of the Egyptians and Chaldeans relative to eclip¬ 
ses ; and calculated all that were to happen for 600 years 
lo come. It is abo to this celebrated astronomer that we 
are indebted for the discovery of the priuciple of the equa* 



AST 


AST [ iG4 ] 


•iyn of time, and the equally imjiorlaiil oin- of the preces¬ 
sion of the equinoxes; he lound that the stars changed 
their declinations, but not their latitudes, and on which 
account he referred them to the ecliptic, lie also knew 
that ah eclipse of the sun varied on different parts of the 
earth ; and thus discovered tliat the mo«>n liad a parallax; 
and this suggested to him a method of determining the 
sun’s distance from the earth more accurately than any 
of his predecessors had done ; be also enriched geography 
with many discoverits, and was the first writer that we 
arc acquainted with on spherical trigonometry; bnl his 
chief work is a catalogue which he made of the fixed stars, 
to the number of 1022, with their longitudes, latitinhs, 
and apparent magnitudes; which, with most of his other 
observations, are preserved by I*t.>lcmy in his Almagest. 

After this periml it may be remarked, that little pro¬ 
gress was made in this science from the lime of the lust- 
mentjoned astronomer to lliat of Ptolemy, who was born 
at Ptolcmais in tgypt, in the first centuiy of Christianity, 
and who made the greatest part of his <*bscrvations at the 
celebrated school of Alexandria in that country. Profil¬ 
ing by those of Hipparchus, and other ancient astrono¬ 
mers, he formed a system of his own, which, though er¬ 
roneous, was followed for many tiges by all nations. He 
compiled a great work, called the Almagest, a name givt n 
it by the Arabs: but which was originally entitled hfsya- 
Aij IvvTa^ii, or Great Construction. From its containing 
the obsersations and collections of Hippiirchiis, Fimoclja- 
ris, and others his predecessors in astronomy, it will ever 
be valuable to the professors of that science. Thus did 
the Alexandrian school continue to be enriched, and to 
gain celebrity in science, for more than five centuries; 
whun (as has been observed) an event the most calami¬ 
tous, and the most disgraceful to its perpetrators, laid in 
ruins its valuable library, and consumeil in one hour the 
labours of all the most celebrated astronomers of that 
period. But- it deserves to he remarked, that the very 
poojile who destroyed those admirable treasures of learn¬ 
ing and invention, became nfterwiitds the protectors of 
science and literature, and cullis'ated astronomy with the 
gn-atest ardour. 

Geography likewise is much indebted to Ptolemy for 
his meritorious services in collecting all the determina¬ 
tions of the lalitudesand longitudes of places then known, 
and for his futidamenlul principle of the methods of pro¬ 
jections for constructing geographical charts; which was 
scarcely known before his time. The Almag<'st was pre- 
.served from the lamentable conflagration of the Alexan¬ 
drine library by the Saracens, and translated out ofGrcek 
into Arabic in the year 827, and from thence into Latin 
in 1230. The Greek original was-not known in Europe 
till the beginning of the 15lh century, when it was brought 
from Constantinople, then taken by the Turks, by George, 
a monk of Trabezund, by whom it was translated into 
Latin ; and various other editions have since appeared. 

During the long period from the year 800 till the be¬ 
ginning of the 14th century, the western parts of Europe 
were involved in the utmost ignorance and barbarity, 
while the Arabians, profiting by the books they had pre¬ 
served from the wreck of the Alexandrine library, culti¬ 
vated and improved all the sciences, and particularly that 
of astronomy, in which they had many able professors and 
authors. The caliph A1 Mansur first introduced a taste 
for the sciences'into his empire. His grandson Al Ma- 
tnoD> who ascended the throne in 814, was a great cn- 


coura‘'er and improver of the sciences, and especially of 
astronomy. Having constructed proper mstruinciils, he 
made many observations; determined the obliquity of the 
ecliptic to be 23* 35'; and under his auspices a degree of 
the circle of the earth was measured a second time in the 
plain of Singar, on the border of the Ue<l bea. Atmul the 
^ame time Alfcrganus wrote elements of astronomy; niid 
the science was from hence greenly cultivated by the Ara¬ 
bians, but principally by Albategniu<, w ho flourished about 
-the year 880, and who greatly reformed astronomy, by 
romjiaring liis own observations with those of Ptolemy; 
hence he computed the motion of the sun’s apogee from 
Ptolemy's time to his own ; settled the precession of the 
equinoxes at one degree in 70 years; and fixed the obli¬ 
quity of the ecliptic at 23® 35'. The tables which he 
composed, for the meridian of Aracta, were long esteemed 
by the Arabians. After his time, though the Saracens had 
many eminent astronomers, Several cenloriesolapsed with¬ 
out producing any very'valuable observations, excepting 
those of some eclipses observed by Ebn Younis, astrono¬ 
mer to the caliph of Egypt, by means of which the quan¬ 
tity of the moon’s acceleration since that time may be de¬ 
termined. 

Other eminent Arabian astronomers, were, Arzachcl a 
Moor of Spain, who observed (he obliquity of tlie eclip¬ 
tic; he also inqiroved trigonometry by constructing ta¬ 
bles of sines, instead of chords of arches, dividing the dia¬ 
meter into 300 equal parts. And Alhazen, his eontem- 
pomry, who wrote upon the twilight, the height of the 
clouds, the pheiiomcn 9 n of the horizontiil moon, and who 
first showed the importance-of the theory of refractions in 
astronomy. * 

Ulug Beg, grandson of the celebrated Tartar prince Ta¬ 
merlane, was a great proficient in practical astronomy; 
he had very large instruments, particularly a quadrant of 
about i80 feet high, with which he made good observa¬ 
tions. From these he determined the latitude of Samer- 
cand, his capital, to be 39° 37' 23"; and composed astro¬ 
nomical tables fur the meridian of tlic same so exact, that 
they differ very little from those constructed afterwards 
by Tycho Brahe; but his principal work was his Cata¬ 
logue of the fixed stars, made also from bis own observa¬ 
tions in the ycor 1437. 

During this p<‘riod, almost all Europe was immersed in 
gross ignorance. But the settlement n* the Moors in Sjioin 
introduced the sciences into Europe; from which lime 
they have continued to improve, nod to be corftmuaicated 
from one people to another, to the present time, when as¬ 
tronomy, and all the sciences, have arrived at a very emi¬ 
nent degree of perfection. The emperor Frederick ii, 
about 1230, first began to encourage learning; restoring 
some decayed universities, and founding a new one in 
Vienna: he also caused the works of Aristotle, and Pto¬ 
lemy’s Almagest, to be translated into Latin; and from 
the translation of this work we may date, the revival of 
astronomy in Europe. Two years after this, John dc S'a- 
cro Bosco, that is, of Halifax, likewise compiled, from 
Ptolemy, Albategnius, Alfcrganus, and other Arabic as¬ 
tronomers, his work De Sphara, which was held in the 
greatest estimation for 000 years after, and was honoured 
with commentaries by Clavius and other learned men. In' 
1240, Alphonso, king of Castile, not only cultivated as¬ 
tronomy nimself, but greatly encouraged others; and by 
the assistance of several learned men he corrected the ta¬ 
bles of Ptolemy, tmd composed thos^ which were denui^- 
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Tialcd'from him the Alphonsiiic Tables. About the same 
time also, Roger Bacon, an English monk, wrote several 
tracts relative to astronomy, particularly of the lunar as* 
peels, the soint rays, and the places of the li.\ed stars. 
And, about the year 1270, Vitcllo, a Polander, composed 
a treatise on optics, in which he showctl the use of re- 
fi-nctions in astronomy. Also our poet Chaucer, who was 
born in 1328, wrote a large and learne d work on the As- 
Irolabie, as he calls it, and indeed on practical astronomy- 
in general, detailing all the precepts very particularly 
and orderly. 

Little oilier improvement was made in astronomy till 
the time gf Purbach, who was born in lie com^ 

posed new tables o\ sines for every 10 minutes, making 
the radius 60, with four ciphers iiunexcd. He conslruci* 
e<l spheres and globes, and wrote several astronomical 
iracis; as, a coioineiilury on Ptolemy's Almagest; some 
treatises on Arithnu lic and Dialling, with tables for vari¬ 
ous climates; new tables of the fixed stars reduced to the 
middle of that century ; and he corrected the tables of 
the planets, making new equations to them where the Al- 
phnnsine tables were erroneous. In his solar t^ibles, he 
placed the sun^s apogee in the beginning of Cancer; but 
retained the obliquity of the ecliptic 23^ as deter¬ 
mined by the latest observations. He also observed some 
eclipses, made new tables for computing them, and had 
just finished a theory of Ihc planets, when be died, in 
1462, being only 39 years of age, 

Purbach was succeeded in his astronomical and mathe¬ 
matical labours by his pupil and friend, John Muller, com¬ 
monly called Regiomontanus, from Montcregio, or Ko- 
ningsherg, a town of Franconia, where he was born. lie 
completed the epitome of Ptolemy'a Almagest, which Pur¬ 
bach had begun; and after the death of Ids friend, was in¬ 
vited to Homo, where he also made many astronomical ob^ 
sorvations. Being returned to Nuremberg in 147 L by the 
encoiiragomcnl pf a wealthy citizen named Bernard Wal- 
ther, he made several instruments for astronomical obser¬ 
vations, among which was an armillary astrolabe, like that 
used in Alexandria by Hipparchus and Ptolemy, with 
which he made many observations, Using also a good clock, 
which was then but a late invention. He also made ephe- 
merides for 30 years to come, showing the lunations, 
eclipses, Sec ; and, the art of printing having then been 
lately iiiventeii, he printed the works of many of the most 
celebrated ancient astronomers. He wrote the Theory of 
the Planets and Comets, and a treatise on triangles, still in 
repute/or several good theorems; computing the tabic of 
sines for every single minute, to the radius 1000000, and 
introducing the use of tangents also into trigonometry. Af¬ 
ter bis deati), which happened at Rome in 1476, being only 
40 years of age, Wahher collected his papers, and conti¬ 
nued the astronomical observations till his own death also. 
The observations of both were collected by order of the se^ 
iiate of Nuremberg, and published there in 1544 by John 
Schoner:^ they were also afterwards published in l6l8 by 
3mdliut, at the end of the observations made by the Land¬ 
grave of Hesse; and lastly with those of Tycho Brah^ in 

j666. 

Walthcr was ^succeeded, as astronomer at Nuremberg, 
by John Wemer, a clergyman* He observed the motion 
of the comet in 1506; and wrote several tracts on gcomc- 
Iry, astronomy, and geography jn a masterly manner; the 
most rttparkable of which, arc those coaccining the mo* 


tioh of the Sth sphere, or of the lixed stars: in tliis tract, 
by comparing his own observations, made in 1514, with 
those ol Ptolemy, Alptionsu'', and others, he showed that 
the motion of the fixed siar>, since called the prect^^smn 
of the equinoxes, is 10'jii 100 years. He made also 
the fir^tstar of Aiies 26^ distant from the equinoctial 
point, and the obliquity af the ecliptic only 23® 26\ He 
also constructed a planetarium, representing the celestial 
motions according to the Ptolemaic hypotfu'sis ; and pub¬ 
lished a translation of Ptolemy’s Geography, with u com¬ 
mentary, in uhich he first proposed the method of finding 
the longitude at sea by observing the moon's disiancc from 
the fixed slai-s; now so successfully practised for that 
purpose. WcriuT died in 1528, at OOytaix ol age. 

'Phe next astronomer of eminence after the celebrated 
characters jiHt mentioned, was Nicholas Copernicus, who 
was born at 'I'honi, in Prussia, January I9tlq 1472. He 
is peculiarly deserving of notice, for having restort <l the 
old Pythagorean system of the world, which had conti¬ 
nued to be uiiixers'jUy neglected from the time of PtoV- 
my, and \>hicli is now »o uriiwrsally received throughout 
all llie ci\ilised couiuiics of Knr<q>c. After much time 
spent in mediiiilioii on the various systems, ami an atten¬ 
tive examination of all the hypotlu^c^s of his predecessors, 
he found that a circular motion of the planets about the 
earth was inviiflicient to solve the (ihentnnena; and he 
could not admit the revolulion of these bodii*s about an 
imaginary ccntie, which the doctrine of epicycles incul¬ 
cated. He therefore sought for a hajipicr espedient, and 
was soon led to the establislimenl of his own system, by 
ibc opinions whicli he fount! had been suggested by olher 
astronomers. He learnt lhal Philohuis had placed the 
sun in ihe centre, anti that Nicetas had given the earth a 
roialitm about ils axis; the previous knowledge of which 
was, doubtless, of the greatest utility in facilitating iiis 
laudable enquiries. The notion of placing the m<ist glo¬ 
rious luminary irt the heavens in the centre, could not but 
sirikc him with dtdight, it being so natural an idea; but, 
to bring it forward tis tnc basis of u system, supported by 
such new and demonstrative arguments in its favour, was 
a circumstance of much greater moment. Speaking ot 
its inerils, he says, By long observations, I discovered 
that if the motions of the planets be compared with that 
of the earth, and be cMinmtcd according to the times in 
which they perform their revolutions, nt^l only their seve¬ 
ral app<*Hranccs will follow from this hypothesis, but it 
will so connect the order of the planets, their orbits, mag¬ 
nitudes, and distances, and even the apparent motion of 
the fixed stars, that it will be impossible to remove one of 
these bodies out of its place without disordering the rest, 
and even the whole frainc of the universe.'^ Havirvg fojined 
the rudiments of his system, be applied himself with the 
greatest assiduity to the improvement of it, by making 
numerous observations, and comparing them with those 
of his predecessors. By these he constructed nevv tables, 
which, with the true system of the universe, were given 
ill.his great work of astronomy, entitled Astronomia In- 
staurattt* But, in consequence of the drea<l of pcrsecu- 
liun from religious bigots, and violent opposition from 
others under ihc denomination of astronomers, the pub¬ 
lication of this valuable performance was protracted, and 
the printing of it delayed till the year 1543, when Schoner 
and Osiaiidcr undertook the care of it, and the work came 
out under the title of Jlcvoloiioncs Orbium Ctclcstium^ 
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ft copy of wlticli Copernicus received a few hours before 
his dis-soluliQp, which happened on the 23d of May, 1543, 
in the 7l6t year of his age. 

After the death of Copernicus, the science and prac* 
tice of astronomy were greatly improved by many other 
persons, us Schoner, Nonius, Appian, Gemma Frisius, 
Kothman, llyrgius, the Landgrave of Hesse, &c.—Scho- 
ncr reformed and explained the calendar, improved tlie 
methods of making celestiol observations, and published a 
treatise ou cosmography ; but he died four years after Co¬ 
pernicus,—Nonius, or Nunez, wrote several works on ma¬ 
thematics, astronomy and navigation, and invented some 
useful and more accurate instruments than formerly; one 
of those was the astronomical quudrunc, on which he di¬ 
vided the degrees into minutes by a number of concentric 
circles; tlie hrst of which was divided into 90 equal 
parts or degrees, the second into 89. the third into 88. and 
so on, to 46'; so that, the index of the quadrant always 
falling upon or near one of the divisions, the minutes 
would be known by an easy computation. Nunez wrote 
also a tract on the Twilight; and a neat treatise on Alge¬ 
bra; besides other pieces.—The chief work of Appian, 
the Cssarean Astronomy, was published at (nguldstat in 
1540; in which he shows, how to observe the places of 
the stars and planets by the astrolabe ; to resolve astrono¬ 
mical problems by certain instruments; to predict eclip¬ 
ses, and to describe the figures of them ; and the method 
of dividing and using dn astronomical <|uadmnt: at the 
end arc added observations of 5 comets, one of which has 
been supposed the same with that observed by Hcvrlius, 
and if so, it ought to have returned again in the year 
1789;—but it was not observed Aen. Gemma Frisius 
wrote a commentary on Appian's Cosmography, accom¬ 
panied with many observations of eclipses: he also in- 
vented the astronomical ring, and several other instru¬ 
ments, useful in taking observations at sea; and was also 
the first who recommended a time-keeper for determining 
the longitude at sea,—Rheticus gave up his professorship 
of mathematics at Wittemberg, that he might attend the 
astronomical lectures of Copernicus; and, for improving 
astronomical calculations, he began avery extensive work, 
being a table of sines, tangents, and secants, to a very 
large radius, and to every 10 seconds, or of a minute; 
which was completed by his pupil Valentine Otho, and 
published in 1594. 

About the year 15fil, William iv, Landgrave of Hesse 
Casscl, applied himself to the study of astronomy, having 
furnished himself with the best instruments that could 
then be made: with these he made a great number of ob- 
sedations, which were published by Snellius in l6l8, and 
which were preferred by Hevelius to those of Tycho Brahi. 
From these observations be formed a catalogue of 400 
stars, with their latitudes and longitudes, adapted to the 
banning of the year 1593. 

The next astronomer of note was Tycho Brabfi, a 
noble Dane, who, from his assiduous attention to this 
science, became one of the greatest observers that ever 
existed: he began his observations about the same time 
with the Landgrave of Hes.se, above mentioned, and ob¬ 
served the great conjunction of Jupiter and Saturn; but 
finding the usual instruments very inaccurate, he con¬ 
structed many others, much larger and exactor, with 
which he applied himself diligently to observe the celes¬ 
tial phenomena. In 1571 he disebvered a new star in the 


chair of Cassiopeia; which induced him, like Hipparchus 
on a similar occasion, to make a new catalogue of the 
stars; which he did to the number of 777, and-adapted 
their places to the year l600. In the year 1576, by fa¬ 
vour of the king of Denmark, he built bis new observa¬ 
tory, called Uraniburg, on the small island Huenna, op¬ 
posite to Cnpcnbagen, and which he very amply furnished 
with many large instruments, some of them so divided as 
to show single minutes, and in others the arch might be 
read olT to 10 seconds. One quadrant was divided ac¬ 
cording to the method invented by Nonius, that is, by 47 
concentric circles; but most of them were divided by dia¬ 
gonals, a method of division invented by a Mr. Richard 
Chancelcr, an Englishman. Tycho employed his time at 
Uraniburg to the best advantage, till the death of the 
king; when, falling into discredit, he was obliged to re¬ 
move to Holstein ; and he afterwards found means of in¬ 
troducing himself to the Emperor Rodolpb, with whom 
he continued at Prague till the time of his death in l601. 
It is well known that Tycho was the inventor of a system 
of astronomy, a kind of scmi-Plolemaic, which he vainly 
endeavoured to establish instead of the Copcrnican or true 
system. His works, however, which are very numerous, 
show that hq was a man of groat abilities; and his disco¬ 
veries, together with those of Purbacb and Regiomonta¬ 
nus. were collected and published together in l681, by 
Lonsomonianus, the favourite disciple of Tycho. 

While I'ycho resided at Prague with the emperor, he 
prevailed on Kepler, who had formerly been his disciple 
and assistant at Holstein, and from his conduct and abi¬ 
lities bad rendered himself dear to him, to leave the uni¬ 
versity of Glatz, and to come to him, which he did with 
his family and librarj^in 16 OO: butTycho dying in I 6 OI, 
Kepler enjoyed during his life the title of matheinatidaa 
to the Emperor, who ordered him to finish the tables of 
Tycho Br^e, which he did accordingly, and published 
them in l627 uhder the title of Rodolphine. He died 
about the year l 6 S 0 at Ratisbon, where he was soliciting 
the arrears of bis pension. From his own observations, 
and those of Tycho, Kepler discovered several of the true 
laws of nature, by which the motions of the celestial bo¬ 
dies arc regulated. He discovered that all the planets 
revolved about the sun, not in circular, but in elliptical or¬ 
bits, having the sun in one of the foci of the ellipse; that 
their motions were notcquable, but varying, quicker or 
slower, os they were near to the sun or farther from him; 
but that this motion was so regulated, that the areas de¬ 
scribed by the variable line drawn from the planet to the 
sun, are equal in equal times, and always propbrtional to 
the times of describing them. He also discovered, by tri¬ 
als, that the cubes of the distances of the planets from 
the sun, were in the same proportion as the squares of 
their periodical tiroes of revolution. By observations also 
on comets, he concluded that they moved in very excen- 
tric orbits, end crossing those of the planets in all direc¬ 
tions, but which bo could not then determine. These dis- 
co^cs, and many others vrhich are to be found in.his 
writings, but of which no traces are discoverable in the 
annals of antiquity, will for ever iramortaliac his fame, end 
render his history interesting to the most distant ages. 

In Kepler's time there were many other good proficients 
in astronomy; as Edward Wright, Baron Napier, Joha 
Baiter, &c. Wright made several good mcrtdieiial obser¬ 
vations of the suu, with a quadrant cf 6 in the 
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years \59h 1595, and 1596; from which he greatly im¬ 
proved the theory of the sun's motion, and computed more 
accurately his declination than any person bad done be^ 
fore. In 1599 published also an excellent work en¬ 
titled Certain Errors iu Navigation discovered and de* 
tected/'containing a method which has commonly, though 
erroneously, been ascribed to Mercator.~To Napier wc 
owe some excellent theorems aitd improvements in sphe¬ 
rics, besides the cver-memorable invention of logarithms, 
one of the most useful ever made in the art of numbering, 
and of the greatest use in all the other mathematical sci¬ 
ences,—Bayer, a German, published his Uranometrin, be¬ 
ing a complete celestial atlas, or the figures of all the con¬ 
stellations visible in Europe, with the stars marked on them, 
and the stars also accompanied by names, or theletiers of 
the Greek alphabet; a contrivance by which the stars may 
easily be referred to with distinctness and prescision. 

The next astronomer, whose labours desene to be 
particularly recorded, is Galileo, who was born at 
Florence in the year I56i. He discovered the laws by 
which bodies falling freely arc accekTuled, and meditated 
deeply on their motions in general. From the valuable dis¬ 
coveries he made in this branch of physico-mechanicul 
’ science's, Newton and Huygens were afterwards enabled to 
derive the most complete and satisfactory theories of the 
planetary motions. Being informed of the invention of 
the tc(esco|>e, an ever-inefnorable instrument, and to 
which we are indebted for the most brilliant discoveries, 
and all the accuracy to which the science of astronomy 
has attained, be, by duly considering the principles of re* 
fraction, constructed one himself of far superior power, by 
which be discovered the inequalities of the moon's sur¬ 
face, thb satellites of Jupiter, and the ring of Saturn; also 
spots on the sun, by which he determined the revolution 
of that luminary about its axis: he also found that Venus 
exhibited the same phases as the moon; and discovered 
that nebula? and the galaxy were full of small stars. Ho 
was also a warm defender of the Copernican system, 
for which he was cruelly persecuted by a congregation of 
cardinal!, who made him abjure, upon his knees, in the 
most solemn manner, a truth which nature and his own 
conviction had shown to be infallible* He was afterwards 
imprisoned in the inquisition at Florence, where he was 
born; and died in the year 1042,leaving behind hlln many 
works which testify his great skill in the sciences. 

The history of astronomy, about tbis period, also oiTors 
us many names of very respectable observers; among 
whom may be noticed Mercator, Manrolycus, Homelius, 
and Stevin, abroad ; and in England,^ Thomas and Leo¬ 
nard Digges, John Dec, Robert Flood, Harriot, &c; tlic 
latter of whom, who had hitherto only been distinguished 
as an algebraist, made nearly the same discoveries as 
Galileo,and at as early a period, if not more so, as appears 
by bis papers not yet printed, in the possession of the 
^rl of Egremont. After whom, Mr. Horrox, a young 
astronomer of great talents, made considerable discoveries 
and improvements in this science. In 1653 he discovered 
that the planet Venus would pass over the sun's disc on the 
24th of November I639» an event which he announced 
only to liis friend Mr. Crabtree; and these two were the 
only persons in the wprid that observed this transit, which 
was also the Arst time it had ever been seen by human 
tyes. Mr* Horrox made also many other useful obser¬ 
vations, and had even fonhed a new theory of the moon, 
.taken notice of by Newton; but his early death, in the 


beginning of the year 1640, put a stop to his u^clul and- 
valuable labours. 

The next discoveries to Kepler's and Galileo's, were 
those of Huygens. This celebrated genius was the brst 
who applied pendulums to clocks, a discovery as brilliant 
and advantageous as ever wa:> presented to astronomy. 
He was also the Arst who found that the singular appear¬ 
ances of Saturn arc produced b) a ring by which the pla¬ 
net is sufTOunded; and from his great assuiuity in obser>*- 
ing it, be was led to the discovery of one of its satellites. 
To this memorable man, also, wc are indebted for some 
of the most useful theorems on centrifugal forces; and, 
had he had an idea of combining them with his enquiries 
into the dcvelopement of curves and the law s of Kepler, 
Newton had certainly not been the first to announce to the 
world the universal law of gravitation; but these arc the 
things in which discoveries generally consist. 

Next fiourished Hcvelius, Burgomaster of Dantzic, who 
furnished an excellent observatory in his own house,where 
he observed the spots and phases of the moon, from which 
observations he compiled hh Scicnographia; anti published 
ail account of his apparatus in his work entitled Machine 
a book now wry scarce, as most of the copies 
were accidentally burnt, with the whole house and appa¬ 
ratus, in 1679. Hcvelius died in 1688, aged 76. 

About this time the celebrated Dr. Hooke invented 
other instruments with tek'scopic sights,and censured those 
of Hevelius, which occasioned a sharp dtspulc between 
them ; to sclUt'which, the celebrated Dr. Halley was sent 
over to Hevulius to examine his insirunients. Tiie two as¬ 
tronomers made several observations together, very much 
totheir satisfaction, and among them was one of nn occul- 
Cation of Jupiter by the .moon, w hen tliey determined the 
diameter of the latter to be SO' S3". 

Before the middle of the J7th century the construction 
of telescopes had been greatly improved, particularly by 
Hti^’gens and Fontntia. The former constructed one of 
123 feet, w ith which he long obscrv'cd the moon and pla¬ 
nets, and discovered that Saturn was encompassed with a 
ring. With telescopes, also, of 200 and SOO feet focus, 
Cassini saw five satellites of Saturn, with his zones or 
belts,'and likewise the shadows of Jupiter's satellites pass¬ 
ing over his body. In 1666 Aaoui applied a micrometer 
to telescopes, to measure the diameters of the planets and 
other small distances in the heavens; but an instrument of 
this kind had been invented before, by Mr. Gascoigne, 
though it was but lijcle known'abroad. 

To obviate the difficulties of the great lengths of jv- 
fractfng telescopes and the aberration of the rays, it is 
said that Mersenc first sturted the idea of making telescopes 
of reflectors, instead of lenses, in a letter to Descartes; and 
in 1663 James Gregory of Aberdeen showed how such a 
telescope might be constructed. Afier some time spent 
also by Newton, on the construction of both sorts of 
telescopes, he discovered the great inconvenience which 
arises to fefractofs from the different rcfrangibility of the 
rays of light, and for which he could not then find a re¬ 
medy; and thcrcAre,pursuing (he other kind, in the year 
1672 he presented to the Royal Society two reflectors, 
which were constructed with spherical spcculums, as be 
could not procureother figures. The Inconveniences, how¬ 
ever, arising from the different refrangibilily of the rays of 
light, have since been fully obviated by the ingenious Mr* 
Doliood. Towards the latter part of the 17tb, and be¬ 
ginning of the 18tb century, practical astronomy, it seems, 
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ratlicr langi]i>hc(l. Dut at the same lime the speculative 
part was earned to the highest perfection by the immor¬ 
tal Newton in liis Pnncipia, and by the Astronomy of 
David Gregvry, 

Soon after this, however, great improvements of astro¬ 
nomical instruments began to take place, particularly m 
Britani. Mr. Graham, a celebrated mechanic and watch¬ 
maker, not only improved clocks and watch work, but 
uUo curried the accuracy of astronomical instruments to 
u siir|>rising degixT. ile constructed the old 8 feet mural 
arch at the Royal Observatory, Greenwich, and a small 
C(|uatorial sector (or making obsersations out of the meri¬ 
dian; but he is chiellv to be noticed for contriving the 
zriiitli sector of 21 iVet radius, and afterwards one ol 12| 
feet, with wliich Ur. liraHley discovered the aberration of 
the fixed stars. Tlie r«. Ileciinj; telescope of Gregory and 
Newton was also greatly improved by iMr. Hadley, who 
presented a very jioweilul instrument of that kiinl to tlie 
Hoyal Society in 17IJ). 'I'he same gentleman has also 
immortalized his memory by the invention of the reject¬ 
ing quadrant or sector, now called by liis name, whicli he 
presented to the society in i/Sl, and which is now used so 
universally at sen, especially where nice observations are 
required. It appeai-s, however, that an instrument simi¬ 
lar to this in its |)rinciplcs had been invented by Nevvton; 
and a description with a drawing of it given by him to Ur. 
Halley, when he was preparing for his voyage in 1701, to 
discover the variation of the tieedlc. It has also been as¬ 
serted, that a Mr. Godfrey, of Philadelphia in America, 
made the same discovery, and the first instrument of this 
kind. About the middle of this century, the construct¬ 
ing and dividing of large astronomical instruments were 
carried to great perfection by Mr. John Bird; and re¬ 
flecting telescopes were not less rmprovod by Mr. Short, 
who also first executed the divided object-glass micro¬ 
meter, which had been proposed and described by M. 
Louville and othen. Mr. Dollond also brought refract¬ 
ing telescopes to the greatest perfection, by moons of his 
ocromatic glasses; and, lately, the discoveries of licrschcl 
arc owing to the amazing powers of fcflcctors of his own 
construction. 

Thus the astronomical improvements jn the 18th cen¬ 
tury have been chiefly owing to the foregoing inventions 
and improvements in the instruments, and to the esta¬ 
blishment of regular observatories lu England, France, 
and other parts of Europe. Uocmer, a celebrated Danish 
astronomer, first made use of a meridional telescope; and, 
by observing the eclipses of Jupiter's satellites, he first 
discovered the progressive motion of light, concerning 
whicb he read a dissertation before the Academy of Sci* 
cnccs in Paris in 1675.—Mr. Flamsteed was appointed the 
first Astronomer Royal at Greenwich in 1675. He ob¬ 
served, for 44 years, all the celestial phenomena, of the 
sun, moon, planets, and fixed stars, of all which he gave 
an improved theory and tables', viz, a catalogue of 3000 
stars with their places, to the year 1689; also new solar 
tables, and a theory of the moon according to Horrox* 
likewise, in Sir Jonas Moore’s System of Mathematics, he 
gave a curious tract on the doctrine of the sphere, show¬ 
ing how, geometrically, to construct eclipse* of the sun 
and moon, a* well as occultaiions of the fixed stars by 
the moon. And it was on his table* that Halley's fables 
and Newton’s theory of the moon were also constructed. 
Cassini, also, the first French Astronomer Ruyal, very 


much distinguished himself, making many obsen'ations nn 
the »uii, muon, planclv, and comets, and greatly improved 
titc elements of their motions, fie also erected the gno¬ 
mon, and drew the celebrated meridian line in the church 
of Peirunia at Bologna. 

In 1719 Mr* Flamsteed was succeeded by Dr. Halley, 
as Astronomer Royal at Greenwich. The Doctor had 
been sent, at the early age of 21, to the island of St. He¬ 
lena, to observe the southern stars, and make a catalogue 
of them, which was published in l679> lo 1705 he pub- 
liSiied his Synopsis Astronomiec Cometica, in w hich be ven¬ 
tured to predict the return ofA comet in 1758 or 1759. 
lie was the first who discovered the acceleration of the 
moon, and he gave a very ingenious method fur finding 
her paralla.\ by three observed phases of a solar eclipse. 
He also published, in the Philosophical 'i'ransaclions, 
many learned papers, and among them some that were 
concerning the use that might bo made ofalie next transit 
of Venus in determining the disiancc of the sun from the 
earth, lie composed tables of the sun, moon, and all the 
pluncis, which are still in great repute; with which he 
compared the observations he made of the moon at Green¬ 
wich, amounting to near 1500, and noted the differences. 
He recommended the method of determining the longi¬ 
tude by the moon’s distances from the sun and certain 
fixed stars; a method which bad before been noticed, and 
which has since been carried into execution, more parti¬ 
cularly at the instance of the late Astronomer Royal, Dr. 
Maskelyne. 

About this time a dispute arose concerning (he figure 
of the earth. Sir Isaac Nevvton had determined, from a 
consideration of the laws pf gravity, and the diurnal mo¬ 
tion of the earth, that the figure of it was an oblate sphe¬ 
roid, or flatted at Ihc poles; -but Cassini had determined, 
from the measures of Picart, that the figure was an oblong 
spheroid, or lengthened at the poles. To settle this dis¬ 
pute, it was resolved, under Lewis xv, to measure 2 de¬ 
grees of the meridian; one near the equator, and the other 
as near the pole as possible. For this purpose, the Royal 
Academy of Sciences sent to Lapland^lcss. Ma^pertuis, 
Clairault, Camus, and Lc Monier, &c; and, on the south¬ 
ern expedition were sent Mess. Godin, Condamine, and 
Bouguer, to whom the king of Spain joined Don George 
Juan anal Don Antonio de Ulloa. These sot out in 1735, 
and returned at diflerent limes in 1744, 1745, nnd 1746; 
but the former party, who set out only in 1736, returned 
theyear following, having both fulfilled their commissions. 
Picart’s measure was also revised by Cassini and De la 
Caille, which, after his errors were corrected, was found 
to agree very well with the other two; and the result of 
the whole served to confirm the determination of the 
figure before laid down by Newton.* On the southern ex¬ 
pedition, it vvas found (hat the attraction of the great 
mountains'of Peru hud a sensible effect on ibcpluml^linc. 
of one of their largest instruments, deflecting it 7 or 8 se¬ 
conds from the true perpendicular. 

On the death of Dr. Halley, in 1742, he was succeeded 
by Dr. Bradley as Astronomer Roy^l at Greenwich. Ilic 
accuracy of his observations cnabjed him to delect the 
smaller inequalities in the motions of the planets and fi.tcd 
stars. The consequence of this accuracy was, the disco¬ 
very of tho aberration of light, the nutation of the earth’s 
axis, and a much greater degree of perfection In the lunaa 
tables. Ho also observed the places, and computed tha 
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cleiTK*nt<; of ilic comets which appeared in the years 17?3> 
173(>i 1743» uod 17^7. iie made new and accurate tables 
of tl)e motions of Jupiter's satellites; and from amiiltilu<le 
of observations of tite luminaries, he constructed a most 
accurate tabic of lefractions, with a general rule for com* 
putiiig them. AUo^ with a very Urge transit uistrumcnt, 
uitd a new mural 4uadranc of 8 feet radius, constructed 
by Mr. Bird in 17^0, he made an immense number of 
observations, for settling the places of all the stars in the 
British catalogue, together with near 1300 places of the 
moon, the greater part of which be compared uith Mayer's 
table>. Dr. Bradley died in 176*2. 

In the year 1760 all the learned Societies in Curo|>e 
made preparations for observing the transit of Venus ov'er 
the sun, which had been predicted by Dr. Halley more 
than 80 years before, with the use that might be made of 
it in determining the sun's parallax, and the distances of 
the planets from the sun. The same exertions wore al^o 
repeated, to observe the transit in 17C9» by sending ob- 
to ditlerent parts of the world, for the more con* 
Ycniiiice in observing* From the whole, Mr. Short com* 
puted that the sun's parallax was nearly seconds, 
and consequently the distance of the sun from the earth 
about 24114 of the earth's diameters, or 96 millions of 
miles. 

Dr. Bradley was succeeded, in 1762, in his office of Astro* 
nomer Royal, by Mr. Bliss, Savilian professor of astrono* 
my; who being in a declining state of health, did not long 
enjoy iu But, dying in 1765, was succeeded by Dr, Masko* 
lyiic, the late Astronomer Royal, who discharged the duties 
of that office with the greatest honour to himself, and be* 
n^t to the science. In January 1761 this gentleman was 
sent by the Royal Society, at a very early age, to ihc 
Island of St, Helena, to observe the transit of Venus over 
the 6Un, and the parallax of the star Sirius, I'be first 
of these ohjecis partly failed, by clouds preventing the 
bight of the 2d internal contact; and tlie 2d aUu, owing 
to Mr, Short having suspended the plumb*liue by a loop 
from the nock of ihc central pin. However, our astrono* 
mer indemnified himself by many other valuable observa* 
tions; Thus, at St, Helena, he observed tlic tides; the 
horary parallaxes of the moon; and the going of a clock, 
to hud, by comparison with tt^ previous motion which had 
been observed in England, the difference <if gravity at the 
two places : also, in going out and returning, he practised 
the method of boding the longitude by the lunar distances 
taken with a Hadley's quadrant, making out rules lor the 
Uie of seamen, and taught the method to the officers on 
Vmard the ship ; which he afterw'ards explained in a letter 
to the sixrctary of the Royal Society, inserted in the 
Philos. Tnins, for the year I762, and still more fully af* 
terwards, in the BritiA Marihcr's Guide, which he pub¬ 
lished in the year 176*3. He returned from St. Helena in 
the spring of 176*2, after a stay there of iO months; and* 
in September 176*3 sailed for the island of BarLadoes, to 
54*ctle Uic longitude of the place, and to compare Mr, 
Harrison's watch with llic time there, when this gentleman 
thould bring it out: another object was also to try Mr, 
Irwin's nianno<buir, which he did in his way out, While 
at Bafbadoes, he also made many other observations; and 
among them, several relating to the moon's horary paral* 
iaxes, not yet published. Returning to England in the 
latter part of the year 1764, he was appointed in 1765 to 
succeed Mr. Bliss as Astronomer Royal, and immediately 
recommended to the Board of Longitude the Rinar'method 
VoL, I, 
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of finding the longitude, and proposed to ih<‘in Uh t 

of a Nautical Almanac, to be calculated ai.d puoii h I r<» 
facilitate that method: this they agreed to, and it.i 
volume was published fur 1767* and which conlitin* d u.i 
h'is di^atii uiuler hi) direction, (o tlie great benelU nroi- 
gation and univcDul conunerce, 

A multitude of other u'^eful wntinus by this geiuiemafi 
arc inserted iu the volumes ot the Philos. 1 runs.; aiul par* 
ticularly, iu consequence of a proposal made by buu to 
the Royal Society, the noble project was formed of mea¬ 
suring very accurately the cflect ofsouu* mountain on ihe 
plumb-line, in deflecting it from the perpendicula?; and the 
mountain of Schihallien, in Scotland, having been loujal 
the most convenient in this island for the purpose, at the 
n*quest of the Society he went into ScoIIkihI to couducc 
the business, which he performed in tlie must accuiute 
manner; showing that the sum of the deflections on the 
two opposite sides was ,'ibout seconds of a dtgree; 
and prov ing, to the satisfaction of the world, the uiUMT'^al 
attraction of all matter: from the data resulting from 
whicii mensuies 1 have computed the mean density of the 
whole mutter in the earth, and have found it to be nearly 
5 times that of comirmn vvatcr. Besides many learned 
and valuable papers in the Philosophical Transactions, 
the most assiduous exertions in the duties of the obsvTva* 
tory, as abundantly appears by the curious und volumi¬ 
nous observations which he has given to the public, the 
w'orld is particularly obliged to his endeavours with the 
Board of Longitude, for the ptiblicuttun ut the Nautical 
Ephemeris, and the method of observing the longitude, by 
the distances of the moon nnd stars, now adopted by alt 
nations, and by which (he practice of navigation has been 
brought (o thcgn*atcs( perfection. l)j. Masktdyne died 
the 9th of Ft^bruury 1811, and lius been succeeded in liis 
office by Mr,John Pond. 

The discoveries of Dr. llorschel form a new in 
astronomy. He first, in 1781, begun with observations on 
the periodical ^tH^ in Collo Ceti, uiid a new method of 
measuring the lunar mountains, none of which he made 
more than half a mile in height: and, having construcied 
le)escqpi*s vastly more powerful than any former ones, he 
proceeded to other observations, concerning whicii hc has 
had several papers printed in the Philosophical 'Inins* 
actions; as, On the rotation of the ]>lanets round their 
axus; On the parallax of the fixed stars; Catalogues of 
double, triple, &g stars ; On the proper motion of the sun 
and solar system ; On the remarkable appearances of the 
solar regionsof the planet Mars, &c, \c; and, above all, 
His discovery of a new primary planet, on itie 13th of 
March 1781, which lie called the Georgian |ilunet; tliougli 
at first named the planet Hcrschel by the French and io- 
rcignastronomers, but lately, and more genenilly, Uranus; 
by which, aniUts six saielliters, lie has greatly enlarged 
the boundsof tbe solar system, this new planet being mojo 
than twice us far from tlie suiias the plun4t Saturn. 

M.Piaz2i,a.-tronomcr royal at Palermo,on Jan. 1,1801, 
the first day of the I9U1 century, discovered another pla^ir, 
net, moving in an intermediate orbit between Mors and Ju* 
piler. It had long been conjectured by Maclourin, Bax¬ 
ter, L^mbc-rt, Bode, Zach, and others, that there was a 
primary planet wiibiu this space; and the discowr}^ Inis 
answered to some of these conjectures in a very ex¬ 
traordinary manner. This planet is now distinguished 
by the name Ceres; (hough it would perhaps be better 
U> call tilts, and all the new pluncU, by the names of their 
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nspcctivc (Jiscuvcrers* Anolh<*r new and ^mall planet was 
discovered by i)r* (^Ibccs ol Urcineii, on March 28^ 1802 * 
it »s called Pallas, and is distant from Mars nearly clio 
game as Ceres, their orbits indeed interim cting each other. 
—Juno is also another very small planet, in the same in¬ 
terval, discoNcred by M. Harding, at Idhcnihal, <»n S< pt. 1, 
1804; and is a little farther <listant llian Cero^i and Pal¬ 
las, A fourih of these small planetary bo<licsi*as disco¬ 
vered by Dr, Olbcrs the of March, 1807, which is 
denoted by the name of Vesta. And indeed it is highly 
probable that, as astronomical instruments arc improved, 
h<Mv discoveries of this kind will be made, and our system 
be enlarged by the discovery of planets making their ex¬ 
cursions even beyond the orbit of the planet Uranus, or 
IliTschcl, as well as sonic within the orbit of Mercury. 

In the labours ofscicntilic men on physical astrpnoiny, 
the most distinguished names after Newton, are Maclau- 
I rii, Clairaut, Simpson, Euler, Walmcsiey, Dulemberl, I’ ri- 
si, Lagrange, l^indcn^ and I>aplacc. Simpson, in his tmets, 
directed his attention to the theory of the moon. He 
sliowcd that tlie effects of such forces us arc proportional 
to the cosine of an arc 2 , are explicable by means of the 
cosines of that arc and of its multiples; and thus deter¬ 
mined a Ncry important point: lor, since it hence appears, 
that no terms enter into the cipiation of the moon's orbit, 
but uiiut bv a re^^ular incrense and decrease do, after a 
ctTluiii Umo, rdurii to lh< ir lorinoi'>altics; it is tlit*rcforc 
evident that the mean inulion, ami the greatest qiianlilin 
of the several e(|uations, receive no change from gravity. 
Krisi, in his Cosniographio, applied n similar mode of rca* 
soiling to the variations in the oblKpiily of the ecliptic; 
which he thus showed to be confined within certain limits. 
Laplace wa^ conducted farther: in the general inoyemcnt 
of a-system of bodies, such as is actually excmplifted in 
nature, every thing is in motion; not only every hotly, 
but the plane or position of every orbit. The mutual ac¬ 
tions irf the planets change the positions of the planes in 
which they revolve; being perpetually made to depart by 
a small tpiaiitity, from side to side, each from that plane 
in which It would go on continually, if their mutual ac¬ 
tions were to cease. I'he calculus of Laplace, in the first 
buck of his Mecanique Celeste, shows that the inclinations 
of these orbits, in the planetary system, are stable, or that 
the planes of the orbits oscillate a little, to and fro, on each 
side of a fixed and immoveable plane. This plane is shown 
to be one, on which. If every one of the Ivodics of the sy¬ 
stem he projected by a perpendicular let fall upon it, and 
if the mass of oach body be multiplied into the area de¬ 
scribed in a given time by its projection on the said plane, 
the sum of all these products shall be a maximum. 

Ihe ceicbi'atcd problem of the three bodies, engaged in 
succession the attention of many eminent philosophers, 
The pioblem is this: Having ^ven the iiuuks of three bo¬ 
dies, proji-cteil from three points given fl^position, with 
velnciiirs given in their quantity and direction; and sup¬ 
posing tlic bodies to gravitate to one another, with forces 
that are as their maises directly, and the squares of their 
distances inversely; to find the lines dcsciibcd by those 
bodies, and their |>o8iii6n at any given instant. Or, the 
prolih m may be l endered universal, by assuming any num¬ 
ber of Imdies atjove three. To resolve the problem gene¬ 
rally, according to either of these enunciuiions, exceeds 
the powers even of the most refined analysis: but, under 
the conditions presented by nature, much has been done 
by Clairaut, Dalembcrt, Luter, and others. Clairaut was 


the first who deduced, from his solution of the problem,a 
compb tc set of lunar tabU-s, far more accurate than any 
former ones. Their accuracy, however, was exceeded by 
another set produced by Tobias Mnycr ol Gottingen, and 
finiixled 4in a comparison of Luler's -olution with correct 
ol)servaltons. The problem of finding the longitude at sen, 
which was now understood to depend so much on the ex¬ 
actness with which the nio«.n*9 place could be computed, 
gave much ailditional T.Tbie to these researches, and esta¬ 
blished a very close connexion between the conclusions of 
theory and the art of navigation. Maser’s tables were re¬ 
warded by the Hoard of I^oiigitude in England; and Eu¬ 
ler's, ill the suggestion of Turgot, by the Board of Longi¬ 
tude in France. 

'I bus the lunar theory was brought to a high degree of 
accuracy; the tables constructed by means of it giving the 
inmm’s place true to I a minute. Yel there remained still 
one inequality in the moon’s motion, f(»r which the prln- 
ciplc.s of gravitation seemed to afford no account; this was 
what is known by the name of the moon's acceleration. 
V'arioiis attempt-* vvere made to explain that phenomenon 
by Halley, and others: it was at last satisfactorily eluci¬ 
dated by Laplace, who thus gave the finishing touch to tlie 
theory of the moon, nearly a century after it had been pro¬ 
pounded in the first edition of the Priucipia. Sec Acce- 
LF.BATiox qf the Moon. 

Thill branch of the theory of disturbing forces which re¬ 
lates to the action of the primary planets on one nnother, 
was successfully cultivated between 1740 and 1780. In 
the course of these researches, the change in the obliquity 
of the ecliptic came first to be perfectly recognized, and 
ascribed to the action of the planets, on the earth. Eulpr 
proved, independently of Frisi, that the change in this oWi- 
quity is periodical; that it is nut a constant diminution, 
but a slow ond small oscillation, never exceeding 2^ alto¬ 
gether on both sides of a mean quantity, by which it al¬ 
ternately increases and diminishes in the course of periods, 
which arc not all of the same length, but by which, in the 
course of ages, a compensation ultimately takes place. 

Lagrange, struck with the circumstance that the calcu¬ 
lus had never given any inequalities but such ns were pe¬ 
riodical, applied himself to the invwtigation of n general 
question, from which he found, by a method peculiar to 
himself, r.nd independent of any appro.simation, that the 
inequalities produced by the mutual action of the planets, 
must in effect be ail periodical; that such changi'-s are con¬ 
fined within narrow limits; that none of the planets ever 
has been, nor ever can be a comet, moving in n very ex- 
centric orbit; but that the planetary system oscillates as 
it were round a medium state, from which it never deviates, 
for: that amid all the channes which arise from the mu¬ 
tual actions of the planets, two things remain perpetually 
the same, viz, the length of the greater axis of the ellipse 
‘described by the planet, and its periodical time ronnt) the 
sun; or, which is the same thing, the moan dritanch (»f 
each.planet from the sun, and its mean motion, both re¬ 
main constant. The plane of the orbit varies, the species 
of the ellipse and its cxccntriciiy change, but never, by any 
means whatever', the greater axis of the ellipse, or the lime 
of the entire revolution oF the planet. The discovery oi 
this great principle, which may be considered as the bul¬ 
wark that secures the stability of our system, and excludes 
all access to confusion and disorder, must render the mune 
of Lagrange for ever ihcmorable in science, and ever re¬ 
vered by those who delight in the coiitcmplaliun of what- 



AST 


AST 


C 

evor i? excellent and sublime. After Newton’s discovery 
ot the elliptic orbits of the planets from gravitation, La* 
grange's discovery of their periodical inequalities, is doubt- 
k-ss the noblest truth in physical astronomy; and, in re* 
sped of the doctrine of hnal causes, it may be regarded 
as the greatest of all. 

Nearly allied to this truth, is the following theorem, re* 
suiting from one of Laplace's investigations: If the moss 
of each planet be multiplied into the squaie of the exceo* 
tricity of its orbit, and this product into the square root of 
the axis of the same orbit, the sum of all these quantities, 
when added together, will remain for ever the same: this 
sum is of a constant magnitude, which the mutual action 
of the planets cannot change. Hence, no one of the ex* 
centricities can ever iucrease to a greater magnitude : for, 
us the mass of each planet is given, as well us the axis of 
its orbit, the square of the c.NCenfricMy in each is multi¬ 
plied into a given coclTicient, and the sum of all the pro¬ 
ducts so formed is incapable of change. Hence, therefore, 
we have another general property, indicating tlie stability 
of our system within narrow liijiits. Yet it does not fol¬ 
low that this permanency is necessary and unavoidable, 
under every possible constitution of the planetary orbits : 
for, if the planets did not all move the same way; if their 
orbits were not all nearly circular; if their cxcentriciiics 
were not small; or if the law of planetary deflection 
were ditferent; llic permanency of the preceding quantity 
could not obtain. Such permanency depends ou con¬ 
ditions which are not necessary io themselves, and is 
therefore an ai^uiucnt of design in the construction of the 
uui verse. 

The subject of the tides had its true theory sketched by 
Newton, but was not completed till long after his time. 
The state of neither mechanical nor mathciuatical science 
was such in his time as would enable any oni; to determine 
the motions <if a fluid, acted on by three gravitations, and 
having besides a rotatory motion, 'i he dissertations of 
D. Bernoulli, Luler, und Maclaurin, which shared the 
prize with that of P. Cavallcri on tiu* principle of vortices, 
were excellent: but the lirst iimu who li-ll himself ia pos- 
bt^sioii of all the principles required in tliisurduousiiives- 
ligation, was Laplace, who, in the years 1775, 1779, and 
i7S0f communicated to the Academy of Sciences a scries 
of memoirs on this subject, which he lias united and cx- 
teuded in the 4ih book of the Mocaiiiquc Colt^te. See 
Tides; as also Etliub. Review, N’22.—The precession of 
the equinoxes is another interesting subject, to which ibe 

nHentionofFri8i,\Valmesley,Simpson,Dalcmbert,Landen, 

Alilnrr, M. Young, and Robertaon, have been Rucci*ssively 
directed.—See the articles. Comets, Kclipses, GnAVi- 
TAT.IOK, Moon, Planets, Satellites, Sun, Solar 
System, Tides, aud the several planets Meucuk-y, Ve¬ 
nus, &C, he. 

On the Solar System. 

The most conspicuous of all the celestial bodies is the 
sun, that magnifleent luminary occupying the centre of the 
system which comprehends our earth, with a variety of. 
other primary and secondary planets, und a still greater 
number of comets—The sun is a body nearly spherical, 
wht«e diameter is about 883,250 English miles, nearly 4 
times the distance of ihe moon from the earth. Situated 
nearly at the centre of the of the planets, it exerts 

on thqm all a remarkable influence: it heau them, it cn- 
ligliteiis ihein, and cnchuimibem iu their elliptical orbits, 
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by virtue of a force varying inversely as the squares of the 
distances, and directly as ihe masses. 

The sun agrees with the fixed stars in the property ol 
emitting light coniinuully, and in retaining constuinly its 
relative situation, v\itli \ery liiile variation: it is probabh 
also that these bodies liave many other properties iii C' ni- 
mon. The sun is iherclorc considered as a li.xed star com- 
parativcly near us: and from ihe same analogy it is in- 
lerred that the stars arc possis^ed of gravitation, and of tlic 
other general properties of inaUer; they are siqiposcd to 
emit heat as well as liglit; and it has wiiii reason been 
conjectured, that they serve to cherish llie inliabitants ol a 
multitude of planetary bodies revolving abuul liiem. 

The sun, like many other stars, lia> probably a |)rogr< s- 
sivc motion, which, from a comparison of the app-irent iie- 
lions of a great number of the stars, is suppustrl to be di¬ 
rected towards the constellation Hercules. It In beyoixl 
all question that many of the stai's have motions peculiar 
to themselves, and it is not certain that any of them aie 
without such motions: it is therefore highly probable that 
the sun may have such motion ; and indeed Dr. Herscliel 
has confirmed this conjecture by arguments that are al¬ 
most demonstrative. 

Besides liiis progressive motion, tlic sun is subject to a 
small change of place, dependent on the si(uati<jiis of the 
planetary bodies; which was long inferred from theory 
only, but which has been actually demonstrated by mo¬ 
dern observations. Supposing all the planets to be in con¬ 
junction, or nearly in liie same direction Iroin the sun, the 
common centre of inertia of the system is then at the di¬ 
stance of about a diameter of the suu from his ceiiln-, or 
half a diameter without his surface: and since the centre 
of inertia of the whole system must be undisturbed by any 
reciprocal actions of the bodies composing it, the sun must 
describe an irregular orbit round this centiv, his gteutesL 
distance from it being equal to his own diameter. 

The sun revolves on his axis iu 25 days 10 hours, with 
respect (u the fixed stars; this axis is directed towards a 
point about half way betweeu the pole-star and Lyra, 
the plane of the rotation being iuclined a little more tbau 
7 degrees to (he plane of the ecliptic. The direction of 
this motion is from west to cast; and all the rotations of 
the different bodies which compose the solar syslcni, as far 
as they have been ascertained, arc intlic same direction. 

The time and direction of the sun’s rotation is asc<‘r- 
tainod by the change in the situation of the spots, which 
arc often visible on his disc; and which some astronomers 
suppose to be clctrations, but others, apparently will) bet¬ 
ter reason, to be excavations or defleiencies iu the lumi¬ 
nous matter covering the sun’s surface. Tbcsi’ points arc 
often observed to appear and disappear, and they are in the 
mean time liable to great variations; but they are gem- 
rally found about the middle parts of the sun’s surl'ace. 
Lalandc imagined that they were paru of the solid body 
of the sun, which by spmc agitations of the luminous ocean, 
with which be conceived tlic sun to be surroundedj are left 
nrarly or entirely bare. Dr. Wilson and Dr. Hcischel are 
disposed to consider this ocean as consisting ruUier of a 
flame, than of a liquid substance; and Dr. Horschel attri¬ 
butes Uie spots to the emission of an aeriform fluid, not 
yet in comhi/slion, which displaces the general luminous 
atmosphere, and which is afterward to serve as fuol tor 
supporting the process: hence he supposes the appeurance 
of copious spots to be indicative of the approach of warm 
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•canons nil the siirfHCc of tin* timli, nii«l hi* has attempted 
to inamtain this t.pmioii by historical eviiUncc. Whatever 
Ik* the cause of lhe«c spots, liy their often continuing du¬ 
ring the whole time ol the rotation, they have given oc- 
rasion, by observations, lo determine the duration of lliat 
period, as above mentioned. 

The planetary system comprises at least 30 bodies, 
without including counts. Among these 30 bodies, the 
sun IS the only one whuh is really phosphoric, or that 
shines with a lustre which i', (impcrly speaking, its own. 
All the others are opake ; that is, they intercept the lunii* 
nous fluid, and are only visible by the reflected light. 

11 of these bear tlie name of primary planets; the other 
Its are known under lliat of satellites or secondary planets. 

The planets perform their revolutions about the sun in 
elliptical curves, differing but little from circles, and of 
which the centre of the sun (or rather the common centre 
of inertia of the whole system) occu|»ies one of the foci. 
Commencing with that which is nearest the sun, they have 
the following disposition: Mercury, Venus, Terra or the 
Earth, Mars, Ceres or I’lazzi, I’allas or Olbers', Juno or 
Harding, Vesta or Olbers ^ Jupiter, Saturn, and Uranus or 
llerschel. See plate 31. 

Each of the planetary orbits is in a plane which passes 
thr;>ugh the sun's crlitre. The earth’s orbit is named the 
cciipiic; which is conceived as indefinitely prolonged on 
all sides; and astronomers observe the situations of the 
planes of the other orbits by referring them to this. 

All the planets move in tlicir orbits from west lo east, 
perform their revolutions each in equal limes, and in an 
orbit always at the same mean distance from the sun. The 
velocities in their orbits arc variable, being quicker in the 
parts nearer the sun, and proportionally slower when far¬ 
ther off, in such sort that equal areas arc described by the 
radius vector, or line connecting the sun and the planet in 
Its motion. 

Mercury and Venus are nearer the sun than the earth is; 
on which account they are called inferior or interior 
planets. Those which arc further from the sun than the 
eartli, arc called superior or exterior planets. 

The inferior plaiicU can never be in opposition to the 
sun (see Oi’Vosnioy); but they will be found twice in 
conjunction with that luniiuary during the course of their 
sidereal revolution: first, wliaii they come between the 
sun and the earth, making the inferior conjunction; and 
ligain, when the sun is between the planet and the earth, 
making the superior conjunction. See Conjunction. 

'I'lic inferior planets present different phases, when they 
nro viewed with telescopes: those appearances are more 
perceptible for Venus than for Mercury, and they dejiend 
on the proper motion of those planets. If this motion be 
combined with that of the earth in its orbit, which is ef¬ 
fected more slowly by reason of its greater distance from 
the sun, new appearances Will arise, such as the direct mo¬ 
tion of tliosc planets in the inferior conjunction, and (heir 
ictrngrtMlc motion in the superior conjunction. Sec Rb- 

TBOOBADE. 

The orbits of the superior planets arfi above or include 
that of the earth; at the same time (hat the velocity of 
the earth is greater than those of the superior planets, 
lienee it results that the earth, in its motion, passes be¬ 
tween these planets and the sun ; which causes them to 
appear in opposition lo that lumiiiaiy. In the opposition 
they have a nioliun apparently retrograde; but it is direct 
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m the conjiiiirtioo, as iliai of Venus and Mercury is in their 
superior conjunctions. * 

Some of ilic planets, as the Earth, Jupiter, Saturn, and 
Urami", have satellites or moons, which revolve round those 
primaries, as thi*se «io about the sun. Thus, the earth has 
I moon or satellite, Jupiter 4, Saturn?,and Uranus6. See 
Moos and S.sTr.LMTts. 

With respect to these salcUilcs or secondary planets, the 
following remarkable circumstance takes place. Our moon, 
with the + satellites of Jupiter,and 1 of Saturn’s, are found 
by observation to turn about an axis, in the same time as 
they respectively revolve about their primaries. And though 
it has not yet been ascertained from observations whether 
the same be true for the other satellites of Saturn, and 
those of Uranus; yet, from the uniformity which obviously 
pervade the system, it is concluded that thfsame is true 
for all the secondaries. 

The planet Saturn is encompassed with a thin flat ring, 
or, as It is now found, with two rings, lying one within the 
other edgewise towards the planet, and detached from it, 
liaving their planes passing through the centre of Saturn, 

1 f a circular annulus be cut out of a card, and divided into 
two parts by a concentric circle, leaving the inner breadth 
about 3 limes that of the outer; and a ball be then put 
within, of such a size, that the space between the ball and 
the annulus may be a little larger than the bnwllli of the 
annulus, a representation will thus be obtained of Saturn 
and his two rings. That side next the sun is bright, like 
the body of the planet. The rings revolve in their own 
plane; and, not being of a regular figure, their centre of 
inertia isatasmall distance from the centre of Saturn. M. 
Laplace computed the lime of their rotation to be 1 O'* 33" 
36*; nearly agreeing with the time found by Dr. Ilcrs- 
chel from observation. 

If the mean distances, cither of the planets or of their 
satellites, be compared with the duration of their sidereal 
revolutions, it will be easy to trace the beautiful relation 
discovered by Kepler; namely, that while several bodies 
turn about the same point, the squares of the periodical 
times are respectively as the cubes of tlfeir mean distances 
from that point: and, by combining this law with the theory 
of Huygens, viz, that when the squares of the periodical 
times, of several bodies circulating about the same point, 
arc respectively as the cubes of the distances from that 
point, the central forces which animate them, are in the 
inverse ratio of the squares of thesamedistanccs; it will be 
easy to discover the law of gravitation; and, as it were, lo 
unveil the mechanism of the planetary system. 

The following tables exhibit a brief view of thesolar^ys- 
tem, according to the' latest and correct account. 

1. Duralion qf tht Sidereal RetolxUiont q/” the Planets, or q/" 

their Periodic Times. 

Mercury . 87’969255 days, 

Venus 224-700817 

The Earth - - - 365*256384 

Mars. 686*979579 

• Ceres, or Piazzi . . - - 1680*000000, 
Pallas, or Gibers* - - - - 1681 000000 

Juno, or Harding - - - * 2007*300000 

Ditto, by Burckhardt - - • 1582*000000 

Vesta, or Olbcrs* 

Jupiter.■ 4332*602208 

Saturn. 1075>0772J3 

Uranus, or Hcrsebel - - - 30689'000000 
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II. Greater Seniiaxes of the Planetary OrbUst or their Mean 
Distances from the Sun, that of the Earth {which is about 
95 millions of miles) being denoted by unity. 

Mercury - -- -- -- - 0'387100 

Venus.07^J3332 

The £arth I'OOOOOO 

Mars.I-5236'93 

Ceres - -- - - -- -- 2‘776'755 

Pallas. 2-776'909 . 

Juno - - 2-87()731 

Ditto, by Burckhardi - - - - 2 657000 

Jupiter - -- -- -- - 5-202778 

Saturn - . 9'5387S5 

Uranus - -- -- -- - 19'183475 

HI. Relations of Excentricity to the Greater Semiaxis 1. 


Mercury 

(for 1750) 

- - 0-205513 

Venus 

ditto 

- - 0-006885 

The Earlh • 

ditto 

- - 0-016814 

Mars 

ditto 

• - 0093088 

Ceres 

(for 1805) 

- - 0-790000 

Pallas 

ditto 

- • 0-246300 

Juno 

ditto 

- - 0-250000 

Jupiter 

(for 1750) 

- - 0-048077 

Saturn 

ditto 

- • 0-0^223 

Uranus 

ditto 

- - 0-046683 


IV. Inclination of Or5i/i to the Ecliptic. 


Mercury 

• 

(for 1750) 

- - - 7-0000 

Venus 

- 

ditto 

- - - 3-3930 

The Earth 

• 

ditto 

- - - 00000 

Mars 

• 

ditto 

- - - 1-8501 

Ceres 

* 

(for 1805) 

- - - 10-6167 

Pallas 

* 

ditto 

- - - 33 7500 

Juno 

• 

ditto 

- - - 21-0000 

Jupiter 

- 

(for 1750) 

- - - 1-3172 

Saturn 

4. 

ditto 

- - - 2-4986 

Uranus 

• 

ditto 

- - - 0-7706 


V. Diameters qf the Planets, that of the Earth (7914 Eng^ 
lith miles) being assumed us Unify. 


Mercury - - - 
Vcuus - • - \ - 
The Eafth - - 
Man - . - - 

Ceres - - - - 

Pallas- - - - - 

Juno - - - . 
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Jupiter 
Saturn - ' 

His Ring • 

Uranus - - 
The Moon - 
The Sun - - - 112/i 
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VI. RotatioTU of the Planets. 

d h 


m 


Mercury - - 

- • - unknown 

Venus - - 

- • - 0 23 20 

The Earth - - 

- - 0 23 56tV 

The Mood • - 

- - - 27 7 43^ 

Mars - - 

- - - 0 24 40 

Jupiter - - 

- - - 0 9 56 

Saturn - - 

- - - 0 10 17 

Uranus - - 

• - - ninkiiown 

The Sun - - 

- - - 25 10 0 


The masses of the planets have bccn.found from princi¬ 
ples as follow: The forces that urge two bodies, moving 
circularly, are in a ratio composed of the masses, the dis¬ 
tances from the centre, and the inverse square of the pe¬ 
riodic times (see Central Forces): whence it results, 
t^at the gravity of one of the satellites towards its planet, 
IS to that of the earth towards the sun, as the mean dis¬ 
tance of the satellite from the centre qf its planet, divided 
by the square of its periodic rime, is to the mean dislance 


of the earth from the suii, divided by the snuan- cl its pe¬ 
riodic time : or, expressing thise gravitating tendencies by 
o,^, the mean distances by 11 , r, the periodic tunes byr.r, 

it is o - g ■ ^ Rut, <1( noting by m the mass of the 

sun, and by m, liiat of the planet about which the satellite 

revolves, by the nature of gras nation it is o : ^ : ; —, : — ; 
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therefore^ • p * • con^cquenlly - r : 

By applying this result to the planets uliich have satel¬ 
lites, it is easy to find the ^aluc of their masses; for, we 
know the radii of the orbits of the satellites, as well as the 
length of their sidereal revolutions, or their pcriudic times* 
Therefore, taking (he cubes of the radii of these orbits, 
and dividing them successively by the squares of the pen(»- 
die times, the quotieius will give the values of the masses 
of the bodies, about which the satellites revolve* 

As to the planets which have not satellites, Lnplacc has 
deduced the values of the masses of Venus and Mars, from 
the seculardiminution of the obliquity of the ecliptic, and 
the acceleration of the moon’s mean motion. The masj> uf 
llcrcury w*a$ inferred from its volume, supposing the den¬ 
sities of that planet and the earth reciprocally as tticir 
mean distances from the sun* Mecanique Celestes tom.S, 
p* 64*. Exposition du Systemo du Monde, ed. 2,p. 193* 
Thus was deduced the following table. 

VII. Masses of the PlanetSy that of the Sun heing taken for 

Vniij/. 


Mercury 
Venus • 
The Earth 
Mars 
Jupiter 
Saturn - 
Uranus • 
The Moon 


I 

\ 

I 

1 

lh4ti)S2 

I 

1067 

t 

3aS9 

I 

I9S04 

1 


97S7ti970 

The densities of bodies being in the direct ratio of their 
masses, and the inverse ratio of the volumes; and in bodies 
nearly spherical, the volumes being as the cubes pf their 
radii; it results that the densities are then as (he masses 
divided by the cubes of the radii* By this process the fol¬ 
lowing numbers are fotiod for the mean densities of the 
planets, that of the sun being assumed as unity; viz, 

Mercury - • • 

Venus - - - 

The Earth - 
Mars . w • ^ 

Jupiter w. •> 

Saturn • ** • 

Uranus - • . 

The Moon - - 

The Sun * * 

^Vhcre the first column of numbers denotes the propor¬ 
tion of the densities of (be planets to the sun considered ns 

unity. Then multiplying these by 1*2692 = 


to-the nil) 1. 

to water (* 

- 10-1743 

- . . 12*912 

- 5-0446 

- - - 6-402 

‘ 3-9393 

“ - - 5000 

2-6734 

- - - 3-393 

0-8601 

- - - 1-092 

0-4951 

- - - 0-628 

0-1376 

- . . 0-174 

2-4656 

- * - 3*129 

1-0000 

. - - 1-269 




we 
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obtain the last column of numbers, denoting the densities 
ut ibe planet-, in rc'pcctof that of water 1. Sw myTracts, 
'^ ■1. 2, p. 64, 66. 

BesiiUs till' bodies, wliich revolve completely round the 
sun, wnliin llie limil-s of our observation, there arc others, 
of which we only conclude from analogy that they perform 
such n volulionb. These arc the comets ; they generally 
appear alteniled by a nebulous light, either surrounding 
tlii'in iw a coma, or stretched out to a considerable length 
as a tail ; and they sometimes seem to consist of such light 
only. Tin ir orbits arc so exccntric, that in their remolei 
situations the comets are no longer visible to us, though at 
otlmr times they approach much nearer to the sun than 
any of the planets ; for the cornel of l680, when at its 
perihelion, was at the distance of only ^ of the sun’s dia- 
nu'tcr from his surface. 'I'heir tail* are often of great ex¬ 
tent, appearing as a faint light, directed always nearly op¬ 
posite to the sun. It is quite uncertain of what substance 
they consist; and it is diflicult to determine which of the 
conjectures concerning tliem islljc least improbable. For 
furllier particulars, see Comet. 

Li^ts and historical accounts of the principal writings 
and authors on astronomy arc contained in Weidlcr’s His¬ 
tory of A'liouomy, wliich is brought down to the year 
1737. There is also Bailly's c.xcellent History of astro¬ 
nomy, ancient aiul modern. For this purpose, consult 
also the following authors, viz, Adam, Vos.sius, Baylc, 
Chauffepie, Costard, Perraut, the chronological table of 
Riccioli, and that of bherburn, at the end of his edition of 
Maiiilius; also the first volume of Lalandc’s astronomy. 
The mure modern, and popular bookson clcinentary astro¬ 
nomy, arc very numerous, and well known: as those of 
Ferguson, Long, Emerson, Vince, Leadbctter, Brent, Kcil, 
Whiston, Wing, Street, Gregory, &c, &c. 

ASTROSCOPE, u kind uf astronomical instrument, 
composed of two cones, on the surface of which arc de¬ 
lineated the constcllatiuiis, with their stars, by means of 
which these may easily be known in the heavens. The 
astroscope was invented by William Shukhard, professor 
of mathematics at Tubingen, on which be published a 
treatise in 1C98. 

ASTROSCOPIA, the art of observing and examining 
the stars, by means of telescopes, and other instruments, to 
discover their nature and properties. 

A8TROTHEMATA, the placesor positions of the stnrs, 
ill an astrological scheme of the heavens. 

ASTROTH E8IA, is used by some for a constellation or 
culicciion of stars in the heavens, 

ASTRCM, or Astkov, a constellation, or assemblage 
of stars; in which sense it is distinguished from Aster, 
which denuU’s a single star. Some apply the term, in a 
more particular sense, to Sirius the Great Dog, or rather 
10 the large bright star in his mouth. 

ASYM.NIE rRY,the want of pr«q)ortion, otherwise call- 
c*l Incommensurability, or the relation of two quantities 
which have no common measure; as between 1 and ^2, 
or the side and diagonal of a square. 

ASY M PTOTE.ts properly a riglit linc,wbiclj approaches 
continually nearer and nvan-r to some curve, whose asym¬ 
ptote it is said to be, in such d manner, that when they are 
both indefinitely produced, they are nearer together than 
by any assignable finite distance; or it may be considered 
as a tangent to the curve, when conceived to be produced 
to an infinite distance. Two curves arc also said to be 
asymptotical, when they thus continually approach inde¬ 


finitely to a coincidence: thus, two parabolas, placed with 
tbeir axes in the same right line, arc asymptotes to each 
other. 

Of lines of the second kind, or curves of the first kind, 
viz. the conic sections, only the hyperbola has asymptotes, 
which nrc two in number. All curves of the second kind 
have at least one asymptote; but they may have three. 
Those of the third kind may have 4 asymptotes, those of 
the- fourth kind 5; and so on for every order of curves 
whatever; viz, that they have as many asymptotes as the 
equations expressing them have dimensions, and no more. 
The conchoid, cissoid, and logarithmic curve, though not 
reputed geometrical curves, have each one asymptote. 
And the branch or leg of a curve ^bat has an asymptote, 
is said to be of the hyperbolic kind. 

The nature of asymptotes will be easily conceived from 
the instance of that of the conchoid. Thus, if asc &c 
be part of a conchoid,and 
the line mn be so drawn, 
that the parts TB.GC, IID, 

IE, &c, of right lines, 
drawn from the pole p, 
to the curve nCD, be equal to each other; then will the 
line MH be the aymptotc of the curve: because the per¬ 
pendicular ceis shorter than to, and od than ce, dec; so 
that the two lines continually approach; yet the points ec 



&c can never coincide. 

Asymptotes 0/Me Hyperbola are thus dcscrilted. 
Suppose a right line de drawn to touch the curve in any 
point A, and equal to the conjugHlc de of the diameter 
ACn drawn to that point a, viz, ad or ab equal to the 
sciniconjugatc erf or cc; then the two lines cdf, ceh, 
drawn from the centre c> through the points d and B, arc 
the two asymptotes of the curve. 




The parts of any right line, lying between the curve of 
the common hyperbola and its osyinpiotcs, arc equal toone 
another on both sides, that is, go =s/(ii. In like manner, 
in hyperbolas of the second kind, if there be drawn any 
right line cutting both the curve and its three asymptotes 
in three points, the sum of tlic two parts of that right line 
extended in the same direction from any two of the asymp¬ 
totes to t\vo point* of the curve, is equal to the third part 
which extends in the contrary direction from the third 
asymptote to the third-point of the curve. 

If AOK be an hyperbola of any kind,whoso nature, with 
regard to the curve and asymptote, is expressed by this 
general equation x where ar b = CR, and 

y s FO drawn any where parallel to the other asymptote 
cii; and the parallelogram cpgi bo completed : Then 
m — n is to n, as this parallelogram CFOi is to the hyper¬ 
bolic space FGK, contained under the determinate line fo, 
with the asymptote fk and the curve 6K« both indefinitely 
continued towards k. ' So that, if m be greater than n, the 
said asymptotic space is finite and quadrable: but wheji 
msitt, as ID the common or conic hyperbola, then im — n 



A T L 


ATM 


[ 175 ] 


ss Of tbe ratio of that space to the said parallelogram, is 
as a to 0 : that is, tl>e hyperbolic space is infinitely great^ 
in respect of the finite para!letogram : and when tn is less 
than R, then, m — r being rK*gativ<-, thi* asymptotic space 
is to the determinate parallelugrain, as a positive number 
is to a negative one, and is what Dr« Wallis calls more 
than infinite. 

Asymptote of (he Logahitiimic Curve. If'Liijr 
be the logarithmic curve, qov an asymptote, lq and mp 
ordinates, MO a tangent, and Po tbe subtangent, which in 
this curve is a constant quantity. Then the indeterminate 
space LMKQ is equal to lq x po, the rectangle uniler the 
ordinate lq and the constant subtangent Po ; and the 
srdid generated by the rotation of that curve space about 
the asymptote nq, is equal to half the cylinder, whose al¬ 
titude is the said constant subtangent po, and the radius 
of its basi* is lq. 

Asymptotes, by some matbcmaticians,are distinguish¬ 
ed into vaiious orders. The asymptote is said to be of the 
first order, when it coincides with the base of the curvili^ 
near figure: of the order, when it is a right line pa¬ 
rallel to tbe base : of the 3d order, when it is a right line 
oblique to the • ol the 4th order, when it is the com* 
inon pai'abolu, having its axis perpendicular to the base: 
.'ind, in general, of the n -h 2 order, when it is a (larabola 
w hose ordinate is always as the n power of tbe base. The 
asymptote is oblique to the base, when the ratio of the 
first fiuxign of the ordinate to the fluxion of the base, ap¬ 
proaches loan assignable ratio, as its limit; but it is pa¬ 
rallel to the base, or coincides with it, when this limit is 
not assignable* 

The doctrine and determination of the asymptotes of 
curves, isacurious part of the higher geometry. Fontenelle 
has given several theorems relating to this subject, in his 
(Scometrie de I*Infini, Sec also Stirlings Linea Tertii Or^ 
diR/r, prop.vi, where tbe subject of asymptotes is learnedly 
treated ; and Cramer’s Introduction d r anatjfsc des lignes 
courbes, art. 14? ^7* for un cHCcllent theory of asym¬ 

ptotes of geometrical curves and their branches. Likewise 
Maclaurin’s Algebra and his Fluxions, book i, chap. 10, 
where he has carefully avoided the modem paradoxes con¬ 
cerning infinites and infinitesimals. But tbe easiest way of 
determining asymptotes, it seems, is by considering them as 
tangents to the cuncs at an infinite distance from the be¬ 
ginning of the absciss; that is^whenthcabscissxisinfinitein 
the equation of the curve, and in the proportion of ^ toy, 
or in chat of the subtungeot to the ordinate. 

The areas bounded by curves and their asymptotes, 
though indefinitely extended, hai4 sometimes limits to 
which they may approach indefinitely near: and this hap¬ 
pens in hyperbolas of all kinds, except the first or Apollo¬ 
nian, and in the logariihinic curve; a$ was observed above. 
But in the common hyperbola, and many other curves, 
the asymptotical area lias no such limit, but is infinitely 
great.-—Snlids, too, generated by hyperbolic areas, re¬ 
volving about their asymptotes, have sometimes their li-* 
mits; and sometimes they may be produced till they ex¬ 
ceed any given solid.—Al^ tbe surface of such solid, when 
supposed to be infinitely produced, is either finite or infi¬ 
nite, according as the area of the generating figure is finite 
or infinite. 

A'rLANTIDES, a name given to the Pleiades, or seven 
stars, sometimi^ also called Vergiliie. They were thus 
called, as being supposed by the poets to have been the 


daughters either of Atlas or his brother Hesperus, who 
were translated to heaven. 

ATMOSPHEHF, is that invisible elastic fluid which 
surrounds the earth to an unknown height, and partakes 
of all its motions.—It received its name from the Greeks, 
in consequence of the vapoui's which are continually mix¬ 
ing with it. 

Neither the properties nor the composition of the at¬ 
mosphere seem to have occupied much oi the attention of 
the ancients. Aristotle considercii it as oi^ of the four 
elements, situated between the regions of water and tiro, 
and mingled with two exhalations, the dry and tiie moist; 
tbe former of which he considered the cause of rliunder, 
lightning, and wind; while the second produced rdin, hail, 
and snow. The ancients in general seemed to have con¬ 
sidered the blue colour of the sky as essenriai to the at¬ 
mosphere ; and several of their philosophers believed that 
air WHS the constituent principle of other bodies, or ut least 
that air and other bodies are mutually convertible into 
each other. Rut these opinions floated tnercly in a $ta!e 
of vague conjecture, till the matter was explained by the 
sagacity of Hales, and of those philosophers who followed 
tbe cancer that he hud opened to them. 

It was not till the time of Lord Bacon, who first taught 
mankind to investigate natural jihenomena correctly, that 
ibc nature of the atmosphere begun to be elucidated with 
precision. Galileo introduced tl>c study, by showing thut 
the air had heaviness, a point which was soon after iii- 
vcsiigatrd completely by bis pupilTuiTicelli, Pascal, v^c. 
Many other of its meclianicul |)r(>perti(s were aftei wards 
discovered by Boyle, Mariotir, Hooke, Newton, DiTham, 
&c; but as clie^e belong to the subject of Pneiiinutics, a 
more particular tnciuitm of them shall be made in the ar¬ 
ticles whicii they respectively constitute. 

The opinions of the ancient chemists, concerning the 
component parlsof the atmosphere, are too vague to merit 
any particular notice. Roylc however, uml his contem¬ 
poraries, put it beyond doubt, that the atm(»sphcre con¬ 
tained two distinct substances, vi2, an elastic fluid distin¬ 
guished by the name of air; and water in the state of va¬ 
pour. Besides these two bodies, it was supposed also iluu 
the atmosphere contained a great variety of other sub¬ 
stances, which were continually mixing with it, from the 
earth, and which often aitvred its propertirs, and nmdered 
it noxious or fatal. Since the discovery however of car¬ 
bonic acid gad, by Dr. Black, it has been ascertained that 
this elastic fluid always constitutes a part of the atmo¬ 
sphere. The constituent parts of the atmosphere, there¬ 
fore, are,— 1. air; 2. water; 3. carbonic acid gus; 4. un¬ 
known bodies. 

That part of the composition of the atmosph^e called 
air, has not till very lately been perfectly recognised: k 
seems to have been used at first to denote the atmosphere 
in general, and was considered for many ages merely os a 
simple, hojnogencx>us, and elementary fluid; but pliiloso* 
phe^s afterwards restricted it to the clastic fluid which con¬ 
stitutes the greatest and most important part of the atmo¬ 
sphere, excluding water and other foreign bodies, which 
are occasionally found mixed with it. For many years, 
all permanently clastic fluids were considcn*d as air, from 
whatever combinations they were extricated, and supposed 
to possess exactly the same properties as the air of the at¬ 
mosphere; and it was not till the discoveries of Cavendish 
and Priestley had determined the peculiar properties of a 
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vuH ty cla^l.c tlubl^. ii..tt |,Uil‘av>j)hi.*rs b«amc sei'Mblf 
dial llinv fxi^i.d v,.uou^ ^iK-ciool lUcm. In cousequonce 
of tins di,cjvn). tl.c word air became gcm-ric. and was 
aopliod b> I'msiby. and iho British and Swedish phUo- 
>yi>hcr> in gcm-ral, lo all purinancnily elastic fluids; wliilc 
the air ol the atmosphere was distinguished by the epithets 
uf common or atmospheric air; but Macquci thought pro¬ 
per to apply the term gas to oil permauentlj elastic fluids 
exci*i)l conimoii or atiuobphcric hit, and lu confiiio the 
term air to this last fluid, an acceptahon of ilic \\ord which 
is now univcTAiilly udoj)U'd by all philuso|)hcrs: the word 
air iheruforc i\ovv drnutes common or atmospheric air, and 
all other pcrinancnily ohisiic fluids arc dcnominutcd gases. 

For the knowledge of die component parts of air, we are 
indebted to the labours of those philosophers in whose 
hands chemistry advanced with such rapidity, during the 
last 40 years of the 18th century. 'Flic first step was made 
by Dr, Frieslley in 1774. by the discovery of oxygen gas. 
This gas, according to the prevailing notions of the tune, 
he considered as air totally deprivcil of phUigiston. I Icncc 
be considered common air as oxygen gas combined with an 
indefinite p(»rtion of phlogiston, vaiyiiig in purity accord¬ 
ing to that portion; being also the purer the smaller the 
(puintity ol iiliiogislon it contained. Scheele aUo analysed 
the air, and found, from a process distinct troiii Frieslley, 
that it was composed of two <litTerenl clastic fluids, siiidlar 
to those discovered by Priestley : the oxygen gas of Priest* 
ley he called empyreal air, and azotic gas he denominated 
foul air. Lavoisier was also conducted to the same con* 
elusion by another difTerent process; and thus was aimo* 
spheric air confirmed to be a compound of oxygen and 
azotic gas. 

This point being established, it next became a question 
of considerable consequence to determine the proportion 
of these two ingredients in any given bulk of air, and to 
ascertain wlictlicr that propoition is in every case the same: 
accordingly the most ciiniient philos(jphers engaged them- 
ielvcs in this determination. Mr. Casendish, by improving 
the eudiometer employed by Priestley and Fontana, was 
enabled to ascertain correctly (lie constituents of air (See 
Eudiom ETca): he found that, by mixing logetluT oxygen 
gas and azote in various proptirlions, he should at last be 
able to delormiiie the absolute quantity of oxygen in air: 
for since azotic gas, one of the component parts of that 
fluid, cannot be separated by any substance with which 
chemists are acquainted; the analysis of air can only be 
attempted by exposing it to the action of tliose bodies 
which have the property of absorbing its oxygen. By ihcso 
bodies, the oxygen gas is separated, and the ii/otc left bc- 
hfnd, and the proportion of oxygen may be ascertained by 
the diminution of bulk; which being once known, it is easy 
to ascertain the proportion of azotic gas, and thus to deter* 
mine the relative quantity of the component parts of air. 
Therefore, to find the absolute quantity of oxygen in uir, 
he mixed together oxygi n gas and azote in various pro* 
portions, and ut Iasi found that u mixture of 5 pioasurcxof 
the purest oxygen which ho could procure, with 1<)'tuea- 
sures of a/oie, was just us much dimimshed by nitrons gas, 
as the same bulk of atmospheric air. llvncc he concluded 
that air is compti^ed of 5 parts of oxygen and 19 of azole, 
of every 24 measures of atmospheric air; which givi*s fur 
its Composition percent. 79*lb'azole, and 20 84of oxygen; 
or very nearly 21 per cent, of oxygen gas. The trials made 
by ulhers, to discover the true quantity of oxygen in alr> 


have all ended in the same result as that obuiiied by Mr. 
Cavendish, whenever the experiment was made with pre- 
ci>ion. They all indicate that common mt consists very 
nearly of 21 parU of oxygen, and 79 uf azote ; and prove 
that 111 whatever place or altiiude, above the surface of the 
earth, the cxpcrim< nl is made, the same proportion of its 
consiituents is always manift'sted, let the stale of the at* 
moipliere be what it may. Gay Lussac examined air 
brought from an altitude of 6000 feet in a balloon, and 
found its constituents precisely the same as the air at the 
eartl/s surface. 

*rhc next ingredient in the composition of the atmo* 
sphere, which claims our particular notice, is water j for 
since it is now fully confirmed that the atmosphere always 
contains some portion of this fluid, it deserves lo be explain¬ 
ed in what stale this comparatively heavier fluid exists in 
the uir, and the quantity which a given bulk of the atmo¬ 
sphere c<intaitis precisely, it possible, made known. With 
respect to the state in which water exists in air, two opi- 
nions have been formed, each of which has been supported 
by the most eminent philosophers. 1. Water may be dis¬ 
solved in air in the same manner as a salt is held in solution 
by water. Q. It may be mixed with air in ll\c state of steam 
or vapour, after having been converted into vapour. The 
first of these opinions was hinted at by Dr. llooke, in his 
Micographia, and afterwards proposed by Dr. Halley; but 
it was much more developed by M. Lc Roy, of Montpelier, 
in 1751. Dr. Hamilton of Dublin also made known ibe 
same discoveries about the some time. The phenomena 
in general coincide reraaikably well with this theory. The 
quantity of water which air is capable of holding in solu¬ 
tion, is increased by every augmentation of temperature, 
and diminished by cold, which is precisely analogous to 
almost all other solvents. These analogies, and several 
others which will easily suggest themselves to the reader, 
have induced by far the greater number of philosophers to 
adopt this opinion. 

The second theory, namely that water exists in a slate of 
vapour, is strongly confirmed by the experiments of Saus- 
sure, and the reasoning of Dr. Black: but it is to Mr. Dal¬ 
ton that we arc indebted for the most precise information 
on this subject, and the perfect establishment of its rea¬ 
lity^ Ho demonstrated that the water existing in air pos¬ 
sesses precisely the same degree of elasticity that it does 
when in the state of vapour, in a vacuum, at the same tem¬ 
perature; from which it follows irresistibly that it exists 
in air not in the slate of water, but of an elastic fluid or 
vapour. ' 

The first who attained any thing like piccision, in at¬ 
tempting to measure the quantity of water in the atmo¬ 
sphere, was Saiissure. This ingenious philosopher has 
shown in his Hygromctrical Essays, that an English cubjc 
' foot of uir, when saturated with water, ut the-teniperature 
of 66®, contains only about 8 grains troy of that liquid, or 
.about ^’•yll) ofitsweight. But the experiments of Mr. Dal¬ 
ton were susceptible of far greater precision, and reflect 
much credit on his talents as a philosopher. His results arq 
th^.sc:— 1. That the quantity of vapour in the atmosphere 
variable. 2. That in the torrid zone its force of elasticity 
varies from 0'6 loonc inch of mercury. 3. That In Britain 
it seldom amounts lo 0‘5, hut is often as great as 0*5 du¬ 
ring summer. 4. That in winter it is frequently as low as 
O'I of an inch of mercury. From the.'m facts, thcobsolulc 
quantity of water contained in the atmospberCi atony given 
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time, might be correctly ascertained, provided we were cer¬ 
tain that the density and elasticity of vapours follow the 
same law as that of gases, as is extremely likely to be the 
ease. If $o,’the vapour will vary from ^th to y^th part 
of the atmosphere. Dalton supposes that the medium 
quantity of vapour held in solution at once in the ntmo- 
sphiTc, may amount to about T^th of its bulk* See Mau- 
chc'srer Memoirs, vol.3. 

With regard to the next constituent part of the atmo¬ 
sphere, carbonic acid gas, it will be tirst proper to remark, 
that Its existence was first dctcrmiiu d by Dr. Black, im¬ 
mediately after he had ascertained the nature of that pe¬ 
culiar fiuid. The exposure of a pure alkali, or alkaline 
earth, to the atmosphere, having been observed to be the 
cause of a gradual conversion of it into a carbonate, by 
the absorption of carbonic acid gas, rendered unavoidable 
the inference (as soon as the difference between a pure al¬ 
kali and its carbonate had been ascertained to depend upon 
that acid) that carbonic acid gas existed in the atmosphere. 
This fact has not only been proved for the atmosphere near 
the surface of the earth, but established for the greatest 
heights accessible to man. Saussure found it at the top of 
Mount Blanc, the highest point of the old continent; which 
is covered with eternal snow, and not exposed to (he in¬ 
fluence of vegetables or animals, iiumbolt has more lately 
ascertained tiic existence of this gas in air brought by M. 
Gurnerin, from an aerial oxcunion into the atmosphere not 
less tiian 4280 feet above the surface of the earth; which 
is a fact sufficient to prove tliai the presence of carbonic 
acid in air docs not depend on its vicinity to the earth. 

The difficulty of separating ibis gas from air, has render¬ 
ed it no easy matter to determine, with accuracy, the rela¬ 
tive quantity of it in a given bulk of air. From the experi¬ 
ments of Humbolt it appears (ovary from *005 to *01. Mr. 
Dalton's experiments give the quantity much smaller; he 
concludes that air contains ofit bulk of carbo¬ 

nic acid gas. lienee, and from the results of other ex* 
perimentSi it is inferred, that the bulk of carbonic acid in 
air, docs not exceed much the ,Vwth part of the atmo¬ 
sphere. 

From all which we conclude, that the average propor* 
tion of each of these three distinct elastic fluids, forming 
chiefly the whole body of the atmosphere, 

06-9 Air. 
ro Vapour 
0*1 Carbonic acid. 
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It is indeed true that other bodies, besides the three elas¬ 
tic fluids just mentioned, have been suspected in the at¬ 
mosphere ; as, for instance, hydrogen gas, and carburetted 
hydrogen; but as no satisfactory accounts concerning 
their quantities have yet been ascertained, or that would 
justify any particular notice of them in this place, we will 
therefore content ourselves by barely mentioning tliemi 
and refer our readers for the little information we have 
U'en able io collect respecting them, to their proper ar¬ 
ticles. The electric matter, and other substances raised 
from bodies on the carth^s surface, by effluvia, exhala¬ 
tions, &c? arc always distinguishable; and, being ex¬ 
posed to the continual action of the sun, give rise to in- 
nurgcrablo operations, sublimations, separations, composi¬ 
tions, digestions, fermentations, putrefactions, Thom- 
bon's Chem. voK 4.* 

EUdri^y of ihe ATMosPHEKEt The subject of at- 
mospberical electricity has engaged the attention of many 
Vot. I. 
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very eminent philosojjhers; since it is welt known that, be¬ 
sides tho'^e large <{uantities of the elecincal mailer, with 
which the clouds are generally charged in aihunder Morm, 
the atmosphere is never holly destitute of the electric 
fluid. A person electnlied negatively muy satisfy him¬ 
self of this by extending his arm in the open air, and pre¬ 
senting a long sharp needle with its point upwards; for 
the electric mailer collected from the remoter air will ap¬ 
pear luminous ns it converges lo the point of the needle. 
Mr. Canton's balls arc likewise an excellent contrivance 
for (be same purpose, and may be made use of, not only 
for <letcrmining the electricity of the atmosphere ingenc- 
rah but the positive or negative quality of it. According 
to this ingenious philosopher, desiccated atmospheric air, 
when healed, becomes negatively electric; and w hen 
cooled, (he electricity is of the positive kind, even when 
the air is not permitted to expand or contract; and the 
expansion or contraction of atmospheric air occasions 
changes in its electrical state. 

Bcccaria informs us, that thcelcclricity of the atmosphcie 
is always ])ositivc during the day, and in dry weather; but 
always negative wlicn a bright or serene atmosphere suc¬ 
ceeds dark and moist weather: tliat the quantity of it in¬ 
creases after the rising of the sun, and during bis progress ; 
and that its augmentation is the more considerable as the 
moisture of the air diminishes; but it decreases in the 
evening. In days equally dry, the degree of electricity at 
noon was proportional to the degree of heat; and in a 
serene atmosphere with little wind, a considerable quan¬ 
tity of the electrical matter commonly arose after sun-set 
during the precipitation of the dew*. Thick fogs were ob¬ 
served, during their ascent into dry air, to carry with them a 
considerable quantity of the electric matter. And the elec¬ 
tricity was always stronger when his rods were higher, and 
the strings which were extended and insulated in the open • 
air were longer. See his Essay on Atmospheric Electri¬ 
city annexed to the English translation of his Artificial 
Electricity. 

Mr. Cavallo, from numerous experiments and obson*a- 
tions, infers, that there is in the atmosphere at all times a 
quantity of electric matter:—that the electricity of the at¬ 
mosphere and of fogs is always positive:—that in general 
the strongest electricity is observable in thick fogs, and 
also in frosty weather; and the weakest when it is cloudy 
and warm, and ramj;it^roaches;—that it docs not seem to 
be less by night tIhaAy day; and that it is stronger in 
places more elevated, than in those which arc lower. Sec 
ins complete Treatise on Electricity, vol. 2. p. 42* edit. 4. 

Among (he celebrated men who have engaged in the 
(ullivatioa of this science, few have enjoyed the advan¬ 
tages of observing tlie phenomena attending atmospherical 
electricity ofM. Saussurc, or indeed who have possessed a 
more extensive acquaintance with meteorology in general, 
for enabling him to illustrate these phenomena by appo¬ 
site observations. He confirms the fact, noticed by others, 
and previously know*n, that aerial electricity varies accord¬ 
ing to the situation, being generally strongest in elevated 
and insulated places, and not observable under trees, in 
streets, houses, &c. But it is not so much the height as 
the siuiation of the places which determines the degree of 
electricity: for the projecting angle of a high hill, he says, 
will often exhibit a stronger electricity than the plain at 
the top of the hill, as there are fewer points of the former 
to deprive the air of its electricity. The intensity of the 
atmospherical electricity is also subject to a great variety 
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of change?, of which iome depend on obvious circum- parts arc more remote from the axis; and hence the figure 
stances, while others arc altogether inexplicable; they arc of the atmosphere must become an oblate spheroid ; since 
sometimes so rapid, says Saussure,as to preclude all possi- the parts that correspond to the equator arc farther rc- 
bility of noting them down* When rain falls, without a moved from the axis, than the jKirts which correspond to 
storm, tiiese changes are not so sudden ; but with respect the pok‘s. Besides, the figure of the atmosphere must, on 
to the intensity of the electric force, they arc excessively nnolher account, represent a flattened spheroid, namely 
irregular; while the quality of it is more constant* Uaiii because the sun strikes more directly the air which en* 

or sno'v almost always gives positive electricity. In cloudy compasses the equator, and is comprehended between the 

weallier, without rains or storms, the electricity generally two tropics, than that wliich pertains to the polar regions; 
follows (lie same laws as in serene weather. Its intensity whence it follows, that the mass of nir, or part of the al-^ 

i> most commonly diminished by strong win<is, which blend mosphcrc, adjoining to the poles, being less heated, can- 

the different strata of the atmosphere, cause them to sub- not expainl so much, nor reach so high. Yet, notwith- 
side towards the ground, and thus distribute the electricity standing, as the same force winch contributes to elevate 
uniformly between the earth and the air- I'he various the air, diminishes its pressure on the surfaccof the earthy 
modifications of electricity in the atmosphere, are observed higher columns of it about the equatorial parts, all olhef 
with the greatest advantage in serene weather. M. Saus- circumstances being the same, may not be Jicavicr than 
sure found in winter, and in such weather, that the eloc« those about the poles. 

tricily was generally weakest in the evening, when the In the Transnclions of the Royal Irish Academy for 
dew had fallen, and so continued till sun-rise; afterwards 1788, Mr. Kirwan has an ingenious dissertation o6 the fl¬ 
its intensity augmented by degret^s, sometimes sooner and gurc, height, weight, 6cc, of the atmosphere* He observes 
sometimes later; but usually before noon it attained a that, in the natural state of the atmosphere, that is, when 
certain maximum, from which it again decline<l till the the barometer would every where, at the level of the sea, 
fall ofthe (lew, when it would be sometimes stronger than stand at 30 inches, the weight of the atmosphere, nt the 
it had been during the whole day ; after which, it would surface of the sea, must be equal albovcr the globe; and 
again gradually decrease during the whole night; but it in order to produce this equality, as the weight proceeds 

was ne\er quite destroyed in weather perfectly serene, from its density and height, it must be lowest whore the 

Hence it may be inferred, that atmospherical electricity,' density is greatest, and highest where the density 19 least; 
like (he waters of (he ocean, is subject to a flux and re- that is, highest at (he equator and lowest at the poles, 
flux; which produce an increase and diminution twice in with several intermediate gradations* 

24 hours. The same author also remarks, after numerous Though the equatorial uir however be less dense to n 
experiments made on evaporation, that this w hich ap- certain height than the polar, yet nt some greater heights 
pcared to bo the vehicle that conveys electric matter into it niust evidently be more dense: for since on equatorial 
the atmosphere, from siher and china always produced and polar column are equal in total weight or mass, the 
negative electricity; ami from iron and copper generally lower part of the equatorial column, being more expanded 

positive electricity: and hence it may be inferred, that by heat than that of the polar, must have Icv^moss, 

electricity is positive with those bodies that are capable and therefore a proportionably greater part of its mass 
of decomposing w*nter, or of being decomposed themselves must be foutid in its superior section; so that the lower 
by their contact with the water; and negative with all those extremity of the superior section of the equatorial column 
that arc not at all decomposed or altered. is more compressed, and consequently denser, than the 

As to the producing causes or sources of atmospherical corresponding part of the polar column* 'Phe same thing 
electricity, we may observe in general, that they may be is to bo understood also of Ihc e.^tra-tropical columns with 
reduced to ^our; vi2, friction, evaporation, heat and C(^ld, respect to each other, where diflercnccs of heal prevail* 
and condensation and expansion: and with respect to the Hence, in jbe highest regions of the ntmosphere, the 
changes and modifleations to which the atmospherical elec- denser equatorial air, not being supported by the collate- 
tricity is continually subject, they maybe attributed to the ral cxtra-lropicul colnmnsi gradually flows over, and ex- 
operation of the various causes that produce them, and to pands itself towards the north and south, 
the chemical processes (hat arc constantly carried on by These superior tides consist chiefly of iriflammablc.air, 
means of the various ingredients that compose the atmo- as it is much lighter than any other, and is generated in 
sphere. For further observations on this subject, consult great plenty between the tropics; it furnishes the matter 
(he authors from whence (hesc particulars were chiefly of (be aurora borealis and australis, by whose combustion 
taken; also Mr. Read's very ingenious work, entitled a Sum- it is destroyed, otherwise ils quantity would in lime be- 
mary View of the Spontaneous Electricity of the Earth come too great, and the weight of the atmosphere annually 
and Atmosphere* Seculso the articles Hail, Rain, Snow, increased; but its combustion is the primary source of 
LrciiTHiNG, and those of other meteors. the greatest perturbations of the atmosphere* See an in- 

Figurc qf the Atmosphere*—A s the atmosphero en- geniouswork on the Atmosphere by H# Robertson, M*0» 
yelops all parts of the surface of our globe, it is evident, in 2 vols* 8vo, 1808* 

if they both continued at rest, and were not endowed with Weight or Preuure qf the Atmospheue*— That the 
a diurnal motion about their commtm axis, that the atmo- mass of the atmosphere has weight, and consequently 
sphere would be exactly globular, according to the laws presses upon bodies exposed to its action, is a*facl which 
of gravity; for all the parts of the surface of a fluid in a has been asserted by almost all philosophers, both ancient 
state of rest, must be equally removed from ils centre. But and modern. But it was only by means of the expert 
as the earth and the ambient parts of the atmosphere re- ments made with'pumps and the barometrical tube, by 
volve uniformly together about thoiraxis, thedifTerentparts Galileo and Torricelli, thaf wo have been convinced of its 
of both have a centrifugal force, the tendency of which is reality, and enabled to ascertain the precise measure and 
more considerable, and that of the centripetal less, as the quantity of that pressure* Thus, it is found that the prta- 
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Tii'i very mucfi; bill when a change of ihis kinJ gradual, 


aurc of the atmosphere sustains a column of quicksilver, 
in the tube of ihe baroineler, of about 30 inches in height; 
it ihereforc follows, that ihc whole pressure of the atmo¬ 
sphere is equal to the weight of a column of quicksilver, 
of an equal base, and SO inches height: and because a 
cubical inch of quicksilver is found to weigh nearly half a 
pound avoirdupois, therefore the whole 30 inches, or the 
weight of the atmosphere on every sqwire inch of surface, 
is almost equal to 15 pounds* Again, it lias been found 
tljat the pressure of the atniosphero balances, in the case 
of pumps &c, a column of water of about 34^ feet high ; 
and, the cubical foot of water weighing just 1000 ounces, 
or pounds, 34^ times 624> <>r 213Slb, will be the 
weight of the column of water, or of the atmosphere on a 
base of one square foot; and consequently the 144th part 
of this, or 15lb nearly, is the weight of the atmosphere on 
a square inch;, the same as before. Hence Mr. Cotes 
computed that the pressure of this ambient fluid on the 
whole surface of the earth, is equivalent to that of a globe 
of lead of 60 miles in diameter. And hence also it ap¬ 
pears, that the pressure upon the human body must be 
very considerable; for as every square incii of surface 
sustains a pressure of 15 pounds, every square foot will 
sustain 144 times os much, or 2 lGo pounds; then, if the 
w hole surface of a man's body be Supposed to contain 15 
square feet, which is pretty near the truth, he must sus¬ 
tain 15 times 21 Go, or 32400 pounds, that is nearly 144 
tons weight, for his ordinary load. By this enormous pres¬ 
sure we should undoubtedly be crushed in a moment, if 
all parts of our bodies were not tilled cither with air or 
some other clastic fluid, the spring of which is just sufli- 
cient to counterbalance the weight of the atmosphere. 
But whatever this fluid may be, it is certain that it is just 
able to counteract the weight of the atmosphere, and no 
more: for, if any considerable pressure be superadded to 
that of ilie air, as by going into deep water, or the like, it 
if always severely fell, at least when the change is made 
suddenly; and if, on the other hand, the pressure of the 
atmosphere be taken off from any part of (he human body, 
as the hand for instance, when pul over an open receiver, 
from which Uie air is afterwards extracted, the weight of 
ihc external atmosphere then prevails, and we imagine the 
hand strongly sucked down into the glass. 

The difference in the weight of the air which our bo¬ 
dies sustain at one time more than another, is also very 
considerable; this difference in tlie same situation arises 
from changes in the suite of the atmosphere, and it most 
frequently lakes place in countries at some distance from 
the equator; and ns'the barometer varies at times from 
26 to 31 inches, or about one tenth of the whole quantity, 
it follows that this difference amounts to about a (on and a 
half on the whole body of a man, which he therefore may 
sustain at one time more than at anothci:. On the inci^asc 
of this natural weight, the weather is commonly 6nc, and 
we f|i:el 9 ursclvcs in bettef spirits and mure alert and ac- 
tUv; but, on the contrary, when the weight.of the air di¬ 
minishes, t)ic weather is gencmlly mdist and foggy, and 
people feet a listlcssncss and inactivity about them. And 
hence it is no wonder that persons suffer very much in 
their health from such changes in the atm(;sphcrc, espe¬ 
cially when they take place very suddenly, for it is to this 
circumitancc chiefly tnat asensation uf uneasiness and in- 
dispdsiiioQ is to be attributed ; thus, when the variations 
uf the burometer and atmosphere are sudden and great, 
we feel the ulteralioo and its effect on our bodies and spi- 


we are scarcely sensible of it, owing, undoubtedly, to tiic 
power With svhich the body is naturally endowed, ot 
commodating itself to thi^ ^Iteration in the state ot the 
air, as well as to iheclmngc of many other circumstances 
of life, the body requiring a certain interval of lime to el- 
feel the alteration in its state, projin Xo that of the air 
Thus, in going up to the «d mountains, where the 
pressure of the atmosphere is diinini^licil two or three 
limes more than on the plain below, In lie or no inconve¬ 
nience IS felt from the rarity of the air, if it be not mixed 
with other noxious vapours &:c ; because that, in the ad¬ 
eem the body has had sufficient time to accommodate it¬ 
self gra<JuuUy to the slow variutiou in the state- of the at¬ 
mosphere: but, when a person ascends with a balloon 
very rapi<lly to a great height in the almt>splierc, he feels 
a difficulty in breathing and an uneasiness of body ; and 
the same is also true of an animal when inclos<'d rn a re¬ 
ceiver, and the air suddenly drawn or pumped out of it« 
So likewise, on the condensation of the air, we fc<i little 
or no change in ourselves, except when the alteration oc¬ 
curs suddenly, as in very rapid changes in the weather, 
and in descending to great depths in u <li>ing-bell, See. I 
have often hearil the late unfortunate Mr. Spalding speak 
of bis experience on this point: he always found it abso¬ 
lutely necessary to descend with the bell very slowly, and 
that only from one depth to another, rc>ting a while at 
each depth before he began to descend farther: he tirst de¬ 
scended slowly for about 5 or G fathom, and then stopped 
a while; he felt an uneasiness in hi» liead and ears, which 
increased more and more as he dcdCendcd, till he was ob¬ 
liged to slop at the depth above mentioned, whore the 
density of the air was nearly dotible<l; having remained 
there a while, lie felt his cars give a sudden crack, and 
after that he was soon relieved from any uneasiness in that 
part, and it seemed as if the density of the air was not al- 
tcreii. tie then d(*sceii<led 30 (wi more, with the same 
precaution and similar sensations, being again relieved io 
the same manner, after remaining awhile stationary nt the 
next stage of his descent, w here the density of the air was 
tripled. And thus he continued proceeding to a great 
depth, always with tlie same circumstances, repeated at 
every 5 or 6 fathoms, and acldingthc pressure of one more 
atmosphere at every peridd of the progress. 

It is not easy to assign the true rcireon for the variations 
;that happen in the gravity of the atmosphere in the same 
place. In places within the tropics, w here these varia¬ 
tions arc not very considerable, (he chief cause seems to 
be the heat of the sun, as the barometer constontiv sinks 
about lialf an inch every day, and rises to its former sta¬ 
tion again in the night. But in the temperalc zones the 
barometer ranges from 28 to near 31 inches, showing, by 
its various altitudes, the changes that arc about to tako 
place in the weather. If we could know, therefore, tho 
causes by which the weather is influenced ; we should also 
know those by which the gravity of the atmosphere is af¬ 
fected. These may perhaps be reduced to immediate ones, 
viz, an emission of latent heat from the vapour contained 
in the atmosphere, or of electric fluid from the same, or 
from the earth; as it is observed (bat they both produce 
the same effect with the solar licat in the tropical climaios, 
viz, to rarefy the air, by mixing with it, or selling loose a 
lighter fluid, which did not before act in^ such large pro¬ 
portion in any particular place. 

Temperaiure qf the AxMOSniniF..—To no part of natural 
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cxpcriiiu'hlal piiilosophy, )iii5 the atlciUion of learned 
inch been directed witii greater assiduity, than that which 
re>pcct5 the various slates of the atmosphere in regard to 
(empcTature: many reasons have been adduced^ as well as 
theories |>ro])o>ed, co account for these phenomena, and 
numerous experiments made to ascertain the precise dc* 
grccs o( \ariiition, at ditrerenl seasons, and in dift'erent si* 
tuations« both ai sea and land. Among the writers who 
have rendered themselves conspicuous in those investiga* 
Uons, are Dr. Hales, M. Houguer, Mariotte, llulley, Dc 
Luc, Saussurc, Mai ran, Ilayniuinl, Playfair, Kirwan, and 
Darwin. 'Ihey all agree, that (ho principal alterations in the 
stale of the atmosphere arc effected by means of the sun's 
heat, aiul that arising from the condensation of vapour: it 
was from tlie former fact that the ancient philosophers of 
Greece and Rome concluded (though too abruptly) that 
the torri<i zone under a vertical sun, and the frigid zone 
where its rays fall very obliquely, were uninhabitable: 
time corrected this mistake, and presented new phenome* 
na, which it has been found difljcult to explain. The 
hottest days are frequently felt in tlie coldest climates; and 
the greatest cold, ns well as perpetual snow, are found in 
countries bordering on, or even immediately under, the 
equator. Dr. Halley has indeed proved, that abstracting 
from the intervention of fogs, mists, and mountains of ice, 
the hottest weather might in summer tnkc place even un¬ 
der the (loles; the duration of the sun's light more than 
compensating for the obliquity ofits direction, (see H eat) ; 
but as many physical causes obstruct tlic activity of tlic 
solar rays in tlu*sc and other regions, it was still necessary 
to recur to some other catue. At length M. dc Mairan 
(Mem. Acud. Paris, 1719 <'ttid 1767) discovered, that the 
rigour or intensity of the cold in winter, is tempered by 
the heat irnpartid to the atmosphere by the earth itself; 
which heat, probably possessed from its origin, is preserved 
and renewed by the incessant influences of the sun, to 
which one half of its surface is constantly exposed : hence 
it must billow, that the temperature of the atmosphere de- 
peiuis on the capacity of the earth to receive and retain 
heat, and for communicating it to the surrounding me¬ 
dium. But as the earth is composed of land and svatcr, it 
should be considered that the capacities of these consti¬ 
tuent parts, for receiving both heat and cold, arc very dif¬ 
ferent. Land, particularly when dry, receives heat from 
the sun^s rays very fBadily, but transmits it through its 
own substance to grout depths very slowly; and on the 
other hand water, by reason of its transparency, receives 
heat vei^ slowly, but diffuses what it receives more rea¬ 
dily. Tlic experiments of Dr. Hales, and those of other 
philosophers, to ascertain the degrees of bent of the earth 
at different depths, and at various times of the year, ap¬ 
pear to confirm the idea that the surface of the earth is 
much heated during the summer, but that the heat de¬ 
scends Very slowlv, n great part of it being communicated 
to the air; and that during the winter, the earth gives out 
to the air the heat which it had received during the sum¬ 
mer; also that wet summers must be succeeded by cold 
winten. Mariotte, also obtained nearly the same results: 
he found that the earth is gradually heated during the 
summer, and as gradually cooled during the winter 
months; and that at the distance of a few feet under the 
surface, it is constantly warmer than the external air; and 
the excess was found to remain till April, when the sur¬ 
face is again heated by the sun s rays, and slowly trans¬ 
mits its beat downwards. Hence it appears, that at the 


distance of about 80 or 90 feet below the surface, provided 
there be a communication with the externa) air, or at a 
less depth if then.* be no such c<immunication, the temper¬ 
ature of the earth admits of wty slight variation, and ge¬ 
nerally approaches to the mean annual heat. From which 
it has been inferred, (hat the temperature of spring is 
nearly the same as the annual temperature, and varies 
very little. 'Fhese fuels tend to prove very sutisfaclorily, 
that the heat of tlie earth dot's not increase as we descend 
below its surface, but at the greatest depths it is nearly 
the same as the mean annual tcmpiTature of the latitude.. 
We have ubserved, that land is capable of receiving heat 
and cold much more readily tlian water. To which pur¬ 
pose Dr. Raymond found, in the neighbourhood'of Mar¬ 
seilles, land frequently heated to l 60 ^; but lie never ob¬ 
served that the sea was hotter than 77^; ^nd in winter he 
frequently observed the earth Cf>oled down to 14® or 15% 
but the sea never tower than 44^* or 45®: Mem.de la 80 - 
ciet. dc Med. dc Paris, an. 1778, p. 70. From these facts 
therefore, it must follow, that the atmosphere which lies 
over the sea should maintain a more uniform temperature, 
than that over the land ; and this is found to be the fact; 
nor is it difficult to give a satisfactory explication of it. 
During summer, the temperature of the sea on its surface 
is constantly diminished by the process of evaporation; 
and in the winter, when the supcrhcial water is cooled, it 
di*sccnds by its augmented gravity to the bottom, and its 
place is occupied by water of a higher temperature. Th\i% 
alternate changt*v' of heavier and lighter air proceed, and 
the winter elapses before the atmosphere has diminished the 
temperature of the water below a certain degree. Between 
the mean annual (einporaturc of the atmosphere over the 
ocean, and that of countries situated at a considerable di¬ 
stance from it, there is a very perceptible difference. A 5 
the sea is never heated to the same degree as the land, the * 
mean temperature of summer over the sea may be Consi¬ 
dered os lower than that over the land. In winter, when 
the force of the sun's rays is wcakcneil, the sea imparts its 
heat to the atmosphere much more readily than the earth 
thiTefore the mean temperature on sen, at this season, is 
higher than on land; and in cold countries, this difler- 
ence in the evolution of hca( is so very considcrubic*, timt 
it more than counterbalances the difference which takes 
place in summer: insomuch that, in high latitudes, the 
mean atinual temperature at sea ought to exceed that on 
land. 

in latitudes distant from thecquator, islands are warmer 
than continents, because they participate more oftluMem* 
pemture of the sea. Countries that lie southward of niiy 
5 ca, arc warmer than those that have the sea to the south 
of them, at least in our hemisphere, because the winds 
that should cool them in winter arc tempered by passing, 
to them from that sea; and those that are northward of the 
sea, arc cooled in summer by the breezes that issue from 
it; hot a northern or southern bearing of the sea renders 
a country warmer^lhnn if it lay either to the east or west. 
Tracts of land which arc covered with trees and luxhriunt 
vegetables, arc much colder than those which have less 
surface of vegetable matter; for though living vegetables 
niter their tclnpemture slowly and with difficulty, yet the 
. evaporotion from their numerous surfaces is much greater 
than from the same space of land uncovered with vegeta¬ 
bles; and besides, when they arc tall and close, as forests,, 
they exclude the sun's rays, and shelter the winter snows 
from the wind and son. From some experiments of Mr* 
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Williams (Philad. Trans, vol. 2, p. 150), it appears that fo- 
rests discharge one third more vapour into the atmosphere, 
than thesame space of grovmd would do if actually covered 
with wuler. From this rea3«)ning, it seems that woody 
countries are much colder than those that arc open and 
cultivated. With regard to the heal alibrded from the 
condensation of vapour, we need not expatiate very con¬ 
siderably, since it is well known that vapour coiiiains a 
groat quanlily of such matter. This heat produces no 
other effect but that of making it assume an aerial ex¬ 
panded form, until the vapour is condensed into a liquid ; 
and during this condensation, a quantity of sensible heat 
is let loose, which worms the surrounding atmosphere. 
This condensation is frequently occasioned by the attrac¬ 
tion of an electrical cloud; and hence proceeds the sultri¬ 
ness which we often experience before rain. 

The following is a view of the annual temperature of 
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As to the effect of elevation on the tcnipcnituie <.j tliv 
atmosphere, \vc may observe, that as hc.tt is [Jiiqi.igau <1 
through the atmosphere chiefly by commuiiicainni uiiU 
contact wilh the earth, lofty mountains of limited sur¬ 
face cannot warm it to any considerable degiee, as ihey 
receive the sun’s rays more obliquely, and conmiunicaling 
less willi the common mass ot the earth, aie Uss healed 
than plains. Hi nee it happens ihat ilie su epesi moun¬ 
tains are always the coldest. Belore M. Bouguer demon¬ 
strated and laid open the true causis ol iho diininutiun ot 
beat on the lops of mountains, nmny hypoilu-'* s were as¬ 
sumed to account for this pbciioiiiinoii; but this cele¬ 
brated philosopher has shown, that time is no nec»s>ity lor 
recurring to any dubious suppositions for an explication 
of the fact, as will evidently appear from his account of 
what was experienced on ihc mountains of Peru. He says, 
“ It was proper, in order to explain tins subject, to consi¬ 
der the short duration of the sun’s rays, winch cannot 
strike the differcin sides of mountains but for a few hours, 
and even this not always. A hurironlal plain, when the 
sun is clear, is exposed at mid-day to the perpendicular 
and uiidirainishcd action of these rays, while they fall but 
obliquely on a plain not much inclined, or on the sides of 
a high pile of steep rocks. But let us conceive for a mo¬ 
ment an insulated |)uint, halt the height of the atmosphere, 
at a distance from all mountains, us well as from the clouds 
which float in the air. The more a medium is li an''parent, 
the less heal it ought to receive by the immediate action 
of the sun- The free passage which a very transparent 
body allows to the rays of light, shows that its small par¬ 
ticles are hardly touched by them. Indeed, what impres¬ 
sion could they make on it when they pass ihrmigli almost 
without obstruction ? Light, when it consists ol parallel 
rays,dues not, by passing through a footol free atmospheric 
air near the cut ill, lose an bunurcd-thousaiulth part of its 
force. Prom this wc may judge how few rays tire weak¬ 
ened, or can acl upon this fluid, in their passage through a 
stratum of the diameter, not of an inch or line, but of a 
particle ; yet the subtilty or transparency are still greater 
at greater heights, as was obvious in the Cordilleras when 
wc looked at distant objects. Lastly, the grosser air is 
heated below by the contact or'ncighbourliood of boilies of 
greater density than itself, which it surrounds and on which 
it rests; and the beat may be communicated by small de¬ 
grees to a certain distance. The infiTior part ot the at- 
ihosplicrc by this means contracts daily a very consider¬ 
able degree of heat, and may receive it in proportion to its 
density or bulk; but it is evident that the same thing can- 
not happen at the distance of a league and a half or two 
leagues above the surface of the earth, though the light 
may be there something more active. The air and wind, 
therefore, at this height, must be extremely cold, and colder 
in proportion to its elevation." 

baussurc adopts this theory, and adds the following fact, 
to prove that the force of the sun's rays, considered abs¬ 
tractedly and independently of any c.xtrinsic source of 
cold, is no less powerful on mountains than on plains, viz, 
(hat the power of burning lenses and mirrors is the same 
at all heights. For ascertaining this fact, he procured 
a burning glass so weak in its effect, that at Genova it 
would just set fire (o tinder. This glass was carried to 
the summit of Mount Saleve, 3000 feet high, and it there 
produced the same effect, and with greater ease. Hence 
he concluded that the principal source of cold on the tope 
of mountains is their being perpetually surrounded by oa 
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utuclj canut^t be much healed by the rays of 
thi' sun, on account ol iib transparency, or by their reflec¬ 
tion from the cjrih, by reason of its distance; but he 
wished also to know whether the direct solar rays had the 
sante poucr on the top of u high mountain as on the plain 
beion, while the body on which they acted was placed 
in MTcIi a manner as to be uimtTccteil by the surrounding 
air. With this view he instituted a set of experiments, 
from Nvhich he deduced the following conclusions, vi>^, 
ihnt a difteR*nce of 777 tuiscs in height, diminishes the 
heal wliich the rays of the sun are able to communicate 
to a body exposed to the external air, 14^ <if the therino- 
tnetcr; that it diminishes the heat of a body partially ex¬ 
posed only and llnit it augiiionts by the heat of a 
third body completely defended from the air. Hence it 
appears, that the atinospliore counteracts the operations 
of the solar rays in jirudiicing heal, by n power which is 
exerted at all distiinccs, from the surlacc to the higher 
regions. 

I)r. Darwin, from his experiments and obsenulions, in¬ 
fers, that there is g(;od reason for cohcluding that in all 
circumstances where air is mechanically expanded, it be¬ 
comes capable of attracting the fluid mutter of heat from 
other bodies in contact with it. Now, us the vast region 
of air wdiicli surrounds our globe is perpetually moving 
along its surface, rising up the sides of inountains, and 
descending into the valleys; us it passes along, it must be 
perpetually varying the <legree of heat, according to the 
elevation of the country it traverses: for, in rising to the 
summits of mountiins, it becomes expanded, having so 
much of the pressure of the superincumbent atmosphere 
taken away; and when thus expanded, it attracts or ab¬ 
sorbs heut from the mountains in contiguity with it; and, 
w hen it descends into the valleys, and is compressetl into 
less compass, it again gives out the heat it has acquired to 
the bodies it comes in contact with. The same thing must 
happen to the sujKTior regions of the atmnsplierc, which 
are regions of perpetual frost, as has lately been evinced by 
the ai'riul navigators. When largo districts of a»r, from 
tlie lower parts of the atmosphere, arc raised two or three 
tniles high, they become so much cxjwnded by the great 
diroimition of the pressure over them, and thence become 
so cold, that hail or snow is produced by the precipitation 
of the vapour: and as there is, in these high regions of the 
atmosphere, nothing else for the expanded air tojacquire 
brat from after it has parted with its vapour, the same de- 
grtv of cold continues, till the air, on descending to the 
earth, acquiics its former state ,of condensation and of 
warmth, The Andes, almost under the line, rests its base 
on burning sands: about its middle height is a most plca^ 
sanl and temperate climate covering an extensive plain, on 
which 18 built the city of Quito; while its forehead is en¬ 
circled with eternal snow, perhaps coeval witb the moun¬ 
tain. Yet, according to the accouiUs of Don Ulloa, these 
three discordant climates seldom encroach'much on each 
other's territories. The hot winds below, if they ascend, 
become cofded by their expansion; and hunqc they cannot 
affect the snow upon the summit; and the cold winds that 
sweep the summit become condensed as they descend, and 
of a moderate temperature before they reach the fertile 
plains of Quito. 

Many other experiments to this purpose were also made 
by M. Pictet of Geneva, Dr. Wilson of Glasgow, and Mr. 
James Six; but as our limits will not permit us to give ob^ 
servatioos of this kind in detail, we beg to refer our readers 


to the works containing them; viz, the 76tb vol. of the 
Phi). Trans, for Mr. James Six's, and the same Trans, for 
17 SOand 1781, for Dr. Wilson's: also see 11 ecss new edit, 
of his Cyclopedia, art. Atmosphere. 

and Density of (he Atmospiierc. Various at¬ 
tempts have been made to ascertujn the height to which 
the atmosphere extends above the earth. These com- 
nu'uced soon after it was discovered, by means of the Tor¬ 
ricellian tube, that air is endued with wciobl and pressure. 
And had not the air an clastic power, but were every where 
of the same density, from the surface of the earth to the 
extreme limit of the atmosphen*, like water, vvhich is 
equally dense at all depths, it would be a very easy mat¬ 
ter to determine its height from its density and the column 
of mercury which it would counterbalance in the lurome- 
trtcal tube: for, it having been observed that the weight 
of the atmosphere is equivalent to a column of about 30 
inches or 2} feet of quicksilver, and the density of the for¬ 
mer to that of the latter, nearly us 1 to 11040; therefore 
the height of the uniform atmo^phero would be 11040 times 
21 feet, that is 27600 feet, or little more than 6 miles and 
a quarter. Hut the air, by its clastic quality, ex]>ands and 
contracts; and it being found by repeated experiments in 
most nations of Europe, that the spaces it occupk's, when 
compressed by different weights, me reciprocally propor¬ 
tional to those weights; or, that the more air is pressed, 
so much the U'Ss space it tikes up; it follows (hut the air 
iu the upper regions of the attuosphere must become con* 
linually more and more rai*o, as the height of it increases, 
and thus, according to that luw, must nrcissaritv be ex¬ 
tended to an indeltiuto lu^ight. Now, if we suppose the 
height of the whole to be divided into innumcrublc equal 
parts, the quantity of each part will be as its density; and 
the weight of the whole incumbent atmosphere being also 
as its density; it follows, that the weight of the incum¬ 
bent air is every where as the quantity contained in the 
subjacent part; which causes a difference between the 
weights of each two contiguous strata of ciir. Hut, by a 
theorem in the doctrine of proportion, when a magnitude is 
continually diminished [)y the like part of itself, and the 
remainders the same, they will express u series of continued 
quantities decreasing in geometrical progression: therefore 
if, according to the supposition, the altitude of the air, by 
the addition of new parts into which it is divided, do con¬ 
tinually increase in arithmetical progression, its density will 
be diminished, or, which is the same thing, its gravity will 
be decreased, in continued geometrical progression. And 
hence, again, it appears that, acconling to the hypothesis 
of the density being always proportional to the compressing 
force, the height of the atmosphere must necessarily be ex¬ 
tended imlcflnitcly*. And, farther, as an arithmetical series 
adapted to a geometrical one, is analogous to tbc logarithms 
of the said geometrical one; it follows therefore that the 
altitudes arc proportional to the logarithms of the dcndlics 
or weights of air; and that nny height taken from the earth's 
surface, which is tbc difference of two altitudes to the top 
of the atmosphere, is pit>portional to the difference of tho 
logariUims of the two dcusitics there, or to the logarithm 
of the ratio of those densities, or their corresponding com¬ 
pressing forces, as measured by the two heights of the ba¬ 
rometer there. This law was first observed and demon¬ 
strated by Dr. Halley, from the muure of the hyperbola; 
and afterwards by Dr. James Gregory, by means of the lo¬ 
garithmic curve. SccPhilos.Tran3.N*I81,orrayAbridg. 
vol. 3, p. 300, and Grc^. Astron. lib. v, prop. 3. 
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It is now easy, from the foregoing property, and two or 
three experiments, or barometrical observations, made at 
known allittidvs, to deduce a general rule to determine the 
absolute height answering to any <lensity, or the density an¬ 
swering to any given altitude above the earth. And ac¬ 
cordingly, calculations have been made upon this plan by 
many philosophers, particularly by the French ; but it ha¬ 
ving been found that the barometrical observations did hot 
correspond with the altitudes ;is measured geometrically, 
it was suspected that the upper parts of the atmospherical 
regions were not subject to the same laws with the lower 
ones, in regard to the density and elasticity. And indeed, 
when jtis considered that the atmosphere is a heteroge¬ 
neous mass of particles of all sorts of matter, sonu- elastic, 
und others not, it is not improbable but this may be the 
case,'at least in the regions very high in the almospliere, 
which it is likely may more copiously abound with th<-clec-- 
trical fluid. Be this however as it may, it has lately been 
discovered that the law above given, holds scry well for all 
such altitudes as arc within our reach, or as far as to tlic 
tops of the highest mountains on the earth, when a correc¬ 
tion is made for the ditFerence of the heat or temperature 
of the air only; as was fully evinced by M. de Luc, in a 
lung scries of observations, in which he determined the al¬ 
titudes of hills, both by the barometer and by geometrical 
measurement, from which he deduced a practical rule for 
determining the allowance to be made for the difl'ercncc of 
temperature. Sec his Treatise on the Modifications of the 
Atmosphere. Similar rules have also been deduced from 
accurate experiments, by Sir George Shuckburgh and Ge¬ 
neral Roy, both concurring to show, that such a rule for 
the altitudes and densities bolds true for all heights that 
arc accessible to us, when the elasticity of the air is cor¬ 
rected on account of its density: and the result ot their ex¬ 
periments showed that the ditfr-rence of the logarithms of 
the heights of the mercury in the barometer, at two sta¬ 
tions, wlien multiplied by lOOtJO, is c<|ual to the altitude 
in English falhonis, of the one place above the other; that 
is, when the temperature of the air is about 31 or 32 de¬ 
grees of Fahrenheit's thermometer; and a certain quantity 
more or less, according as the actual temperature is dilTe- 
rcot from that degree. 

But it may here be showrl that the same rule can be de¬ 
duced independent of such a train of experiments os those 
above, and that from u single observation of the density of 
the air at the surface of the earth alone. Thus, let d dc-- 
note the density of the air at one place, and d the density 
at the other; both measured by the column of mercury 
in ibe barometrical tube: then ibe difTcrenco of altitude 
between the two places, will be proportionaL to the log. of 

D — the log. of d, or to the log. of Hut as this formula 

expresses only the relation between different altitudes, and 
not the absolute quantity of them, assume some indetermi¬ 
nate but constant quantity A, which multiplied into the 

expression log.may be equal to the real difference of 

altitude a, that is a = A x log. of Then, to determine 

the value of the general quantity A, let us take a case in 
which wc know the altitude a which corresponds to a known 
density d; as for instance, a = 1 foot, or 1 inch, or some 
such small altitude: then brcausc the density D may be 
iiu'asurcd by ihc pressure of the whole atmosphere, or the 
uniform column of 27600 feet, when the temperature is 


55®; therefore 2/600 feet will denote the deiisily i> :if ihe 
lower place, and 27399 Bie less density d at I loot abow 

it: consequently 1 = A x log. of which is nearly 

— /, X or —5— bv ihc naiurc of lo£arilhms; and 

hcncc we find A 63351 feel; which gives us this formula 
for any altitude a in general, viz, a 03331 x log# of j, 

or a=:6S351 » lo£. of - feet, or 10592 log. of *- fa*- 

thorns; where .m denotes the column of mercury in the 
lube at'the lower place, and m that at the upper. Tliis 
formula is adapted to the mean temperature of the air 55®; 
but it has been found, by ibe cxperimeius of bir Geo. 
Shuckburgh and General Roy, that for every degree of the 
thermonu ter, different from 55®, the altitude a will vary 
by its 435th pait; hence, if we would chang'- the factorA 
from !059‘2 to 10000, because tlic difference 592 is nearly 
the 18lh part of the whole factor 10592i or sufficiently so 
for all practical purposes, and 18 the 24th part of 435; 
therefore the change of temperature, answering to the 
change of the factor A, is 24®, which reduces the 55® to 

SI®. So that, a = 10000 » log. of - fathoms, is the ea¬ 
siest expression for the altitude, and answers to the tempe¬ 
rature of 31®, or very nearly the freezing point:,and for 
every degree above that, the result must be increased by so 
many times its 435lh part, and diminished when below it. 

From this theorem it follows, that, at the height of 3| 
miles, the density of the atmosphere is nearly 2 times rarer 
than it is at the surface of the earth; at the height of 7 
milt's, 4 limes rarer; and so on, according to the following 
table: 

Height in miles. Number of times ran;r. 

3i - - - - 2 

7 - - - - 4 

14 - - - - l6 

21 . - - - 64 

28 - - - - 256 

35 - - - “ 1024 

42 - - - - 4096 

4y . . - - - 16384 

56 - - - - 65536 

63 - - - 262144 

70 - - - 1048576 

And, by pursuing the calculations in this table, it might 
be easily shown, that a cubic inch of the air wc breathe 
would.be so much rarefied at the heightof 500 milcs> that 
it would fill a sphere equal in diameter to the orbit pf Sa¬ 
turn. 

Hence we may perceive how very soon the air becomes 
so extremely rare and light, as to be utterly imperceptible 
to ail experience; and that hcncc, if all the planets have 
such dtmospheres as our earth, they will, at the distances 
of the plauetsfrom one another, be soextremelyattenuated, 
as to give no sensible resistance to the planets in their mo. 
tion round the sun, for many, perhaps hundreds or thou¬ 
sands of ages to come. Even at the height of 50 miles, it 
is so rare as to have no sensible effect on the ray* of light: 
for it was found by Kepler, and Lahirc after him, who 
computed the height of the sensible atmosphere from Iho 
duration of twilight, and from the magnitude of the ter¬ 
restrial shadow in lunar eclipses, that the effect of the at'*- 
mospbere to reflect and intercept the light of the sun, is 
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only son<il»lc lo the altitiuie ol between 40 and 50 miles: 
nitd at dial altitude we may collect, from what has been 
already said, that the air is above lOOOO times rarer than 
at tlie surface of the earth. It is well known that the twi¬ 
light begins and ends when the centre of the sun is about 
IS degrees below the horiiton, or only 17® 27', by subtract¬ 
ing IS' lor refraction, which raises the sun so much litgher 
than he would be. And a ray coming from the sun in that 
position, and entering the earth’s atmosphere, is n-fracted 
nnd bent into a curve line in passing through it to the eye. 
M.Laliire took great pains to demonstrate, that, supposirtg 
the density of the atmosphere proportional to its weight, 
this curve is a cycloiil; he also says, that if the ray be-e 
t.iiigent to tlic atmosphere, at the point of impact, the di¬ 
ameter of its generating circle will be the height of the at¬ 
mosphere; and that Uiis diameter increases, till at last, 
when ihc rays arc perpendicular, it becomes inlinite, or the 
circle degenerates into a right line, This reasoning sup¬ 
poses that the refracting surface of the atmosphere is a 
plane; but since it is in reality a curve, he observes that 
these cycloids become in fact epicycloids. Herman how¬ 
ever detected the error of M. I.nhirc, and showed that this 
curve is inlinilcly c.xtendrd, nnd has an asymptote. And 
it is observed by Dr. Brook 'l aylor, in his Method. Incrcm. 
pa. ]6<S, &c, tliat this'curve is one of the most intricate 
and perplexed tliat can well be proposed. The sumo in¬ 
genious author also computes, that the refractive power of 
the air is to the force of gravity at the surface of the earth, 
&s 320 millions to 1. 

The extreme rarity of the atmosphere at considerable 
distances from the earth's surface, such as those of 40 or 
50 miles, bounding the production of twilight, has much 
perplexed philosophers in accounting for meteors which, 
whatever be their origin, whether electrical or otherwise, 
arc observed at a much greater elevation than that to 
which the refractive power of the ntmosphcrc extends. A 
very remarkable one of this kind was observed by Dr. 
Halley in the month of March altitude of which 

he computed at between 69 and 73} English miles ; its di¬ 
ameter 2800 yards, or more than a mile and a half; and 
its velocity about 350 miles in a minute. Others, ap¬ 
parently of ibc same kind, but whose altitude and velocity 
were still greater, have been observed; particularly that 
very remarkable one, of August IStb 1783, whose distance 
from the earth could not be less than 90 miles, and its di¬ 
ameter at least as largo as the former, while its velocity 
was certainly not less than lOOQ miles in a minute; Now, 
from analogy ohreasoning, it seems very probable, that 
the incleors which appear at such great heights in the air, 
are not essentially different from those which are seen on 
or near the surface of the earth. The difficulty with re¬ 
gard to the former is, that at ibo great heights above-men¬ 
tioned, the atmosphere ought not, according lo computa¬ 
tion, lo have any density sufficient to support' flame, or to 
propagate sound; and yet such meteors arc commonly 
succeeded by one explosion or more, and it is said are 
even sometimes accompanied with a hissing noise as they 
pass over our beads. The meteor of 1719 was not only 
very bright, seeming for a short time to turn night into 
day, but was attended with an explosion Uiat was heard 
over the whole island, of Britain, causing a violent con¬ 
cussion in the atmosphere, and scclning toshakc the earth 
itselfi and yet, in the regions iii which this meteor moved 
tite air ought to have been 300 thousand times rarer than 
the air we breathe, or 1000 times rarer than the vacuum 


commonly made by a good air-pump. Dr. Halley offen 
a conjecture, indeed, that the vast magnitude of such bo¬ 
dies might com|>eiisate for the thinness of the medium in 
which (hey moved. But appearances of this kind arc, by 
others, attributed to electricity; though the circumstances 
of them cannot well be reconciled to that cause ; for the 
meteors move with various dcgrccsof velocity; and though 
the electrical hre easily pervades the vacuum of an air- 
pump, yet it docs nut in that case appear in bright well- 
defined sparks, as in the open air, but rather in long 
streams resembling the aurora borealis; and from some 
late experiments it has been concluded that the electric 
fluid cannot even penetrate, or be apparent in a perfect 
vacuum. • 

Of the Refractive and Refiective Power tf the Atmo- 
8PIIERB. It has been observed above, that tltc atmosphere 
has a refractive power, by which the rays of li^t arc bent 
from the right-lined direction, as in the case of the twi¬ 
light; and many other experiments, manifest the same vir¬ 
tue, which is the cause of various phenomena. Alhazen, 
the Arabian, who lived about tlie year 1100, seems to have 
been more inquisitive into the nature of refraction that\for¬ 
mer writers. But neither Alhazen, nor his follower Vitellio 
were acquainted with its just quantity, nor was it known 
to any tolerable degree of exactness, before Tycho Brahe, 
with his accustomed diligence, settled this point. This 
celebrated philosopher however did not discover, nor in¬ 
deed did Kepler, in what manner the rays of light were 
refracted by the atmosphere. Tycho thought the refrac¬ 
tion was chiefly caused by dense s-apours, very near the 
earth's surface: while Kepler placed the cause wholly at 
the top of the atmosphere, which he thought was uniformly 
dense: and. thcncc be determined its altitude to be little 
more than that of Uic highest mountains. But the true 
constitution of the density of the atmosphere, deduced af¬ 
terwards from thcTorricellian experiment, adbrded a juster 
idea of these refractions, especially after it appeared, by 
a repetition of Mr. Lowthorp’s experiment, that the re¬ 
fractive power of the air is proportional to its density. By 
this variation in the density and refractive power of the air, 
a ray of light, in passing through the ntmosphere, is con¬ 
tinually refracted at every point, and thereby made to 
scribe a curve, and not a straight line, as it would have done 
were there no atmosphere,' or were its density uniform. 

The atmosphere has also a reflective power; and tli» 
power is the mcai)s by which objects arc enlightened to 
uniformly on all sides. The want of this power would 
occasion a strange alteration in the appearancoof things; 
the shadows of which would be so very dark, and their 
sides enlightened by tjic sun so very bright, that probably 
we could sec no more of them than their bright balt^; 
so that for a view of the other halves, wc must turn them 
half round; or if immoveable, must wait till the sun could 
come round upon them. Such a pellucid unrcflectivc at¬ 
mosphere would indeed 'have been very commodious for 
astronomical observations on the coursd of the sun and 
planets amdng the fixed stars, visible by day as well as by 
night; but then such a sudden transition from darkness 
to light, and from light to darkness, immediately on the 
rising and sotting of the sun, without any twilight, and 
even on turning to or from the sun at noon day, would 
have been very inconvenient and o6fensive to our eyes* 
However, though-the atmosphere be greatly assistant in 
the illumination of objects, yet it must also be observed 
that it Stops a gnmt deal of light By M. Bouguer's cx- 
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|>criment5, it sterns that the light of (he moon is often 2000 
times weaker in the hori^un» than at the altitude of 66 de¬ 
grees ; and that (he proportion of her light at the altitudes 
of 66 and 19 degrees, is about 3 (0 2; and the lights of 
the suii must bear the same proportion to each other at 
those heights; which Bouguer made choice oft as being 
the meridian heights of the sun, at the summer and winter 
solstjcc^s, in the latitude of Croisic in France. Smith's 
Optics, llem. the atmosphere of the sun, moon, 

ai^ planets, see the respective articles. » 

Atmosphere of Solid or Coiisiucni Bodies, i$ a kind of 
sphere formed by the ciQuvia, or mmute corpuscles, emit¬ 
ted from them. Mr. Boyle endeavours to show, that all 
bodies, even the hardest and most coherent, as gems, Ac, 
have their atmospheric 

Atmosphere, in Electricity, denotes that medium 
which is conceived to bo ditTused over the surface, as is 
generally supposed, of electrified bodies, and to somedi- 
stance around them, and consisting of effluvia issuing from 
them; by wliicb, other bodies immerged in it become en¬ 
dued with an electricity contrary to that of the body to 
which the atmosphere fc^longs. This was first noticed at 
a very early period in the history of this science by Otto 
Guericke, and aftenvards by the academicians del Cimenio, 
who contrived to render the electric atmosphere visible, by 
means of smoke attracted by and uniting itself with a piece 
of amber, and gently rising from it, but vanishing as the 
amber cooled. Dr. Franklin exhibited this electric atmo¬ 
sphere with greater advantage, by dropping ro^in on hot 
iron plates held under clecirided bodies, from which the 
smoke arose and encompassed the bodies, giving them a 
very beautiful appearance. But the theory of electric at¬ 
mospheres was not well explained and understood for a 
considerable rime; and the investigation led to many cu¬ 
rious experiments and observations. The experiments of 
Mr. Canton and Dr. Franklin prepared the way for the 
conclusion that was afterwards drawn from them by Mess, 
Wiickc and Epinus, though they retained tbc common opi¬ 
nion of electric atmospheres, and endeavoured to explain 
the phenomena by that means. The conclusion was, that 
the electric fluid, when there is a redundancy of it in atiy 
body, repels the electric fluid in any other body, when they 
arc brought within the sphere of each otbeFs influence, 
and drives it into the remote parts of the body, or quite out 
of it, if there be. any outlet for that purpose. 

By atmosphere, Epinus says, no more is to be under¬ 
stood than the sphere of action belonging to any body, or 
the neighbouring air ctectrifled by \u Sig. Bcccaria unites 
in the same opinion, that electrified bodies have no other 
atmosphere than the electricity communicated to tbc neigh¬ 
bouring air, and which goes with the air, and not with the 
electrified bodies. Mr. Canton also, having relinquished 
tbc opinion that electrical atmospheres were composed of 
effluvia from excited or electrified bodies, maintained that 
they only result from an alteration in the state of the elec¬ 
tric fluid contained in it, or belonging to the air surround¬ 
ing these bodies to a certain distance; for instance, that 
excited glau repels the electric fluid from it, and conse¬ 
quently beyond that distance makes it more dense; where¬ 
as excited wax attracts the electric fluid existing in the air 
nearer to it, making it.rarer than it was before. In the 
course of experiments that were performed on this occa¬ 
sion, Mess. Wilcke and Epinus succeeded in charging a 
plate of air, by suij>coding large boards of wood covered 
with tin, with tbc fiat sides parallel to one anotber, and at 
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some inches asunder: for they found, on cleclrifyinj 
one of the boar<is pobilivily, that the other was alwajs ne¬ 
gative ; and a shock wiis produced by forming a communi¬ 
cation bcuveen the upper and lower plates. Beccaria ha^ 
largely considered the subject of electric atmospheres, ni 
his Artificial Electricity, p. 175) Eng. edit. See 
Dr. Priestley's Hist, of Electricity, vol.ii. sect. 5; andCa- 
vailo's Electricity, p.24l. 

Atmosphere, ifc, is understood of the sphere 

within which the virtue of (he magnet, Ac, acts. 

Atmospheric Stones. Sec Aeroliths. 

Atmospheric Tides, certain periodical changes of 
the atmosphere, similar, in some respects, to tltosc of the 
ocean, and produced, in a great measure, by the sume 
causes. 

1'here are two kinds of motion in the atmosphere which 
come under this denomindti<in; the first is occasioned by 
tbc joint influence of the sun and moon on the body of air 
with which we arc surrounded, in tlicsame manner as they 
act upon the mass of water, and cause the flux and reflux 
of the ocean; the second is produced by the heat of tlie 
sun alone, which exerting upon the air its well known 
power of rarefaction and expansion, gives rise to those 
perpetual changes in the atmosphere, which follow him in 
hi$ course, though such changes are not altogether ob¬ 
servable or appreciable by us. The former of these arc 
termed by the Abbe ISIann attraction tides, and the latter 
heat tides. The tides of attractiun, like those of the ocean, 
and from the like grounds, have at the same time, at two 
opposite ends of the globe, projecting parts, and these lie 
almost in that line which might be drawn from the Centre 
of the earth t<» that of the moon. The heat (ides, on the 
other hand, can take place only on one point of the globe, 
that is, in the point to which the sun is vertical. Their 
projecting parts will be directed towards that luminary, 
and nearly follow it> movements. 

Bacon, and the most eminent philosophers who have 
since written on the wind, unanimously observe, that the 
periods of the year tno»t exposed to it are the two equi¬ 
noxes; that storms are most frequent at Aie times of new 
and full moon, and particularly those which happen near 
tbc equinoxes; that at periods otherwise calm, a small 
breeze always lakes place at high water; and thtit a small 
mo\cmentin theatmospliere is each time perceived a little 
after noon and midnight. 

For the investigation of this subject, the abbe lays down 
the following principles. J. The elasticity of fluids is in 
the inverse ratio of their density. 2. 'I'he force, or eiasti-^ 
city of the air^ expands and contracts itself in the direct ratio 
of the weight with which it is loaded, and diffuses itself iu 
Ihe inverse ratio of the force with w hich it is comprv^ssed* 
3. The air is rarefied, or diffuses itself, in the direct ratio of 
the quantity of heat which acts upon it. 4. The air, as 
well as all fluids in general, has a undency to put itself ia 
equilibrium, and does not rest ^iW it has obtained i(. 

Our limits preclude the possibility of following the 
abb4 in the application of these principles to the various 
phenomena of the subject in question; we therefore rcs 
commend to the attention of our readers the whole of his 
observations on Uie flux and reflux of the atmosphere, in¬ 
serted from the Brussels Trans* in Tilloch's Phil. Mag. 
vol. 5. In the 7th vol. of that work is a paper On a pe¬ 
riodical Variation of the Baromefer, &c, by Luke Howard, 
esq. to which w'c also refer; und conclude by noticing the 
observations made by lluiubolt near the equator; I have 
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nd,” says lu-, “ in ilK-Transactions of the Bengal Society, 
lliat the baromc-lcr rispos and falls tbcrc regularly every 24 
hours. Mere, in South America, ils motion is more ksIo- 
nibhing: there are four atmospherical tides every 24 hours, 
wliich depend only on the attraction of the sun ; the mer* 
cury falls front 9 o'clock in the morning till 4 in the after* 
noon; it rises from 4 till II o’clock ; it falls from II till 
lialf past 4 in the morning ; and reascends from that time 
till ‘lo’chick V neither winds, storms, nor earthquakes have 
any influence on this motion.” Sec farther Laplace, Ex¬ 
position du Systeinc <lu iMunde, liv. 4, ch.l2. 

ATOM, a particle of matter indivisible on account of 
its solidity, hardness, and impenetrability; which preclude 
all division, and lease no vacancy for the admission of any 
foreign force to separate it into parts. As atoms are the 
first matter, it is neCevsnry they should be indissolvabic, 
that they may be incorruptible. Newton adds. It is also 
rc(|uircd that they be immutable, that the world may con¬ 
tinue in the same state, and bodies be of the same nature 
nqw as formerly. 

ATOMICAL PHii.osorHY, or the doctrine of atoms, 
a system which accounted for the origin and formation pf 
things, from the hypothesis (hat atoms are endued with 
weight and motion. This philuso|)hy was tirst taught by 
Mosclius, some time before the Trojan war; but it was 
most cultivated by Epicurus; whence it is called the Epi- 
cuR’an philosophy. 

ATi’RACTION, or Attractive Power, a general 
term used to denote the cause, power, or principle, by 
which all bodies mutually tend towards each other, and 
cohere, till separated by some other power. Tiic laws, 
phenomena, !kC, of attraction, form the chief subject of 
Newton’s philosophy, being the principal agent of nature, 
in almost all her womlcrful operations. 

The principle of attraction, in the Newtonian sense of 
it, appears to have been first surmised by Coperiticus. 

“ As for gravity,” says he, “ I consider it as nothing more 
than a certain natural appetence {appchnlia) which (he 
Creator has impressed upon all the parts of matter, in or¬ 
der to their uniting or coak'seing into a globular form, for 
their better preservation; and it is probable that the same 
power is also inherent in the suo un<l moon, and planets, 
that those bodies may constantly retain that round form 
in which wcsce them.” De Rtrol. Oib. CaUsi. lib. i, cap.9* 
Kepler calls gravity a corporeal and mutual alfection be¬ 
tween similar bodies, in order to their union, yist. iVop. in 
Inlrod. And he pronounced more positively, that no bo¬ 
dies whatever Were absolutely light, but only relatively so; 
and confc(|ucntly that all matter was subjected to the 
power imd law of gravitation. lbi<L 

The first in this country who adopted the notion of at¬ 
traction was Dr. Gilbert, in his book De MnsiiteU: and 
the next was the celebrated Lord Bacon, in his Nop. Or¬ 
gan. lib. ii, apbor. 30, 45, 48. cent, i, c.xp. 3*3; ulso 

in bis treatise De Molu, particularly under the articles of 
the fhli and the 13th kinds of Motion. In Franco it was 
receivcil by Fermat and Rubcrval; and in Italy by Galileo 
and Borclli. 

But before Newton none appear to have had clearei' 
ideas of (he doctrine of universal gravitation, or to have 
approacin'd so ncartlic application of it to the laws of na¬ 
ture, as Dr. Hooke, 'riiis celebrated man, in his work, 
entitled “ All Attempt to prove the Motion of the Earth,” 
seems to have embraced it in nearly the whole of its gcr 
ncrality. The hypothesis on which the system of the world 
' .-4 
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is there explained, is grounded on the three following prin¬ 
ciples ; I. Tiiat all tlie celestial bodies have not only an 
attraction or gravitation towards their proper centres, but 
that they mutually attract each other within their spheie 
of activity. 2. That all bodies i\bich have a simple and 
direct motion, continue to move in a direct line, if some 
force which operates without ceasing does not constrain 
them to describe a circle, an ellipse, or some other more 
complicated curve. 3. Tliat attraction is so much the 
more powerful, as the attracting bodies are nearer to each 
other. Newton makes use of the word attraction, in com¬ 
mon with the school philosophers, but at the same time t 
very studiously distinguishes between the ideas. The an¬ 
cient attraction was conceived to be a kind of quality in¬ 
herent in certain bodies themselves, and arising Irom their 
particular or specific forms. But the Newtonian attrac¬ 
tion is u more indefinite principle ; denoting not uny par¬ 
ticular kind or mode of action ; nor the physical cause.of 
such action; but only a genera! tendency, a conatus ac- 
erdendi, to whatever cause, physical or metaphysical, such 
effect be owing; whether to a power inherent in the b<^ 
dit*s themselves, or to the impulse of an external agent. 
Accordingly, that author remarks, in his Philos. Nat. Prin. 
Math. “ that he uses the words attraction, impulse, and 
propension to the centre, indifferently; and cautions the 
reader not to imagine that by attraction he expresses the 
modus of the action, or ils efficient cause, as if there were 
any proper powers in the centres, which in reality are only 
inathcmaticiil points ; or as if centres could attract.” Lib. 
1, p. 5. So, he “ considers centripetal powers as attrac¬ 
tions; though, physically speaking, it were perhaps more 
just to call (hem impulses, lb. p. 147. He aihls, that 
whal he calls attraction may possibly be effected by 
impulse, though not a cumiiion or corporeal impulse, 
or after sunie other manner unknown to us.” Optics, 
p.322. 

Attraction, if considered ns a quality arising from the 
specific forms of bodies, ought, together with sympathy, 
antipathy, and the whole tribe of occult qualities, to be 
exploded. But when these are set aside, there will remain 
innumerable phenomena of nature, an*! piirliculariy the 
gravity or weight of bodies or Uieir tendency to a centre, 
that argue, a principle of action seemingly tlislincl from 
impulse; where, at least, there is no sensible impulsion 
concerned. Nay, what is more, this action, in some’re- 
spects, iliflcRi from all impulsion we know of; impulse 
being always found to act iii proportion to the surfaces of 
bodies; whereas gravity acts according to their solid cofr 
tent, and consequently it must arise from some cause (hat 
penetrates or pervades the whole-substance of (hem. This 
unknown principle, (we mean in respect of ils cause, for 
its pheiiomeim and effects arc most obvious, with all its 
species and modifications,) is called attraction; being a 
general name, under which may bo rangi-d all mutual ici^ 
dencies, where no physichl impulse appears, and which 
Consequently cannot be occouiited for on uny known 
laws of nature. 

And hence nrise divers particular kinds of attraction; 
as Gravity, Magnetism, Electricity,&c,xvbich arc so many 
diflferent principles, acting by dilTercut laws; and only 
agreeing in this, that we do nut perceive any physical 
causes of them: but that, as to our senses, they may really 
arise from some power or efficacy in such bodies, by wiiicb 
they arc enabled to act even upon distant bodies; though 
our reason absolutely dUallows of any such action. 
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Attraction may be divided, with respect to the law it 
observes^ into two kinds* 

1* That which extends to a sensible distance* As the 
attraction of gravity, which is found in all bodies; and the 
attractions of magnetism and electricity, found only in 
particular bodies. The several laws and phenomena of 
each, see under their respective articles. 

The attraction of gravity, callcti also among mathema* 
ticians the centripetal force, is one of the gr^mtest and most 
universal principles iu nature. Wc sev and fevd it operate 
on bodies near the earth, and find by observation that the 
same power (i. e. a power which acts in the same manner, 
and by the same rules, viz, always proportionally to the 
quantities of matter, and inversely as the squares of the di* 
sutnees) do<^s also obtain in the moon,and the other planets, 
both primary and secondary, as well as in the comets; and 
oven that this is the very power by wbicli they arc all n*- 
tained in their orbits, dec. And hence, as gravity is found 
in all tile bodices which come under our observation, it is 
easily iiilerrcd, by one of the established rules of philoso¬ 
phising, that it obtains in all others. And since it is found 
to be proportional to thequantity of matter in any body*, it 
must exist in every particle of it; and hence it is proved 
that every particle in nature attracts every other particle. 

From this attraction arises all the motion, and constv 
quently all the inutation, in the universe. By this heavy 
bodies descend, and light ones arc made to ascend: by this 
also projectiles arc directed, vapours and,exhalations rise, 
and rain, 6cc* fall: also from tbc same cause fivers glide, 
the ocean i\mls, the air presses, In short, the motions 
and forces arising from thisprinciple,constitutcthe subject of 
that extensive branch of mathematics, called mechanics or 
statics, with the parts or appcndagi-s of it, as hydrostatics, 
pneumatics, hydraulics, &c. 

2. That which docs not exU*nd to sensible distances. 
Such is found to obtain in the minute particles of which 
bodies are composed, altractingcacb other at or extremely 
near the point of contact, with forces often much supe* 
rior to that of gravity, but which at any distance decrease 
much fiister than the power of gravity. This |>owcr is gev 
ncruUy called the attraction of cohe^on, as bang that by 
which the atoms or ir^scnstble particles of bodies are united 
into sensible masses. 

This latter kind of attraction claims Sir Isaac Newton 
for its discoverer; as tbc former docs for its improver. The 
^ laws of motion, percussion, jec, in sensible bmlies, under 
various circumstances, as falling, projected, &c, ascertain* 
ed by the later pbilosophers, do not reach those more re* 
cluse, intestine motions in the component,particles of tbc 
same bodies, on which the changes of the texture, colour, 
properties, &c, depend. So that our philosophy,if it were 
only founded on the principle of gravitation, and even car* 
ried as far as this would lead us, would still be deficient. 

But besides the common laws of sensible masses, tbc mi* 
nutc parts they arc composed of arc found subjccc to some 
others, which have but lately been noticed, and arc even 
yet imperfectly known. Newton himself, to whoK* happy 
penetration wc owe the bint, is satisfied with establishing 
that there arc such motions in the minima naturae, and that 
they flow from certain powera or forced, not reducible to 
any of those in the great world. He shows that, by virtue 
of these powers, “ the small particles act on one another 
even at a distance; and that many of the phenomena of 
nature result from this action. Sensible bodies, wc have 
already observed, act on one another several ways} and as 
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tve thus perceive the lenorand course of nafure, it appears 
highly probable thnl tliere may bo other powcn» of the like 
kind ; naiuro Ik* i rig always uniform and consilient with 
herself. Those just mentioned»reach to sensible distanci^s, 
and by that means have been observed by vulgar eyes; but 
there may be others wliicli re.icli to such small distances 
a$ have hitherto escaped observation; urui it is probable 
electricity may reach to such distances, cx'n wjtlioul be¬ 
ing excited by friction." 

The great author just mentioned procc-cds to confirm 
the reality of thcic suspicions by a gri at iiumlxT of phe¬ 
nomena and experiments, which plainly argue sue h powe rs 
and actions betwevn the particles, for example of salts and 
water, oil of vitriol and water, aquafortis and iron, >pinr 
of vitriol and saltpetre, and roost other chemical opei<k- 
tions. He also shows, that tht*sc powei's,are unequally 
strong between dilTereul bodice; stronger, for instance, be* 
iween the particles of salt of tartar ami those of aqua¬ 
fortis than those of silver, bctsvei^ii aquafortis and lapis 
calaininuris than iron, between iron and copix^r 
than silver or mercury. Thus spirit of vitriol acts on 
water, but more on iron or copper, Ccc. And the other 
cx]>criments are iimumcTublc which countenance the ex¬ 
istence of such principle of attraction in the particles of 
matter. 

Ihcsc actions, by virtue of which the particles of tbc 
bodies above-mentioned tend towards each other, the au¬ 
thor calls by a general iridcfinitc name, attraction ; a name 
equally apfilicable to all actions liy which distant bo<iics 
tend towar<ls each othiT, whether by impulse*, or by any 
other more latent power: and lit nee ho accounts for uii 
infinity of phenomena which would be otherwise incxpli* 
cable from the principle of gravity. 

'1 bus," adds Newton, w ill nature be found very con¬ 
formable to herself, and very simple; performing all the 
great motions of tlie heavenly bodies by the attraction of 
gravity, which intercedes those b«>dies, and almost all the 
Hinail ones and their constituent parts, by some other al- 
tnictivc power diflusid tlirougU their particles. Without 
such principles, there could have been no such thing aa 
motion; and without the continuance of it, motion would 
soon perish, there being otherwise a great decrease or di¬ 
minution of it, which is only supplied by these active prin* 
cipics/* 

It need not be said bow unjust it was, in the generality 
of foreign philosophers, to declare against a principle which 
furnishes so beautiful a view, for no other reason but be* 
cause they could not conceive bow one U>dy should act 
on another at a distance, h is indeed true, that philoso¬ 
phy allows of no action but what is by immediate contact 
and impulsion; for how can a body exert any active power 
where it does not exist ) Yet wc sec effects, without per¬ 
ceiving any such impulse; and where effects arc obsen'cd, 
there must exist causes, whether we perceive them or nut. 
But we may contemplate such oflccts, without entering into 
the consideration of the causes, as indeed it seems the bu¬ 
siness of a philosopher (o ^o: for to exclude a number of 
phenomena which wo see, would be to leave a great chasm 
in the history of nature; and to argue about actions which 
wc do not scc^ would bo to raise castles in the air. It fol¬ 
lows therefore, that the phenomena of attraction arc mat¬ 
ter of physical consideration, and as such entitled to a 
share in the system of physics; but that their causes will 
only become so when they become sensible, that is when 
they appear to be the effect of some other higher causes; 
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for 8 caiijic is no oihi-rwiic seen than as itself is an effect, 
80 that the first cause must needs be always invisible; we 
are therefore at liberty to suppose the causes of attractions 
what we please, without any injury to the etiVets. The il¬ 
lustrious author himself seems to be a little indetermined 
as to the cauM“s ; inclining sometimes to attribute gravity 
to the action of an immaterial cause (Optics, p. 343, &c.) 
and sometimes to that of a material one, Ib. p. 3‘25. 

In his philosophy, the research into causes is the last 
thing, niid never comes under consideration till the laws 
nod phenomena of the effect be settled; it being to these 
phenomena that the cause is to be accommodated. The 
cause even of any, the grossest and most sensible action, is 
not adequately known. How impulse or percussion itself 
produces its etfects, that is, how motion is communicated 
from one body to another, or by what agency it is conti¬ 
nued after it is communicated, confounds the deepest phi¬ 
losophers. Yet impulse is received not only into philoso¬ 
phy, but into mathematics; and accordingly the laws and 
plienoinciiH of its effects make the chief part of common 
mechanics. 

The other species of attraction, therefore, in which no 
. impulse is observable, when their phenomena are suffi¬ 
ciently asceruiined, have the same title to be promoted 
from physical to mathematical consideration; and this 
without any previous inquiry into their causes, to which 
our conceptions may not be proportionate. 

Our great philosopher, then, far from adulterating sci¬ 
ence with any thing foreign or metaphysical, as many have 
reproached him with rluing,has the glory of having thrown 
every thing of this kind out of bis system, and of having 
opened a new source of ntorc sublime mechanics, which, 
duly cultivated, might be of far greater extent than all the 
mechanics yet known: it is hence therefore that we must 
expect to learn the manner of the changes, productions, 
generations, corruptions, dec, of natural things; tvilli all 
that scene of wonders opened to us by the operations of 
chemistry. 

Slime of our own countrymen have prosecuted the dis¬ 
covery with laudable zeal. Dr. Keil particularly has en¬ 
deavoured to deduce some of the laws of this new action, 
and applied them in resolving several of the more general 
phenomena of matter, as cohesion, fluidity^ elasticity, soft¬ 
ness, fermentation, coagulation, &c: and Dr. Freiud, se¬ 
conding his endeavours, has made a farther application of 
the same principles, to account for almost all the pheno¬ 
mena that chemistry presents. So that some philosophers 
are jnclincd to think that the new mechanics should seem 
^ already raised to a complete science, and that nothing now 
can occur but what we have an immediate solution of, 
from the principles of attractive forces. 

But this seems a little too precipitate: a principle so 
fertile should have been further cxplaiucd ; its particular 
laws, limits, &c, more industriously detected and laid 
down, before wo had proceeded to the application. At¬ 
traction in the gross is.su complex a thing, that it may 
solve a thousand different phenomena alike. The notion 
is but one degree more simple and precise than action it¬ 
self; and, till its properties be more fully ascertained, it 
were better to apply it less, and'study it more. It may 
be added, that some of Newton’s followers have been 
charged with falling into that error which he industrials- 
ly avoided, viz, of considering attraction as a caus^or 
active property in bodies, not merely as a phenomenon or 
irffect. 


Certain attempts have lately been made to a.ssigrt the 
probable or possible cause of gravitation, but too absurd 
to merit more particular notice. ' 

For the laws, properties, Ate, of the different kinds of 
attraction, sec their particular articles, Cohesion, Gra¬ 
vity, Macn etism, &c. 

Attraction, (knire qf. See Centre of Atiraction. 

Attraction qf Mountaim. This is but a late disco¬ 
very, and roust be esteemed a complete confirmation of the 
Newtonian theory of universal gravitation. According to 
that system, an attractive power is exerted, not only be¬ 
tween tliose large masses of matter the sun and planets, 
but likewise between all comparatively smaller bodies, 
and even between the smallest particles that compose them. 
Agreeably to this hypothesis, a heavy body, which gravi¬ 
tates or tends toward the centre of the earth, ought like¬ 
wise, though in a less degree, to be attracted and to tend 
laterally towards a neighbouring mountain on the earth's 
surface. So that, a plumb-line, for instance, of a quad¬ 
rant, hanging near such a mountain, ought to be drawn a 
little aside, from the perpendicular direction, in conse¬ 
quence of the attractive power of the quantity of matter, 
of which it is composed, acting in adirection different from 
that exerted by the whole mass of matter in the earth, and 
with a proportionally inferior degree of force. 

Though Sir Isaac Newton had long ago hinted at an ex- 
perhnent of this kind, and had remarked, that “a moun¬ 
tain of an hemispherical figure, 3 miles high, and 6 broad, 
would not by its attraction draw the plumb-line 3 mi¬ 
nutes out of the perpendicular;” yet no-attempt to ascer¬ 
tain this matter by actual experiment was made, till about 
the year 1738; when the French academicians, particu¬ 
larly Messrs. Bougucr and Condamine, who were sent to 
Peru to measure a degree of the meridian at the equator, 
attempted to discover the attractive power of Cbimborafo, 
a mountain in the province of Quito. According to their 
observations, made under unfavourable circumstances, 
that mountain exerted an attraction equal to 8". Though 
this e.vpcrimcnt was not perhaps sufficient to prove satis¬ 
factorily even the.reality of an attraction, much less the 
precise quantity, of it; yet it docs nut appear that any 
steps had been since taken to repeat it. 

in the year 1772, the astronomer royal. Dr. Maskclync, 
made a proposal for this purpose to the Royal Society: 
and in 1774, he was deputed to make the trial, accom¬ 
panied with proper assistants, and provided with accurate 
instruments. The mountain Schchallien, situated nearly 
in the centre of Scotland, was chosen as the must proper 
then found in this island. The observations were made by 
observing the meridian zenith distances of some fixed stan 
near the zenith, by means of a zenith sector of 10 feet ra¬ 
dius ; first on the south, and then on the north side of the 
hill, the greatest length of which was considerably extend¬ 
ed in the cast and west direction. 

It is plain, that if the mass of matter in the hill should 
exert any sensible attraction, it would cause the plumb- 
line of the sector, through -which the observer viewed a 
star in the meridian, to deviate from its perpendicular si¬ 
tuation, and would attract it contrarywise at the two op¬ 
posite stations, thus doubling the effect. On the south side 
the plummet would be drawn to the northward, by the 
attractive power of the hill placed on the north side of it; 
and on the north side, a contrary and equal deflection of the 
plummet would take place, by the like atlreotion of the 
hill, now to the southward o^ it* The apparent aepilk di- 
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stances of the stars must be afTccted contrarj'wise; those 
being increased at the one station, which were diminished 
at the other; and the correspondent quantities of the (ie* 
flection of the plurab-liue must give the observer the sum 
of the contrary attractions of the hill, acting on the plum* 
met at the two stations; and the half of which will of 
course indicate the attractive power of the hilL 

The various operations requisite for this experiment 
lasted about 4 months; and from Ibem it appears, that 
the sum of the two contrary attractions of the hill, in the 
two temporary observatories, which were successively fixed 
half way up the hill (where however the effect of the at« 
traction would not be the greatest), was found to be J 
the half of which therefore, or 5"'8, is the mean attraction 
of the mountain, at that height. 

The inferences drawn from these experiments may be 
reduced to the following: 

1. It appears that the* mountain Schehallien exerts a 
sensible attraction; therefore, by the rules of philosophic 
sing, we arc to conclude, that every mountain, and indeed 
every particle of the earth, is endued with the same pro* 
perty, in proportion to its quaniity of matter. ^ 

2. The law of the variation of this force, in the in- 
versts ratio of the squares of the distances, as laid down 
by Sir Isaac Newton, is also confirmed by this experiment 
For, if the force of attraction of the hill, had been only 
to that of the earth, as the matter in the hill is to that in 
the earth, and had not been greatly increased by the near 
approach to its centre, the attraction of it must have been 
wholly insensible. But now, by only supposing the mean 
density of the earth to be double of that in the hill, which 
iC(*ms very probable from other considerations, the attrac¬ 
tion of the hill will be reconciled to thcgoncrai law of the 
variation of attraction; in the inverse duplicate ratio of the 
distances, as deduced by Sir Isaac Newton from the com¬ 
parison of the motion of the heavenly bodies, with the force 
of gravity at the surface of the earth; and the analogy of 
nature will be preserved. 

S. We may now therefore be allowed to admit this 
law, and to acknowledge^ that the mean density of the 
earth is about double of that at the surface; and conse¬ 
quently that the density of the internal parts of the earth, 
is much greater than near the surface. Hence also, the 
whole quantity of matter in the earth, will be at least as 
great again, as if it bad been all composed of matter of the 
same density with'that at the surface; or will be about 4 
or 5 times as great as if it were all composed of water. This 
conclusion is totally contrary to the hypoUicsis of some 
naturalists, who suppose the earth to be only a large hol¬ 
low shell of matter; supporting itself from the property 
of anarch, with an immense vacuity in the midst of it. 
But, were that the case, the attraction of mountains, and 
even smaller inequalities in the earth's surface, would be 
very great, contrary to experiment, and would affect the 
measures of the degrees of the meridian much more than 
wc find they do; and the variation of gravity, in different 
latitudes, in going from the equator to the poles, as found 
by pendulums, would not be near so u^gular as experiments 
have shown it to be. 

4. As mountains are, by these experiments, found capa¬ 
ble of producing sensible deflections in the plumb-lines of 
^tronomical ipstruments; it becomes a matter of great 
importance, in the mensuration of meridional degrees, ci¬ 
ther to choose places where the irregular attractions of the 
elevated putts may be small; or where, by their siloatiuo, 
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they may compensate or counteract each other's cfl<*cb. 
Soo Philos. Tran^?. vol. 65; or my Abridg. vol. 13, p. 702. 

Ik^ides what is above related of this grand expcTiment, 
a?)d its results, as it was necessary, so a great deal more 
was done, than what yet app^^ars by that account. For, 
though the experiment bbow<*d the quantity of deviation 
in the plumb-bnc, from its <lue position, to be and 

thereby proved the fact of the unhersal attraction or gra¬ 
vitation of matter, yet this was all that it proved ; for as 
to the mean density of the w hole matter in the earth, as 
above noticed, much more remained to be done, wliat is 
there said having been partly from anticipation by a near 
guess, or rather from the results of accunite calculations 
which 1 was at that very time employ<.xl in making, and 
which results 1 was in the habit of communicating to Dr. 
Alaskelyne, while be was composing bis account of the ex- 
^*riment. in fact, to deduce from the experiment the 
real mean density of the earth, was, from the first projiXt- 
ing of the experiment, coirsidercd as a very important part 
of the business; and in order to this, it w'us necessary to 
procure a very minute aud correct survey and'measure¬ 
ment of the mountain, from which to calculate theoreti¬ 
cally the effect of the attraction of every particle of matter 
contained in its composition. Accordingly, Dr. Maske- 
lyne, with his assistants, made accurate measurements of 
the hill, with numerous sections, both horizontal and ver¬ 
tical ; by means of which, an exact model of it could l>e 
made, and the distance and position of every point in it 
could be asccrtHined. This survey Dr. M. brought to the 
commiltc'e of the K. See. along w itli the observations of 
the plumb-line before mentioned; but he declined under¬ 
taking the hiboriuns calculations of the attractions of the 
matter in the hill, which wore necessary to show the real 
mean density of the earth ; calculations which wguld pro* 
bably occupy four times as much labour and time as bad 
been employed in making the experiment and survey. 

Accordingly, at the request of the Royal Society, I un¬ 
dertook this Arduous task, and, after about a year’s labour, 
delivered to that body an account of iny computations and 
results,whiciigaveunivcrsal satisfaction; which account was 
printed in the 68th volume of the Philos. Trans. It has 
also been printed at largo in the 2d volume of my Tracts, 
where it is proved that the mean density of the whole earth 
is near 5 times the density of water, or alpiost double the 
density of the rocks near the earth's surfaci*. 

AITRITION, the striking or rubbing of bodies tigainst . 
one another, so os to throw off some of their superficial 
particles: such as the grinding and polishing of bodies. 
Or simply tbc act of rubbing: as when amber and other 
electric bodies are rubbed, to make them attract, or emit 
their electric force. 

ATWOOD (GEORoe) F. R. S. a celebrated routhemati- 
cian and philosopher, waseducated at Westminster school; 
after wliich he studied at Trinity collie, Cambridge, 
where he was afterwards for some time a tutor, and many 
years fellow of that college. Ho was very celebrated also 
for his courses of lectures, on several branches of experi¬ 
mental philosophy, which he read in the university, with 
neat illustrations by means of a large and excellent col¬ 
lection of instruments; several of which were of his own 
'contrivance; particularly a very ingenious one, exhibiting 
the theories rejecting the rectilinear motion of bodies 
which arc acted on by constant forces. Uf these leciuresi 
he published a very neat Syllabus; also, in 1784, he pub¬ 
lished, io one large volume in 8vo, A Treatise on the Rve- 
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(ilincar Motion and Rotation of Bodies : ft learned and in¬ 
genious work, but not treated in the most simple and per¬ 
spicuous manner. Mr. A. communicated some learned 
and ingenious p.ipcrs to the Royal Society, which were 
printed in their Transactions : viz, l.On the Mensuration 
ofa ceil.'im Angle. 2.On the Times of V'ibration of Watch 
Balances. 3. 'I'lio Theory of Floating Bodies. 4. The 
Stability of Ships: all of them in some degree liable to 
tlie like imputation with the foregoing; as well as the two 
Tracts on the subject of Arches and Bridges, in 1801 and 
1804; to him apparently a new study; as most of the pro¬ 
perties which occurred to him, though common and well 
known to other writers, he unfortunately fancied to be 
new discoveries. The whole composition being indeed 
strongly indicative of the feeble state of body and mind, in 
which Mr. A. had lingered during some years before his 

death; which happened in 1807, at 6'2 years of age.- 

'I'he late minister, Mr. Bitt, having been one of Air. A's 
auditors at Cambridge, gave him, in 1784, it is said, a si¬ 
necure place of 500/. a-ycar, which he enjoyed during the 
remainder of his life. It is also said, that the same mini¬ 
ster employed him in financial calculations for the public 
service, in the latter years of his life, till such time as the 
declining state of his health rendered him incapable of se¬ 
vere application. 

Avant-Foss, or Ditch of the Counterscarp, in Fortifi¬ 
cation, is a wet ditch surrounding the counterscarp, on 
the outer side, next to the Country, at the foot of the gla¬ 
cis. It would not be proper to have such a ditch if it 
could he laid dry, as it would then serve as a lodgment 
for the enemy. 

AVENPACE, a philosopher among the Saracens that 
invaded Spain, who flourished in the 12th century, and 
was a follower of Aristotle. He wrote a commentary on 
Euclid, as well as philosophical and theological epistles. 
He was also intimately conversant with the Peripatetic 
philosophy, and applied it to the illustration of the Isla¬ 
mic system of theology, and to the explanation of the Ko¬ 
ran ; and on this account he was suspected of heresy, and 
thrown into prison at Corduba. It is said that he was 
poisoned at Fez, in the year of the Hegira 533, A. D. 
1138 5 or according to others, 525, ^A. D. 1130. 

Avcrhoes, or Aben-Roes, a very subtile Arabian 
philosopher, who fiourisbed about the end of the 11th 
century, when the Moors had possession of part of Spain. 
He was the son of the high priest and chief judge of Cor¬ 
duba or Cordova in Spain j but educated in the university 
of Morocco, where he was professor, and where he died in 
1206, having there studied natural philosophy, medicine, 
mathematics, law, and divinity. After the death of his fa¬ 
ther, he enjoyed his posts in Spain, to which was after- 
war^ added that of judge of Morocco and Mauritania, 
where having settled deputies, ho returned to his duty in 
•Spain. Notwithstanding he was very rich, and had a 
large income, bis liberality to men of letters in necessity, 
whether they were his friends or bis enemies, kept him al¬ 
ways in debt. Ho was afterwards deprived of these moans 
of emolument, and thrown into prison for heresy, by the' 
vile instigations of his enemies; but the oppressions of the 
judge who succeeded him, caused him to be restored to 
his former employments. 

This philosopher has been highly celebYated for his per¬ 
sonal virtues. Such was his temperance, that he partook 
only once a day of the plainest food. In'bis application, 
he was unremitting and iodciatigablc; allowing himself 


no Ollier recreation in the counc of the day than the 
change of several literary occupations, for those of poetry 
or history, and spending whole nights in study. In the 
c.xercisc of forbearance, meekness, and self-command, be 
was signally exemplary. When a servant employed by an 
enemy intruded upon him in one of bis public lectures, 
and whispered some abusive language, Averrocs, with per¬ 
fect self-possession, turned round to liiin, and said, “Well, 
welland proceeded with his businm. This servant 
waited on him next day to implore his pardon for the in¬ 
sult he had offered him. “ God forgive thee," said Aver- 
rocs, “ thou hast publicly shown me to be a patient man; 
and as for thine injury, it is not worthy of notice." He 
then gave him money, and dismissed him with this admoni¬ 
tion; “ What thou hast done to me, do not to another.” 
He was extremely fond of the works of Aristotle, and 
wrote commentaries upon them; whence he was styled 
ihe Commenlator, by way of eminence. He also wrote 
many other pieces; among which is a work on the Whole 
Art of Physic ; an Epitome of Plolcm/s Almagest, which 
Vossius dates about the year 1149; a Treatise of 
Astrology, which was translated into Hebrew by R. Jacob 
Ben Suinson, and said to be extant in the French regal li¬ 
brary. He likeivise wrote several poems, and many ama¬ 
tory verses, hut these last he destroyed when he grew old. 
His other poems arc lost, except a small piece, in which 
he says, “ that when he was young, be acted against his 
reason; but that when he was in years, he followed its 
dictates;” upon which he utters this wish, “Would to 
God I had been born old, and that in my youth 1 had 
been in a state of perfection!" As to religion, his opt* 
nions were, that Christianity is absurd; Judaism, the re¬ 
ligion of children; Mahometanism, the religion of swine. 

AVICENA, AtiCBNME, or AtiCBNES, an eminent 
writer, who has been accounted the prince of Ambian phi¬ 
losophers and physicians. He was born at Assena, near 
Dokhai^ in 978; and died at Hamadan in 1036, being 58 
years of age. 

The fust years of Avicena were employed on the study 
of the Belles Lettres and the Koran, and at ten years of 
age he was perfect master of the hidden senses of that 
book. Then applying to those of logic, philosophy, and 
mathematics, ne made a rapid progress. After studying 
under a master the first principles of logic, and the fint 5 
or 6 propositions of Euclid's elements, he became disgust¬ 
ed with the slow manner of the schools, applied himself 
alone, and soon accomplished all the rest by the help of 
the commentators only. 

Possessed with an extreme avidity to be acquainted 
with all the sciences, he studied medicine also. Persuaded 
that this art consists as much in practice as in theory, he 
sought all opportunities of seeing the sick; and afterwards 
confessed that be hhd learnt more from such experience 
than from all the books he had read. Being now in his 
16th year, and already celebrated for being the light of 
his age, he determined to resume his studies of philoso¬ 
phy, which medicine, &c, had made him for some time 
neglect: he spent a year and a half in this painful indus¬ 
try, without ever sleeping a whole night together. At the 
age of 21, he conceived the bold design of incorporating, 
in one work, all the objects of human knowledge; which 
he carried into execution in an Encyclopedia of 20 vo¬ 
lumes, to which he'gave the tide of the Utility of Utilities. 

Many wonderful stories are related of his skill in medi¬ 
cine, and the cures which he performed. Several princes 
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liad been taken dangerously ill, and Avicencs was the only 
one that could discover the cause of their disorders and 
the mode of curing them. His reputation increased daily, 
and all the princes of the East desired to retain him in 
their families, and in fact be passed through several of 
them. But the irregularities of his conduct sometimes 
lost him their favour, and threw him into great distresses. 
His excesses in pleasures, and his infirmities, made n poet 
say, who wrote his epitaph, that the profound study of 
philosophy had not (aught him good morals, nor that of' 
medicine the art of preserving his own health. 

After his death however, he enjoyed so great a reputa¬ 
tion, that till the 12th century bis works of philosophy 
and medicine were preferred to those of all his prcdccos* 
SOTS. Even in Europe bis works were the only writings in 
vogue in the.schools. They were very numerous, and va¬ 
rious, the titles of which are as follow : 1. Of the Utility 
and Advantage of the Sciences, in 20 books.—2. Of In¬ 
nocence and Criminality, 2 books*—S. Of Health and Re- 
medicos, 18 books.—4. On the Means of preserving Health, 
3 books.—5. Canons of Physic, 14 books.—6. On Astro- 
uoniical Observations, 1 book.—7* On Mathematical Sci¬ 
ences*—8. Of Theorems, or Mathematical and Theologi¬ 
cal Dcfiionstrations, I book.—9. On the Arabic Language, 
and its Properties, 10 books.—10. On the Last Judgment. 
—11. On the Origin of the Soul, and the Resurrection of 
Bodies.—12. On the end wc should propose to ourselves 
in Harangued and Philosophical Argumentations.—13* 
Demonstration of the Collateral Lines in the Sphere—14. 
Abridgment of Euciidw—15. Oh Fiiiity and Infinity.— 16 \ 
Oil Physics and Mvtaphysic^.—17* On Animals and Ve¬ 
getables, &c.—18. Encyclopedia, 20 volumes. 

AUOUS'P, the 6th ntontb of the year, containing 31 
days. In the ancient Roman calendar it* was called seiii^ 
liSf as being (hch'th inohth from March, with which their 
year began; but changed to its present name by the em¬ 
peror Augustus, who gave it his own name on account of 
his having obtained many victories and honours in that 
month. 

AVOIRDUPOIS Wtighi^ a weight used in England for 
weighing all tlic larger and coarser kinds of goods; as 
groceries, cheese, butter, fle^h, wool, salt, hops, &c, and 
all metals except gold and silver. Avoirdupois weight is 
thus divided, viz. 

16* dr. or drams make 1 ounce, marked oz. 


]6 oz. - - • • • 1 pound, - • /A. 

112 lb. - - » • 1 hundred weight, cte/. 

20 cwt. - - - • 1 toji - - • / 


The Avoirdupois ounce is less than the Troy ounce, in the 
proportion of 700 to 76*8, but the Avoirdupois pound is 
greater than ibc Troy pound in the proportion of 700 to 
57C; * 

for 1 lb Ayoird. is s 7000 grains Troy, 
but 1 HvTroy is =: 5760 grains Troy, 
also I oz Avurrd. ia ss 4374 grains Troy, 
and 1 oz Troy is ss 480 grains Troy. 

AURIGA, tlic IKageoner, a constellation in the* nor¬ 
thern hemisphere, consisting of 14 stars in Ptolemy's ca¬ 
talogue; but in Tycho's,27; in Hevelius's, 40; and in (he 
Britannic catalogue, 66, 

This is one of the 48 old asterisms, mentioned by all the 
most ancient astronomers. It is represented by the figure 
uf an old man, in posture somewhat lik^ sitting, with a 
goat and her kids in Iiis left band, and a bridle in his right. 

AURORA, tU morning iwUight; or that fuint light 


which appears in the morning when the sun is wiihiji 15 
degrees of the horizon. 

AURORA BOREALIS, Northern Light, or S/rca»<- 
<rs; a kind of meteor appearing in the northern part ol 
the heavens, mostly in the winter season, and in frosty 
weather. It is u^uully of a leddish colour, inclining to 
yellow*, and sends out frequent coruscations of pale light, 
which seeiD to rise from the Imrizon in a pyramidical un¬ 
dulating form, and shooting with great velocity up to the 
zenith. It appears often in form of uii arch, which is 
partly bright, and partly dark, but generally transparent. 
And (he matter of it is not found to have any ctTect on the 
rays of light, w hich pass freely through it. Dr. Hamil¬ 
ton observe^, that be could plainly discern the smallest 
speck in the Pleiades through the density of those clouds 
w*iuch formed part of the Aurora borealis in 1763, with¬ 
out the least diminution of its splendour, or increase of 
twinkling. Philos. Essays, p. 106. 

Sumotimes it produces an Iris. Hence M. Godin judges, 
that most of the extraordinary iirctcors and phenomena in 
the skies, related as prodigies by historians, as battles and 
the like., may probably enough be reduced to the class of 
Aurorx Boreales. Hist. Acad. K. Scienc. for 1762, p. 405. 

This kind of meteor never appears near the equator; but 
it seems is frequent enough towards the south pole, like as 
towards the north, having been observed there by voyagers. 
Six* Philos. Trans. No. 461, and vo1. 54; also Forster^s ac¬ 
count uf bis voyage round the world with Captain Cook, 
where he di*scriU*» their appearance as observed for se\cral 
nights together, in sharp frosty weather, which was much 
the same us those observed in the not ih, excepting that they 
were of a lighter colour. 

In the Shetland Isles th(*sc phenomena are the constant 
attendants of clear evenings, and afibrd great relief to the 
inhubiuutts among the gloom of the long winter nights: 
(hey are culled there thofi/crry dancers. The same kind of ap¬ 
pearances are also seen in Utc northern latitudes of Sweden 
and laiplaud, where they are particularly beautiful, and 
afford light (o travellers during the whole night In Hud¬ 
son's Bay the aurora borealis cliffuscj a variegated splen¬ 
dour, which is said lo equal that of the full moon. In the 
north-eastern parts of Siberia, according to (be description 
ofGmelin (Uciscdurch Siberien, vol. 3, p. 135} ciuxl and 
translated by Dr. Blagden (Phil. Trans, vol. 74, pa. 228) 
those northern lights arc observed to begin with single 
bright pillars, rising in the north, and almost at (he same 
time in the north-east, which, grailually increasing, com- 
]>rchcnd a lur^ space of the heavens, rush about from place 
to place with incredible velocity, and tinally almost cover 
the whole sky up to the zenith, producing an appearance 
as if a vast tent wore expanded in the heavens, glittering 
with gold, rubi^, and sapphire. . A mure beautiful spec¬ 
tacle cannot be {tinted; but whoever should see such a 
northent light for the 6rst time, could not behold it with¬ 
out terror. Fur, however grand (he illumination may ap¬ 
pear, it is attended, os i have Icaint from the relation of 
many persons, with as much hissing, cracking, and tumult, 
as if (he largest firo-works were playing off. To describe 
what (bey then hear, (hey make use of the expression 
** spolochi, chodjat/' (hat is, the raging heat is passing. 
The hunters who puisue the white and blue foxes in the 
confines of the icy sea, are often overtaken in their courses 
by these northern lights; their dogs arc then so much 
frightened, that they will not move, but lie obstinately on 
the ground till the noise has passed. Commonly clear and 
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calm wcaflior follows ihis kind of molcor. I have heard 
this account, not from one pereon only, but confirmed by 
the unifoiin fesiimcmy of many, who have spent part of 
several yean in these very nnrthcni regions, and inhabited 
difl'ereiu countries, from the Yenisei to the Lena; so that no 
doubt of its truth can remain. This seems, indeed, to Ik* 
the real birth-place of the aurora borealis. 

It si^ms that meteors of this kind have appeared some- 
tim<“s more frequently than others. They were so rare in 
Kiigland, or else so little regarded, that none are recordr il 
in our annals since that remarkable otic of Nos. 14, 1574, 
till the surprising aurora borealis of March 6, 17 ih'. which 
appean‘d for three nights successively, but by far more 
strongly on the fint; except that five small ones ttcrc 
observed iti the year 1707 and 1708. Hcnec it would 
seem, that the air, or earth, or both, are not at all times dis¬ 
posed to produce Ihis phenomenon. 

The extent of these appearanct-s is also very great; that 
in March 17If) was visible from the west of Ireland to the 
confines of Russia and the east of Poland, extending at 
least near SO degrees of longitude, and from about the 50tli 
degree in latitude, over almost all the north of Kuropcj 
and in all places, at the same lime, it exhibited the like 
wondrous appearaiKres. Father Doscovich has determined 
the height of an aurora borealis, which was observed by 
the Marquis of Polini the l6lh of December 1737, to have 
been S23 miles high; and Bergman, from a mean of 30 
computations, makes the average height of the aurora bo¬ 
realis amount to 70 Swedish, or 469 English miles. But 
Euler supposes the height to be several thousands of mik-s; 
and Mairan also assigns to them a very elevated region. 

Many attempts have been made to dcicrminc the cause 
of this phenomenon. Dr. Halley imagines that the watery 
vapours, or effluvia, exceedingly rarefied by subterraneous 
fire, and tinged with sulphureous streams, which many na¬ 
turalists have supposed to be the cause of earthquakes, may 
also bo the cause of this appearance; or (hat it is produced 
by a kind of subtile matter, freely pervading the pores of 
the earth, and which, entering into it nearer the southent 
pole, passes out again with a 'similar force into the xther, 
at the same distance from the northern. This subtile mat¬ 
ter, by becoming more dense, or having its velocity in¬ 
crease, may .perhaps be capable of producing a small de¬ 
gree of light, after the manner of effluvia from electric 
bodies, which, by a strong and quick friction, emit light in 
the dark, to which sort of light this seems to have a great 
afflnity. Philos. Trans. No. 347« See also Mr. Cotes’s de¬ 
scription of ibis phenomenon, and bis method of c.xplatn- 
ing it, by streams emitted from the heterogeneous and fer¬ 
menting vapours of the atmosphere, in Smith’s Optics, 
p. 69; or my Philos. Trans. Abr. vol. 5, p. 4f 7. 

The celebrated M. dc Mairan, in an express treatise on 
the Aurora Borealis, published in 1731, supposes its cause 
to be the zodiacal light, which, according to him, is no 
other than the sun’s atmosphere: this light happening, on 
some occa.siotif, to meet the upper parts of our atmo¬ 
sphere about the limits where universal gravity begins to 
act more forcibly towards the earth than towards the sun, 
falls into our air to a greater or less depth, as its specific 
gravity is greater or less, compared with the air through 
which it passes. See Tract. Pbys. ct Hist, do I’Aurorc Bo- 
rcalc. Suite dcs Memoires dc I’Acad. R, dcs Scicn. 1731. 
Also Philos. Trans. No.433. 

However, Euler is of a different opinion: he docs not 
think that the cause of the aurora borealis is owing to 


the zodiacal light, as M. de Mairan supposes, but to parti¬ 
cles of our atmosphere, driven beyond its limits by the 
impulse of the solar light. And on this supposition he en¬ 
deavours to account for the phenomena observed concern¬ 
ing this light. He supposes the zodiacal light and the tails 
of comets to be owing to a similar cause. 

But from the period that the identity of lightning and 
the electric matter was deterinined, philosophers have been 
naturally led to seek f->r the.explication of aerial meteors 
in the principles of electricity; anil there is now no doubt 
but most of them, and especially the aurora borealis, arc 
electrical phenomena. Besides the more obvious and 
known appearances which constitute a resemblance be- 
tween-this meteor and the electric matter by which light¬ 
ning is produced, it has been observed (hat the aurora oc¬ 
casions a very sensible fluctuation in Hie magqetic needle; 
and that when it has c.Mendcd lower than usual in the at¬ 
mosphere, the flashes have been attended svith various 
sounds of rushing and hissing, especially in Russia and the 
other mure northern parts of Europe, as noticed by Sig. 
Beccaria and M. Messier. Mr. Canton, soon after he had 
obtained electricity from the clouds, offered a coojeciure, 
that the auroia is occasioned by the flashing of electric 
fire froth positive towards negative clouds at a great dis¬ 
tance, through the upper part of the atmosphere, where 
the resistance is least; and he supposes that the aurora 
which happens at the time when the magnetic needle is 
disturbed by the heat of the earth, is the electricity of the 
heated air above it; and this appears chiefly in the north¬ 
ern regions, as (he alteration in the heat of the air in those 
parts is the greatest. Nor is this hypothesis improbable, ' 
when it is considered that electricity is the cause of thun¬ 
der and lightning; that it has been extracted from the air 
at the time of the aurora borealis; that the inhabitants of 
the northern countries observe it remarkably strong when 
a sudden thaw succeeds very cold severe'weather; and 
that the tourmalin is known to emit and absorb the elec¬ 
tric fluid only by. the increase or diminution of its heat. 
Positive and negative electricity in the air, with a proper 
quantity of moisture to serve as a conductor, will account 
for this and other meteors, sometimes seen in a serene sky. 
Mr. Canton has since contrived to exhibit this meteor by 
means of the Torricellian vacuum, in a glass tube about 3 
feet long, and scaled hermetically. When one end of the 
lube is held in the hand, and the other applied to the con¬ 
ductor, the whole tube is illuminated from end to end, and 
continues luminous without interruption fur n consider¬ 
able time after it has been removed from the conductor. 
If, after this, it be drawn through the hand cither way, 
the light will be remarkably intense through the whole 
length of the tube; and though a great part of the electri¬ 
city be discharged by this operation, it itijl flashes at in- 
tcrvals, when held only at one cxtrcin)tv,Md kept quite 
still; but if at the same time it be grasj^ by the other 
hand in a different place, strong flashes of light dart from 
one end to the other; and these continue 24 hours or more, 
without a fresh excitation. Sig. Beccaria conjecl\ite« that 
there is^ a constant and regular circulation of the electric 
fluid from north to south; and he thinks that the aurora 
borealis may be this electric matter performing its circu¬ 
lation in such a state of the atmosphere as renders it vi¬ 
sible, or approaching nearer t^n usu&l to the earth: 
though probably this is not the mode of its operation, as 
the meteor is oWrvcd in the southern hemisphere with 
the same appearances as in the noriliero. Dr. Franklin 
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supposes, that the eleciric fire clischarged into the polar 
regions^ from many leagues of vaporis^'d air raised from the 
ocean between the tropics, accounts for the aurora bo¬ 
realis; and that it appears first, where it is first in motion* 
namely, in the most northern part; and the appearance 
proceeds southward, though the fire* really moves in the 
opposite direction. Frankliri^s Exper. and Obs. i7(>y, pa. 
49- Philos. Trans, vol. 48. pa. 3.58, rS4; lb. vol. 51, pa. 
403. Lctterc dcirEIIctlricismo, pa. ^^6*9; or Priestley’s llisl. 
of Electricity. Sec also an ingenious soliilion of this phe¬ 
nomenon, on the same principles, by Dr. Hamilton, in his 
Philos. Essays. Mr. Kirwan (in the Transactions of the 
Eoyal Irisli Academy, ann. 1788), haj> some ingenious re¬ 
marks on the aurora borealis el australis. Me gives his 
reasons for supposing the rarefaction of ihe alnio'^plicrc in 
the polar regions to proceed from them, and these from a 
combustion of inflammable air caused by elecirrcilv. ilc 
observes, that afier an aurora borealis the barometer 
commonly fulls, and high winds from the south generally 
follow. 

To the same purpose it is observed by Mr. Wyuii (Phil. 
Trans, vol. 73), that the appearance of an aurora borealis 
Is a sure indication of a liard gale of wind from the south 
or south-west. This occurred without fail in 23 inslancc.'i; 
and he thinks that the splendor of these phenomena will 
enable the observer to form some judgement concerning 
the ensuing u inpest. If the aurora is bright, the gale* will 
come on within 24 hours, but will be of no long duration: 
if the light be faint and dull, the gale will be less violent, 
and longer in gnlhcring, but will continue longer. Ills 
observations Avere made in the English Channel, where 
such winds nrc very dangerous; and, by attending to the 
aurora, ho says, that he often escaped, when others were 
nearly shipwrecked. Observations of this kind would serve 
to lessen the daiigcn of navigation. 

M. Libes has suggi'sfed a new theory, in his Nouv. Diet, 
dc Physique, which, it seems, is ailopled by most of the 
northern philosopluTS. In his opinion, electric light is 
not the cause of the aurora borealis; nor has electricity 
itself any further influence on their existence, than as it 
fistcsihc aeriform subsiances, whose coinbnialion occasions 
the meteor. I’his philosopher's theory is founded on the 
fuliowing principles:— 

U If we excite the electric spark in a mixture of azotic 
and oxygen gas, there will result nitric acid, or nitrous 
acid, or nitrous gas, according to the relation that subsists 
between the gases which compose the mixture. 

2. Nitric acid, when exposed to the sun, assumes more 
colour and volniility. M. Libes placed a receiver over a 
salver conuiutng nitric acid, and exposed to the action of 
the solar rays. Some rainuic-s after, the acid appeared 
Coloured, and the receiver filled w ith red and volatile va* 
pours, which were sustained in it a long while, and diffused 
a light similar to that of the aurora borealis. 

d« In flasks which contain nitrous acid, a ruddy and 
volatile vapour is always perceived above tbc vapour. 

4. Nitrous gas, m contact with atmospheric air, e.xhalcs 
ruddy vapoun, which fly off into the atmosphere. 

5. The hydrogen, which is disengaged from the earth s 
surfaci, rises, till it occupies, in tlie higher regions of the 
atmosphere, a place determined by its specifle gravity. 

0* liic solar heat has very little activity in the polar 
regions. 

^ TbcK stweral principles rest on observations and expo* 
riiiHiiis made with great exactness, and most of Uiem too 
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well known to nceil l« heii* described. Now u m pKi’fi, 
Jrom a simple combination ol ih(*se facts, 1st, tliui iIh* jito- 
duetton of hydrogen must In* next nothing in the polai 
regions; 2<lly, that tliu higher regions of lliu polar atmo¬ 
sphere contain very little if any hydrogen ; 3d)y, that when¬ 
ever there is a rc-c*btabii^bfnenc of ecjuilibrium of tin* elec¬ 
tric fluid in the polar atmosplierc, rliis fluid c.iii oiily raJ 
in its passage a mixture of a/ot and oxygen ; 4tidy, tl.: t 
the electric spark ought to fix smd comliine these 
subsiances; 5lhly, that from this combination must lesul' 
a proiluciion of nitrous acid, or of nitric acid* or of ni¬ 
trous gas, according to the relation subsi'iing betwiin the 
oxygen and azot, that constitute tlie mixture; (mIiIv, lliut 
the production of either of tliosc acids, or o! lie* ga>, will 
give birtli to red and volatile vapours, wlm^e elevaii<m in 
the atmosphere will form the meteor known b) the iVsiuv 
ot the aurora borealis. Alter reino'ing some central jh- 
jectit>ns to these preliminary notions, Si, Libes then ip- 
|)Iies them to the phenomena as generally observed <*1 that 
meteor. 

AUUUiM Tv LM IX* A NS, a preparation from gold, which 
being thrown into the fire, it explodes wiili u violent noi>c 
like thunder. The matter is produced by dis^fdving gold 
in aqua regia, and precipitating tlie solution by oil of tar¬ 
tar per dcliquiuin, or volatile spirit of 5al aininoniac. Tl:c 
posvder being washed in warm water, and dried to the coa- 
sistcDcc of a paste, is afterwards formed into small grains 
of the size of hcmpH*ed. 

It is inflammable, not only by fire, but also iiy a gentle 
warmth; andgivc-sa report much loutJcr than that of gun¬ 
powder. A single grain laid on the point of n knife, and 
lighted at a candle, explodes with a greater report than a 
musquet: and a scruple of this powder, it is said, acts 
more loudly than half a |)ound of gunpowder; and yet it is 
said Uiat, by mixture, it doi*s not increase the elastic force 
ol fired gunpowder. Dr. Hlack attributes the increase of 
weight, and also the explosive property of this powder, lo 
adhering fixable air.—^This is h very dangerous prepa¬ 
ration, and should be used with great caution. 

AUSi'KAL, the same with Southern, l iius, Austial 
iigns, are tbc last 6 signs of the zodiac; and arc so called 
because they arc on the south side of the equinoctial. 

AUSTUALIS Corona^ See Corona Australis. 

AusTHaLis Piscis, the Southern Fish, is a constella¬ 
tion of the southern faemispherc. See Ptscis Australis. 

AUS'rRIACA Sydeea, in Astronomy, a name ascribed 
by Maupertuis to the spots in the sun, as supposing them 
to be small stars between the sun and us. 

AUTOLYCUS, a Greek mathematician and astrono¬ 
mer, of Pilanc, in ^tolia, who flourished about 320 years 
before Christ. He was preceptor in muihcmalics lo Ar- 
ccsiiaus, who was also a disciple of Theophrastus, the suc¬ 
cessor of Aristotle. hat he was eminent in mathematical 
learning, appears from two of his works that are extant; 
viz, a treatise On the Moveable Sphere, published by 
Dasypodius, in Greek and Latin, 8vo, at Slrasburg^ in 
1572; and in a Latin translation in the. Synopsis Ma- 
ihcmatica of Mersennus, published in 4(o, at Paris, in 
1642; and also a treatise On the Rising and Setting of 
the Stars, edited with the former work by Dasypochus. 
Diog. Laert. Vit. ArccsiK Fabr. Bib. Gnec. tom. 2, p, 89. 
Moiitiurla His»l. Maihcm. 1 tom. p. I92. 

AUTOMATON, a seemingly lelf-xitoving machine; or 
one so constructed, by means of weights, levers, pulleys, 
springs, as to move fur a considerable time ox it ii 
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wrrr endued with animal life. And according to this dc- 
^crl{)tlon, clucks, watcher, and all machines of that kind 
arc automatons. 

It is said, that Archytas of Tarcntiim, 400 years before 
Christ, made a wooden pigeon that could fly; that Archi¬ 
medes also made such-like automatons; that Regiomonta¬ 
nus made a wooden eagle that flew forth from the city, met 
the emperor, saluted him, and returned; also, that he 
made an iron fly, which flew out of his hand at a feast, 
and relume*! again after flying about the room; that Dr. 
Hooke mad*' the tnodel of a flying chariot, capable of sup¬ 
porting itself in the air. Many other surprising automa¬ 
tons we have been eye-witnesses of, in the present age: 
thus, wo have seen figures that could write, and perform 
many other actions in imitation of animals: M. V'aucan- 
son made a figure that played on the flute; the same gen- 
tleinnn also made a duck, which was capable of eating, 
drinking, and imitating exactly the voice of a natural one; 
and, what is still more surprising, the food it swallowed 
was evacuate*! in a digesteil state, or considerably altered 
on the principles of solution; also the wings, viscera, and 
bones, were formed so as strongly to resemble those of a 
Jiving duck; ami the actions of eating and drinking showed 
the strongest rcscinblanco, even to the muddling the water 
with its bill. M. lx: Drox of la Chaux de Fonds, in the 
province of Ncufchatel, has also executed some very cu¬ 
rious pieces of mechanism ; one was u clock, presented to 
the king of Spain, which had, among other curiosities, a 
sheep that imitated the bleating of a natural one; and a 
dog watching a basket of fruit, that barked and snarled 
when any one uflercd to take it away; besides a variety of 
human ligurcs, exhibiting motions truly surprising. Out 
all these scum to be inferior to M. Kempell's ch(‘ss-playcr, 
whicii may truly lie considered as the gre:ttest master- 
piece ill mechanics that ever appeared in the worldi “ 8o 
It certainly would have been," said my esteemed friend, 
Thos. Coilinson, t'sq. (nephew of the late ingenious Peter 
Collinson, cst|, F. 11. S.) had its scientific movements de¬ 
pended merely on mechanism. “ Being slightly acquaint¬ 
ed with M. Kempell when be exhibited his chcss-playing 
figure in Lxmdon, I called on him about five years since 
at his house at Vienna (another gentleman and myself be¬ 
ing thoh on a tour on the continent). The baron (fur I 
think he is such) showed mu some working models which 
he had lately made—among them an improvement on 
Arkwright's cotton-mill, and also one which he thought an 
improvement on Boulton and Watt’s last steam-engine. 
I asked him after a piece of speaking mechanism which 
he had shown me when in London. It spoke as before, 
and 1 gave the same word as I gave when I first saw 
it, Exploitation, which it distinctly pronounced with the 
French accent.- But I particularly noticed, that not 
a word passed about the chess-playtr; and of coume I 
did not nsk to sec it. In the progress of the tour I 
came to Dresden, where, becoming acquainted with Mr. 
Eden, our envoy there, by means of a letter given me 
by his brother, lord Auckland, who was ambassador 
when 1 was at Madrid, he obligingly accompanied roe in 
seeing several things worthy of attention. And be intro¬ 
duced my companion and myself to a gentleman of rank 
and talents, named Joseph Frcidrick Prcyhcrc, who seems 
completely to have discovered the Vitality and soul of the 
chess-playing figure. This gentleman courteously pre¬ 
sented me with a treatise he bad published, dated at Dres¬ 
den, Sept. 30,1789, cxplainingiis principles, accompanied 


with curious plates neatly coloured. This treatise is in the 
German language; and 1 hope soon to get a translation of 
it. A well-taught boy, very thin and small of his ago (suffi¬ 
ciently so tliat he could be concealed in a drawer almost 
immediately under the chess-board,) agitated the whole. 
Even after this abatement'of its being strictly an automa¬ 
ton, much ingenuity remains to the ct>ntrivcr.—This dis¬ 
covery at Dresden accounts for the silence about it at 
\’ienna; for I understand, by’Mr. Eden, that Mr. Freyhere 
had sent a copy to Baron Kempell: though he seems un¬ 
willing to acknowledge that Mr. F. has completely ana¬ 
lysed the whole. 

“ I know that long and uninteresting letters are formi¬ 
dable things to men who know the value of time and sci¬ 
ence ; but as this happens to be upon the subject, forgive me 
for adding one very admirable piece ot mechanism to those 
you have touclied upon. When at Geneva, 1 called upon • 
Droz, son of the original Droz of la Cliaux dc Fonds, 
where I also was. He showed me an oval gtfid siiufT-box, 
about (if I recollect right) 4 inches and a half long, by 3 
inches broad, and about an inch and a half thick. It was 
double, having an horizontal partition; so that it may he 
considered as one box placed on another, with a lid, of 
course, to each box: one contained smitT—in the other, as 
soon as the lid was opened, there rose up a very small 
bird, of green enamelled gold, silting on a gold stand. Im¬ 
mediately this minute curiosity wngged its tail, shook its 
wing*!, opened its bill of white enamelled gold, and poured 
forth, minute us it was (being only ihri'C quarters of au 
inch from the beak to the extremity of tlie tail) such a 
clear melodious song, ns would have filled a room of 20 
or 30 feet sqOarc with its harmony. Droz agreed to mi’ct 
me at Florence; and we visited the Abb6 Fontiuta toge¬ 
ther. He afterwards joined me nl Rome, atxi e.xhibited 
his bird to the pope and the ciirdinals in the Vatican pa¬ 
lace, to the iidmimiton, 1 may say, to (he astonishment, of 
oil who saw and henid it.” 

Another extract from a second letter on the same sttb- 
ject, by Mr. Collinson, is ns follows: “ Permit me to speak 
of another automaton of Droz’s, which several years since 
he exhibited in England; and which, from my pcrsonnl 
acquaintance, I had a commodious opportunity of parti¬ 
cularly examit)ing. It was a figure of a man, 1 think, the 
size of life. It held in its hand a metal style ; a card of 
Dutch vellum being laid under it. A spring was touched, 
which released the internal clock-work from its stop, 
when the figure immediately began to draw. Mr. Droi, 
hoppening once to'be sent for in a great hurry to wait 
upon some considerable personage at the vvest end of the 
town, left me in possession of the keys, which opened the 
recesses of all his machinery. Ho opened the drawing- 
master himself, wound it up, explained its leading parts, 
and taught me how to make it obey my requirings, as it 
had obeyed his own: Droz then went away. After the 
first card was finished, the figure rt-stod. I put a second; 
and so on, to five separate cards, all di^erent subjects; but 
five or six was the extent of itsdelineaOng powers. The first 
card contained, I may truly say, elegant portraits and like¬ 
nesses of the king and queen, facing each other; and it was 
curious to observe with what precision the figure lifted up 
bis pencil, in the transition of it from one point of the 
draft to another, without making the least sUir whatever: 
for instance, in passing from the forehead to the eye, nose, 
und chin; or from the waving curls of the hair to the car, 
«5tc, I have the cards now by me, jee, ^c.” 
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To iho preceding account of %uch surprising accounts 
of automata, may be added, that we Ijave lately seen ex* 
hibitcd at Spring-Gardens, in London, by a Mr. Maliar- 
dct, similar and other such mechanical contrivances; viz, 
the singing-bird, and the figure of a young man that wrote 
many words and lines, and drew very neatly several figures 
as above described. I here were also several others, equally 
curious, as a tumbling figure, which perlonued surprising 
evolutions about a horizontal wire; also a spider resem¬ 
bling a living one, and which crept all over the table; and 
the musical lady, being one that much resembled life, 
by its motions and respirations, &c, and naturally per¬ 
forming some fine pieces on the piano-forte, \'C. 

AUl’UMN, the third season of the year, when the har¬ 
vest and fruits arc gatlierod in« This begins at ibe de¬ 
scending equinox, wliicb, in the northern hemisphere, is 
when the sun enters the sign Libra, or about the 22d day 
of September; and it ends, when winter commences, about 
the same day in December. 

Autumnal, something belonging to autumn. Thusi 

Autumnal Equinox^ the time when the sun enters the 
descending point of the ecliptic, w'here it crosses the equi¬ 
noctial and is so called, because the nights and days arc 
then equal. 

Autumnal Pom/, the point of the ecliptic answering 
to the autumnal equinox* 

Autumnal Signs, are the signs Libra, Scorpio, Sagit- 
tary, through which tl^sun passes during the autumn* 

AUZOUT, or Azout, (Adrian), a French mathemati¬ 
cian of the 17th century, and one of the earliest members 
of the Academy of Sciences at Paris, was born at Rouen, 
and died in l693« Some have ascribed to him the honour 
of having invented the micrometer; but he is more justly 
entitled to the prais<* of having contributed to the improve¬ 
ment of it, in pursuance of the ideas suggobted by M* 
Huygens, and the Marquis of Malvasia* He published a 
treatise on this subject in l667, which was afterwards in¬ 
serted in the Memoirs of the Academy for l693, loro. 6. 
Auzoul was also concerned with M. Picard in the iropor- 
tant discovery of the method of applying the telescope to 
the quadrant, which has been highly useful to astrono¬ 
mers* He published An Epbemcris of the Comet of 1665; 
also, A Letter to the Abbe Charles on the Observations of 
Campani, in 1665; ami some Remarks on the Machine 
of Hooke, mentioned in the article Automaton* These 
two last pieces are also contained in the 6th volume of 
the Memoirs of the Academy. Montucla, Hist* Mutlicm. 
tom. 2, p. 569 —572. 

AXIOM, a self-evident truth, or a proposition immedi¬ 
ately assented to, when the terms of it arc properly un¬ 
derstood* Such as, that the whole greater than its pari; 
that a thing cannot be and not beat the same time; and 
that any wlioJeis equal to all its parts token together. 

Some axioms arc in cflect, strictly speaking, no other 
than identical propositions* Thus, to soy that all right 
angles are equal to each other, is as much as to say, all 
right angles arc right angles; such equality being implied 
iu the vciy defioition, or the very name or term itself. 

Axiom is also an established principle in some art or 
science. Thus, it is an axiom iu physics, that nature does 
nothing in vain; that effects arc proportional to their 
causes; Ac* It is an axiom in geometry, that two things 
equal to the same Ihiog, are also equal to each other; that 
if to two equal things oquals bo added, the sums svill be 
cquaL Aud it is an axiom in optics, that the angle of •iiw 


cidence is equal to the angle of rcfiecUon. In this sense 
also the goiierul laws of motion are called axioms; as, that 
all motion is rectilineal, that action and reaction are 
equal, 5tc. 

Thcbc particular axioms, it may be observed, do not 
however immediately arise from any first notions or ideas, 
but arc deduced from certain hN|n)tlie$cs ; this is particu¬ 
larly obstjrved in physical mattei's, wherein, as several ex¬ 
periments contribute to make one iiypothcbis, so several 
hypotheseb contribute to one axiom* 

The axioms of Euclid are general propositions ; and so 
are tbc axioms of the Newtonian philobophy; but thc-se 
two kinds of axioms have very different origins. The 
former appear true upon a bare contemplation of our 
ideas; whereas the latter are the result of the most labo¬ 
rious induction; and therefore ^ ought not," as Lord Ba¬ 
con says, to be admitted upon conjecture or oven upon 
the authority of the learned; but as (hey arc the general 
principles and grounds of all learning, they should be can¬ 
vassed and examined with the most scrupulous attention/^ 

AXE or AXIS, in Geometry, the straight line in a 
plane figure, about which it revolves, to produce or gene¬ 
rate a solid* Thus, if a semicircle bo moved round its dia¬ 
meter at rest, it svill generate a sphere, whose axis is (hat 
diameter* And if u right-angled triangle be turned about 
its perpendicular ut rest, it will describe a cone, whose 
axis is that perpendicular. 

Axis is yet more generally used for a right line con¬ 
ceived to be drawn from the vertex of a figure to the mid¬ 
dle of the base* So tbc 

Axis 0 / a circle or sphere, is any line drawn through 
the centre, and terminated ut the circumference, on both 
sides* 

A\i% of a conCf is the line from the vertex to the centre 
ofihc base* 

A.\i$ ef a a/linder, is the line from the centre of tl»c 
one end to that of the other* 

Axis 0 / u conic section^ is the line from tbc principal 
vertex, or vertices, perpendicular to tbc tangent at that 
point. The ellipsis and hyperbola have each two axes, 
which arc finite ami perpendicular to each other; but the 
parabola has only one, and that infinite in length* 

Tronmerse Axis, in* tbc Ellipse and Hyperbola, is the 
diameter parsing through the two foci, and the two princi¬ 
pal vertices/of tbc figure* In the hyperbola it is the 
shortest diameter, but in the ellipse it is the longest* 

Corrugate Axis, or Second Axis, in the Ellipse and Hy* 
perbola, is the diameter passing through the centre, and 
perpendicular to the transverse axis; and is the shortest 
of all tbc diameters, ns the transverse axis is the longest. 

Axis, of a curve line, is still more geneniUy used for 
that diameter which has its ordinates at right uiglcs to it, 
when that is possible* For, like as in the conic sCjCtions, 
any diameter bisects all its parallel ordinates, making the 
two parts of them on both sides of it equal; and that dia¬ 
meter which has such ordinates perpendicular to it, is an 
Axis: So, in curves of the second order, if there W any 
two parallel lines each meeting (ho curve in three points; 
the right line which cuts these two parallels so, that the 
sum of the two parts on one side of the cutting line, be¬ 
tween it and tbc curv'O, is equal to the third part termi¬ 
nated by the curve on the other side, then the said line 
will in like manner cut all other parallels to the former 
two lines, vis, so (hat, of every one of them, the sum of 
the Iwotparts, or ordinates, on one side, will be equal to (ho 

2C 2 



A X I 


A X I 


[ ] 


flijrd pari or ordinatu oii ihc oxUvt sidr. Sucli cultins 
Irno (hen a diumctiT; and ihat dian)c(ci whovc parallel 
oriiii)a(r$ arc at right nngicb lo it, N%hcn pub^iblc, is an 
Axis. Atnl the ^aine for ulhtr curves of still higher or¬ 
ders. Newton, Enumeratio Linearum Tertii Ordinis sect. 

2 , art- I. 

Axis, in Astronomy. As the Axis q/* thcv:oild. is an 
imaginary right line conceived to pass tiirough ific centre 
u\ the earth, and terii.inating at c^ich end in (he surface ot 
the mundane sphere* About this line, as an axis, the 
sphere, in the Pioleinaic system, is supposed daily to re- 
vol'e. 

A^is of tk< is the line connecting its two poles, 

and about which the earlb performs its diurnal rotation, 
from west to vast, 'Khis is a part of the axis of the woild, 
and always remains paeallcd to ibelf during the motion of 
tiieenrth in its orbit about the sun, and perpendicular to 
the plane of (he equator. 

Axis o/(i Flartef, is the line passing through its centre, 
aiid about whicli the planet revolves.—The Sun, ICartli, 
Moon, Ju|htvr, Mara, and Venus, it is known from obsvr- 
Tation, move about their several a.xcs; and the like mo- 
•ion ia easily inferred of the ollivr three. Mercury, Sa¬ 
turn, and the Georgian planet* 

Ax lx of I lie Honzofiy Effuaior, Evliptic^ Zodiac, &*c, arc 
right lines parsing thrtiiigh the centres of chose circles, 
perpendicular to their pliiiM*s. 

Axis of o Hlatfnct, or Mu^netical Axis, is a line pass¬ 
ing through the luiddicufu magnet, lengthwise; in such 
inunner, that however the mugnet be divided, provided 
the division be made according to a plane passing through 
that line, the magnet will then be cut into two loadstones. 
And the extremities of such lines are called the poles of 
the stone. 

AxiSy in Mechanics.*—The axis of a balance, is the line 
upon which it moves or (urns. 

Axis rf Rotation^ of any solid, is the line about which 
the body really revolves, when it is put in motion. The 
impulse given to a liomogencotis sphere, in a direction 
which does not pass through its centre, will cause it to re¬ 
volve constanlly round the diameter, which is pcrperfdicu- 
lar to a plane passing through its centre, and the line of 
direction of the impressed force. Now forces acting on 
all its parts, and of which the result passes through its 
centre, will not change the parallelism of its axis of rota¬ 
tion. Thus it is that the axis of the earth remains always 
nearly parallel to itself, in its revolution round the sun, 
without its being necessary to suppose, with Copernicus, 
an annual motion ol the poles of the earth round those of 
the ecliptic. If the body possess a certain hgure, its nxis 
of rotation may change every instant. The determination 
of these changes, whatever may be the forcesacting on the 
bodies, is one of the most interesting problems of mecha¬ 
nics, respecting hard bodies, on acfount of Its connexion 
with the precession of the equinoxes, and the libration of 
the moon. The solution of this problem has led to a cu¬ 
rious ond very useful result, namely, that in all bodies 
there exist three a.xcs perpendicular to each other, round 
which the body may turn uniformly when not solicited by 
external forces. On this account these axes arc properly 
called the three principal axes of rotation. 

Axis qf Oscillatwnf is a line parallel to tbc boriaon* 
p 2 U>sing through the centre, about which a pendulum vi^ 
brates, and perpendicular to the plane in which it oscil¬ 
lates. ^ 


Axis ta WrUrochiOy or Wheel and uxit, is one of Ihc- 
five meclianical powers, or simple machines; contrived- 
chiefly for the ruibing of weight) to a considerable height, 
as water fioin a well, 
he. 'fills rnailnnc con¬ 
sists of a circle ad, 
concentric with the 
base ufa cvlinder, and 
moveable together with 
It about its axis cn. 

1 bis cylinder is called 
the axis; und the cir¬ 
cle, (he peritrochium; 
uikI the radii, or spoken, 
which are sometimes 
fitted iiiimediutely into 
the cylinder, without any circle, thescytal:e. About (he* 
axis winds a rope, or chain, by moans of which great 
weights are rai>cd by turning the whecl.-^The axis in pc- 
ritrocliio takes place in the motion of every machine, in 
which |i circle may be conceived as described about a 
fixed axis, concentric with the plane of a cylinder about 
which it is placed; as in Crane-wheels, MiU-whecls,Cap¬ 
stans, &c.~rhc chief properties of (he Axis-in-perilrocbio, 
are as follow: 

1. if the power r applied in the direction ak a tangent 
to the circiiinfercnce, or perpendicular to the spoke, be to 
a weight £, as (he radius of the axis ce is to (he radius of 
(he wheel AD, or the length of (bespoke; the power will 
Just sustain (he weight; that is, the power and the weight 
will be in cquilibrio, when they arc in Uic reciprocal pro* 
portion of their distance from the centre. 

2« When the wheel moves, with the power and weight; 
the velocities of their motion, and the spaces passed over 
by them, will be both in the same proportion as *above, 
namely, directly proportional to tlicir distances from the 
centre, and reciprocally proportional to their own weights 
when they arc in cquilibrio. 

3. A power and a weight being given, to construct an 
axis-in-peritrochio, by which it shall be sustained and 
raised. Lot the axis be taken large enough to support the 
weight and power without breaking: then, as the weight 
is to the power, so make the radius of the wheel to the ra¬ 
dius of the axis. Hence, if the power be very small in 
respect of the weight, the radius of the wheel will be vastly 
great. For example, suppose the weight 4050, and the 
power 50; then the radius of the \Yheel will be 81 times 
that of the axis; which would be a very inconvenient 
size. But this inconvenience is obviated by increasing 
the number of the wheels and axes; makiog one to tuns 
another, by means of teeth and pinions. And to find the 
effect of u number of wheels and axes, thus turning one 
another, multiply together, all the radii of the axes, and 
all the radii of the wheels, and then it will be, as the pro¬ 
duct of the former is to the product of the latter, to ii the 
power to the weight. So,«ir there be 4 wheels and axis, 
the radius of each axis being 1 foot, and the radius of each 
wheel 3 feet; then the continual product of all tbe wheela 
is3x3x3xdor81 feet, and that of the axis only 1; 
therefore the effect is as.81 to I, or the weight is 81 tiroca 
tbc power. And, on tbe contrary, if it be required to ^nd 
tbe diameter of each of four equal wheels, by which a. 
weight of 40501b shall be balanced by a power of 50lb,.tbe 
diameter of each axis being 1 foot: dividing 4050 by 50i. 
tho quotient is 81, extract the 4tb root of 81, or twice: 
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the square root, and it will give 3, tor the diameter ot '.l.e 
lour wheels sought*' 

Axis of avesset^ is (bat quiescent right line passing 
(lirough the middle of it, perpendicular to its base, and 
c qually distant from its sides* 

Axis, in Optics* —Optic <7x«, or risual axis^ is a ray 
passing through the centre of the eye, or falluig perpcndi* 
culurly on the eye. 

Axis qf a or glais^ is the axis of the solid of which 

tliC lens is a segment. Or the axis of a ginss, is the line 
joining the two vertices or middle points of the two oppo* 
site .surfaces of the glass* 

Axis qf Incidence^ in Dioptrics, is the line passing 
through the point of incidence, perpendicularly to the re* 
fracting surface. 

Axis of Hefractiortf is (he line continued from the point 
of incidence or refraction, perpendicularly to the refract* 
ing surface, along the farther medium. 

AZIMUTH, of till* »un, or star, &c, is an arch of the 
horizon, intercepted between the meridian of (he place, 
and the azimuth or vertical circle passing through the sun 
or star; and is equal to the angle at the zenith formed by 
the said meridian and vertical circle. Or it is the com* 
picment to the eastern or western amplitude*—The azi¬ 
muth is thus found by trigonometry; 

As radius is to the tangent of the latitude, 

So is the tangent of the altitude of the sun or star, 
To the cosine of the azimuth from the south, at 
the time of the c(]uinox* « 

Azimuth, magnedcal, au arch of the horizon contained 


between ifie inn line ti cal luoridiufj, and the a/inuiili or >ir- 
lical circle of thooljvcl; or its Hfjparcnt dislanci* from 
the nortli or south point of tlie compas^. This is fouinl 
fay observing ilie sun. or star. \'C, with an azimutli corn* 
puss, when it is 10 or 15 rlegrtcs liigb, either before or 
after noon. 

Azimuth ComI'.sss, an instrument for finding either 
the magnetical azimuth or amplitude of a celestial object. 
The description and use of this in'‘trument, sec under the 
article Compass. 

Azimuth Dial, a dial whose stile or gnomon is per* 
pcndicular to ihe plane of the horizon. 

Azimuth, or rertical Circ/cr, arc great circles of the 
sphere intersecting each other in the zenith and nadir, and 
cutting the liorizan at right angles.—Tliese azimuths arc 
represented by the rliumbs on common sea charts; and on 
the globe by tlie quadrant of altitude, when $creu< <1 in the 
zenith. On these azimuths is counted the height of the 
sun, or stars, &c, when out of the meridian* 

AZOTIC G.*\S, the same a.s the phlogisticated air of 
Scheelcand Priestley, or the mephitic air of lxi>oisicr, or 
(he nitrogen gas of Chaptal, and some otlier French che¬ 
mists. This gas was discovered in 1772, by Dr. Ruther¬ 
ford of Edinburgh ; and many of its pmperlics were ascer¬ 
tained by Cavendish, Kirwan, and Priestley* It is nearly of 
the same s)H!cifiC gravity as common air, or perhaps a very, 
little heavier, being indeed only atmospheric air deprived 
of its oxygen ; aiul hence its noxious quality of ]irescntly 
extinguishing dame and animal life; as in un\i«ed wells 
or cellars, and close places of stagnant air. 
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ACK'Staff, an instrument formerly usoil for taiiii* 
the sun’s altitude at sea; being so called because the 
back of the observer was turned towards the sun when he 
made the observation. It was sometimes called Davis's 
quadrant, from its inventor Captain John Davis, a ^yclch- 
man, and a cclchraled navigator, who produced it about 
the ^ear 1590. 

Ibis instrument consists of two concentric arches of 
box-wood, and three vanes: the arch of the longer radius 
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is of 30 degrees, an«l the other of CO degrees, making be¬ 
tween them 90 degrees, or a quadrant: also the vane a 
at the centre is called (he, hori?on-vane, that on the arch 
of 60 ” at B the shade-vane, and that on the other arch at 
c the sigbt-vanc. 

To use the jBncA--5/aj7'.—The shado-vane is lo be set 
upon the 60 arch, at an even degree with some latitude, 
less by 10 or 15 degrees than the complement of the 
sun’s altitude is judged to be; also the horizon-vane be¬ 
ing put on at A, and the sight-vane on the 30 orch 10, 
the observer then turns his back to the sun, lifts up the 
instrument, and looks through tli^c siglit-vano, raising or 
falling the quadrant, till the shadow of the upper edge of 
the shade-vane fall on the upper edge of the slit in the 
horizon-vane; and then if he can sec the.horizon through 
the said slit, the observation is exact, and the vanes arc- 
rightly adjusted : But if the sea appear insU'ad of the ho¬ 
rizon, the sight-vauc must be moved downward towards 
g; or if the sky appear, it must be moved upward to¬ 
wards G; thus trying till it comes right: the observer next 
examines bow many degrees and miuuti's are cut by thui 
edge of the sight-vane that answers lo the sight-hole, and 
to them he adds the degrees cut by the upper edge of the 
shade vane; the sum of which is the sun's distance from 
the zenith, or the coroplemout of bis altitude; that is, of 
his upper limb when the superior end of the shadc-vanc is 
used in the observation, or of bis lower limb when thw' 
lower part of that vane is used; therefore in the former 
case add l6 minutes, the sun’s semidiameter, and subtract 
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I'l iniiiutcs in iho liuri r c;is", to give the zenith <li5lancf 
or "( li»i- Cfiilre. 

Mr. I'ioinsli < <1 tontrneil a glass lens, or double convex, 
lo be pliifiii in the :niddle of the shade-vane, wliich 
throws a ^ma!! bright 'pot on the slit of the borizon-vane, 
iiiNfi ad of the .shade ; which is a great improvement, if the 
glass be truly inatle; for by this means, the instrument 
may be used in hazy weather, and a much more accurate 
(ib><TVHiir)n made at all times. 

BACON (Hoger), a celehrated Englisli monk of the 
I'raiiciscnn order, was bi>rn n<“ar Ilchestcr in Soinersel- 
siiire, in the year 1‘2I4. He commenced lus .studies at 
Oxford; whence he removed to the university ot Paris, 
which at that time svas estoemeil the centre ol learning; 
and where it appears he made such progress in the sci¬ 
ences, that he was esteemed the glory ot that university, 
and was there greatly caressed by several of his country¬ 
men, particularly bv Robert Groothcad or Grouihcad, af¬ 
terwards bishop ol Lincoln, liis great friend and patron. 
Having taken the degree of doctor of divinity, he returned 
to England in 1240, and look the habit of the Franciscan 
order, being then about 2() years of age; but according to 
some he became a monk lx foie he left France. lie now 
pursued his favourite study of cxpeiimeiilal philosopliy 
with unremitting ardour and assiduity, in this pursuit, 
in experiments, he informs us he spent, in the course of 
20 years, no less than 2000/. in the purchase of instru¬ 
ments and scarce books, an amazing sum in those days, 
but which was generously furnished him by some of the 
heads of the university, to enable him the better lo pur¬ 
sue liis noble researches. By such extraordinary talents 
and rapid progress in the sciences, which in (hat ignorant 
age were so little known to the rest of mankind, while they 
raised the admiration of the more intelligent few, could 
not fail to excite the envy of his illiterate fraternity, whose 
malice against him was the more inflamed by the freedom 
with which he treated the clergy in his writings, in which 
he spared neither their ignorance nor their immorality: 
these therefore found no difliculty in possessing the vulgar 
with the notion of Bacon’s communication with evil spi¬ 
rits. Under this pretence he was restrained from reading 
lectures to the young students in the university, and at 
length so closely confined ns to be debarred from all in¬ 
tercourse with his friends, and from receiving a necessary 
supply of food. These efforts of malevolence and cruelly, 
whatever might have been the real or pretended causes 
from which they originated, couhl'not however deprive 
this great man of the esteem and respect to which his di¬ 
stinguished talents and character entitled him. Such was 
the high opinion entertained by the cardinal bishop of Sa¬ 
bina, who was the pope’s legate in England, of his genius 
and merit, that he requested from him a complete'copy of 
all his works. As ho was restrained, by the prohibition of 
liis own fraternity, from communicating any of his works 
to any person whatever, he at flm declined complying 
with the cardinal's request; but as soon as he henrd that 
the cardinal-lcgaic was raised to the pontifical dignity, 
under the name of Clement iv, he signified to him by let¬ 
ter his readiness to perform what his holiness had desired; 
and the pope assured him of protection against any inter¬ 
ference of his own order. Bacon immediately began to 
collect, arrange, and improve the pieces he had already 
written : and having digested them into one volume, under 
the title of“Opus Majus” (the greater work,) ho sent It to 
the pope in the year 1267, by a special messenger, whoso 


name was John of Paris, and who was his own favourite 
disciple. This John of Paris was a poor boy, of promi¬ 
sing talents, taken by Bacon under his tuition, in order to 
try by experience the efficacy of his peculiar mode of in- 
sirurtion ; and as the result of it he observ^-s, “ that there 
was no room to conceive any high notions of the perfection 
of human wisdom, when it was possible in a year’s time to 
teach a young man all that, with the utmost industry and 
ap()lication, a zealous inquirer after knowledge was able 
cither to atUim or discover in the space of 20 or even 40 
years. The pope w.as so gratified with the present of this 
learned work, that it procurcil for Bacon extraordinary 
favour and cncoiiragciueiit in his studies. 

With the life of the enlightened and liberal Clement iv, 
terminated the tranquillity of this philosopher; for, under 
the pontificate of Nicholas iii, and with the sanction of 
his authority, Jerom dc Esculo, or dc Ascoli, general of 
the Franciscan order, prohibited the reading of his works, 
and sentenced him to imprisonment. The pretended cause 
of this severity baa been sought by some writers in certain 
tracts of Bacon on necromancy, astrology, and alchemy; 
but the true reason was most probably that dread of inno¬ 
vation, which Bacon’s improvements in science caused in 
the minds of bigoted or inten'sted persons. Bacon con¬ 
tinued in prison 10 years; but on the accession of Jerom 
de I'^culo to the papal see, under the name of Nicholas 
IV, he attempted to conciliate the favour of the pope, 
by presenting to him a treatise " On the means of avoiding 
the infirmities of old age." What effect this had on the 
pope docs not appear; it did not at least produce an im¬ 
mediate discharge: iiowcver, towards the latter end of his 
reign, by the interposition of sonqo noblemen, Bacon ob¬ 
tained his liberty; and afterwards spent the remainder of 
his life in the college of his order, where he died in the 
year 1294, at 80 years of age, and was buried in the 
Franciscan church. Such are the few particulars which 
the most diligent researches have been able to discover 
concerning the life of this very c:^tmordiiiary man. 

Bacon’s printc<l works are, I. Epistola Fratris Rogeri 
Baconisdc Secrciis Operibus Artis ct Naturcc, et dc Nul- 
liiatc Magix: Paris, 1542, in 4lo. Basil, 1593, in 8vo. 
2. Opus ^iajus; Loudon, 1733, in fol. published by Dr. 
jebb. 3.'I'hcsaurus Chemicus; Fmiicf. l603 and l620. 
These printed works of Bacon contain a number of essays, 
which have been considered os distinct books in the cata¬ 
logue of his writings by Bale, Pitts, &c; but there regain 
also in different libraries scVcral manuscripts not yet pub¬ 
lished. 

By an attentive perusal of his works, the reader is asto¬ 
nished to find that this great luminary of ibc ISth century 
was deeply skilled in all the arts and sciences, and in many 
of them had made the most important inventions and dis- . 
coveries. He was, says Dr. Peter Shaw, beyond all com¬ 
parison the greatest man of his time, and he might per¬ 
haps stand in competition with the greatest that have ap¬ 
peared since. It is wonderful, considering the ignorant 
i^e in which be lived, how he came by such a depth of 
knowledge on all subjects. His writings aro composed 
with that elegance, conciseness, and strength, and adorned 
with such just and e.yquisitc observations oh nature, that, 
among all the chemists, we do not know his equal. In 
his chemical writings, be attempts to show bow imperfect 
metals may be ripened into perfect ones; making, with 
Geber, mercury the common basts of all metals, and sul¬ 
phur the cement. 
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His other physical writings show no loss genius and force 
of mind. In his ircaiisc Of the Secret Works of Art and 
Nature, he shows that a |»erson perfectly acquainted with 
the manner observed by nature in her operations, would 
be able to ri\a), and even to surpass her. Jn anotlier piece. 
Of the Nullity u( .Magic, he shows with great sagacity anil 
penetration, w’lu nee the notion of it sprang, and how weak 
all pretences to it an. From a perusal of his works, adds 
the same author, we find Bacon wms no stranger to many 
of the jinncipal discoveries of the present aiul past agc*:>. 
‘I hc ingredients and eftecls of gunpowder lie was doubtU•^s 
acquainted with; and thunder and lightning, he tells us, 
may be produced by art; for though sulphur, nUic, and 
charcotil, when separate have no sensible ellect, yet when 
mixed togetlicr in due proporiioii, and closely confined, 
nnd fired, they yield a loud report. A more picciM* de¬ 
scription of gunpowder cannot be given in words. I!c also 
mentions a sort of unextinguishabic fire prepareii by art; 
which shows he was not unacquamtiul with jdio^phorus: 
and that he had some notion of the rarefaction of tlie air, 
and the structure of an air-pump, is past contradiction. 
He was ll>c miracle, says Dr. Friend, of the age he lived 
in, and the greatest genius, perhaps, for mechanical know¬ 
ledge, that ever apjiearcd in the world since Archimedes* 
He appeals also to have been master of the whole science 
of optics: he has accurately described the uses of reading- 
glasses, and shown the way of making them. Dr. Friend 
adds, that he also desciibes the camera obscura, and all 
sorts of glusSc5, which magnify or diminish any object, or 
bring it nearerUo the eye, or remove it farther otf. Bacon 
says himself, that he had great numbers of burning-glasses: 
and that there were none ever in use among the lill 

his friend Fclonde Mnhara Curia applied himself to the 
making of them. That ihc telescope was not unknown to 
him, appears from a passage where ho says, that he was 
able to form glasses in such a manner, with respect to our 
sight and the objects, that the rays shall be refracted and 
refiectod wherever wc please, so that we may sec a thing 
under what angle wc think proper, cither near or at adi* 
stance, and be able to read the smallest letters at an incre¬ 
dible distance, and to count the dust and sand from the 
greatness of the angle under which wc sec tim ot^ects; and 
also that wc shall scarce see tiic greatest bodies near us, 
on account of the* smallness of the angle under which wc 
view them. His skill in nstrotioiny was also very great: 
he discovered that error which occasioned the reformation 
of the calendar; one of the greatest cfTorts, according to 
Dr. Jebb, of human industry: and his plan for correcting 
it was followed hy pope Gregory xui, with this varia¬ 
tion, that Bacon would Itave had the correction to begin 
from the birth of our Saviour, whereas Gregory s amend¬ 
ment reaches no higher than the Niccnc council. 

BACON (Fra)«cja), baron of Verulam, viscount of St. 
Albans, and lord high chancellor of England under king 
James i. He was born in 1360, being son of Sir Nicholas 
Bacon, lord keeper of the groat seal in the reign nf Queert 
Lli 2 abcth, by Anne daughter of Sir Aniliony Cook, cmi- 
neJit for her skill in the Latin and Greek languages, lie 
gave cv^*n in bis infancy tokens of what he would one day 
become; and Queen Elizabeth had many times occasion 
to admire lus wit and talents, and used to call him her 
young lord keeper* He studied the philosophy of Aris¬ 
totle at Cambridge; where he made such progress in ge¬ 
neral literalurej that at l6 years of age he had run through 
the whole circle of the liberal arts as they were then taught, 


and even began lo pcrccisc* those imperfiXl*on$ jn (iu reign¬ 
ing philosophy winch he afterwards so elKttualls i 
and thence not only overcaine that tyranny whicii clu cked 
the progress of ivuo knowledgi*. but laid the foundation of 
tlial free and usHul philosophy wliich hav since opciud a 
way to so many glorious discoveries. On his leading the 
university, liis fnlher sent luin lo France; where, before 
he w as 19 years of age, h(‘ wrote a general \ iew of ilje state 
of Europe: but hid father dying, he was <>ljliged suddenly 
lo return to England; where lie a|)plicd Innisidf to the 
study of the common Jaw, at Gray*s-inn. merit at 

length raised him tojhe highest dignities in Ins profession, 
namely, those of aHorncy-geuerul, and )oi<l-hi 2 li-cliaiicel- 
lor. But being of an easy and liberal dispusilion. Ins ser¬ 
vants took advantage of tliat temper, and of their situation 
under him, by accepting presents in the line ot hi> jirofes- 
Sion. Being abandoned by the king, he was tried by the 
house of lords, for bribery and corruption, and by them 
seiitence<l lo pny a fine of 40,000/, nnd to remain prisoner 
in the Tower during the king's pleasure. The king iiow- 
oor soon after remitted the fine and punishment: but his 
misfortunes had given him a distaste lor public atikirs, and 
he afterwards mostly lived a retired life, closely pursuing 
his philosophical studies and amusements, during which 
time he composed the gr< atest part of his Knglish and La¬ 
tin works. 'Fhough even in the midst of his honours and 
employments he forgot not his pliilosophy, but in 16^0 
published his great work Novum Orgunum. After some 
years spent in his philosophical retirement, he died in I 626 , 
being 66 years of age. 

liie chancellor Bacon is one of those extraordinary 
geniuses who have contributed most to the advancement 
of the sciences* lie clearly perceivi'd the imperfection of 
tlic school philosophy, and pointc<l out the only means of 
reforming it, by proceeding in the o)>posile way, from ex- 
(leriments to the discos cry of the Uw*s of nature. Addisoo 
iios said of him, That he had die sound, distinct, compri'- 
hensivc knowledge of Aristotle* with all the Ix-autiful light 
graces nnd cmbcitishmonis of Cic<*ro. Mr. Walpole calls 
him the Prophet of Arts, which Newton was afterwards 
to dcvelopc and adds, that his genius and his works will 
be universally admired as long as science exists. He did 
not yet, said another git*nt man* understand nature, but 
he knew and pointed out all the ways that lead to her. 
Ho very early despised all dint the universities called phi¬ 
losophy; and used every exertion in his power that they 
should not disgrace her by their quiddities, their horrors 
of a vacuum, ihdr substantial forms, and such-like im- 
pertincncies. 

He composed two works for perfecting the sciences. 
The former On the Digoily nnd Augmentation of the Sci¬ 
ences* In this Ije shows the slate in w hich they then wore, 
and points out what remains to bo discovered for perfect¬ 
ing them ; condemning the method employed by Aristotle, 
of reversing the natural order of things. He here also 
proposes his celebrated division of the sciences. 

lio remedy the faults of the common logic, Bacon com¬ 
posed hts second work, the New Organ of Sciences, above 
mentioned* He here teaches a new logic, the chief end 
of which is to show how to make a good inference, as that 
of Aristotle’s is to make a syllogism. Bacon was ISyi^rs 
in composing this work, and he always esteemed it as the 
ciiicf of his compositions* 

The pains which Bacon bestowed on the sciences iu 
ocral, prevciited him from making any considerable appli- 
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I i to an VO p'u'iii ul.ji . ajnl ho ktiow ftial nn- 

' 'u.il philosophy i> ills* loiiii l oi all Uu* olherscii'nco^» 

ho cliicliy oiuJeavouriii lo ”ivo pcrlocnon lo ii. lie there¬ 
to iv piopo^'><l to <*sl(il>h^li a n* \v system ^>1 physics, reject- 
10 ^ tlic <1 ouiiltul principles ot lhi* anri< frts. For this pur¬ 
pose he inak the nsoliuti>n of tomposini'esery month a 
iroati*»o <>n some hraiicii <^1 piiysjcs; aiul accordhe- 
^aii uiili th.it (j| llieuiinl>; afhrnhich he g<ive iliat of 
licat ; iioNt that vl motion; anil laslly that ol life and 
death. Hot as it was itn] r>ssible that one man nlunr could 
so compos*' the whole cii cle of :^ciencrs with the sume pre¬ 
cision, alUM having given these pattern*, lo serve as a mo- 
ilei tor those who unghl choose to labour on his principles, 
lie contented hiniscit with tracing in a fmv words the dc- 
'•i^n of lourotlicr tracts, and with furnishing the materials, 
in his Silva ’^dvariun, where he has afi>a>se'i u vast luim- 
hi j ii cNpeumonts, to >cT^e hs> a foundation for his new 
])Ij) sics. In Jact,nuono belore Bacon unilerslood any thing 
of the expcriiui iilftl phllo^c>pIly; and of all the physical 
ex|)vrifnc'nts which hate heoii inmie since his time, there 
IS scarcely one that is not pointed out in his works. 

'Fills great precursor of philosophy was also an elegant 
writer, an historian, and u wdt. ills moral essays arc va¬ 
luable, hut arc formed more lo instruct than to please* 
'Flk re urc also inany excellent tilings in his work On the 
Wisdom of (h<* Ancients, in which he has moralised the 
fables which formed the theology of the Gn'cks and Ho- 
ninns. lie wrote also The History of Henry the 7th 
king of Knglund, by wliicli it appi*ars that Itc was no less 
a great politician than a gnat philosopher, 

Biicoii hud also some tdlicr writings, published at dilTc- 
rent times; the whole of which were collected together, 
and puhlislied at Frankfort, in the year 1665, in a large 
folio volume, with an introduction concerning his life and 
writings. Another edition of his works was also publish¬ 
ed ut London in 1740; llio enumeration of which is as 
below: • 

I. I)e Dignitalc et Augmerilis Scientiarum* 

3. Novum Orgnrium Scicntiariim, sivc Judicia vera dc 
Inlerprelalione Nntur®; cum Parasceve ad Historiam 
Naturalem el F.xperimentalem. 

3, Plu-enomena Universi, sivc Historia Naturalis cl Lx- 
perirncmulis dc Ventis; Historia Donsi et Ran ; Historia 
GravU et Levis; Historia Sympathia^ cl Antipnthiiv He- 
rum; Historia Sulphuric, Mercurii, ol Salis; Historia 
Vila* et Mortis; Historia Naturalis et Kxperimenialis dc 
Forma Calidi; Dc Motus, sivc Virtt)tis activee variis spe- 
ciebus; Ratio invenicudi causos Fluxus et Refluxus Ma¬ 
ris ; &c, fic. 

4, Silva Silvarum, sivc Historia Naturalis, 

5. Novus Atlas. 

6 , Historia Rcgni Henrici vtt Angli© Regis. 

7. Sermuncs Fidedes, LthicI, Polilici, Oeconomici. ' 

8 . De Snpientia Vetcrum. 

BACULF., in Fortification, a kind ofporlcuUis, or gate, 
made like u pit-fall; with a counterpoise, mid supported 
by two great stakes. It is usually made before the corps 
dc garde, near the gate of a place. 

BACULOMRTRY, the art of measuring either acces¬ 
sible or inaccessible lines, by the help of baculi, staves, or 
rods. Schwenter has explained this art,in his Gcometria 
Pmctica; and the rules of it are dedivered by Wolfius, in 
his Llemciits: Oeanam also gives an illuslraiion of the 
principles of baculometry. 

RAILLY (Jeak Svlvain), acelebratcdfrench astro- 


iioincT, historingrapbvr, and politician, was born at Paris 
the loth ot September 1736',and has Hgured as one of the 
grcalcsl men of the age, being n member of several acade¬ 
mic's, and an excellent scholar and writer. Mn enjoyed 
for several j cars the office of keeper of the king’s pictures 
al Paris. About the year J762, the theory of Jupiter’s 
satellites became a particular object of his inquiries; and, 
in the Competition for this prize question, he had a for- 
midahie rival in La Grange, generally considered as one 
of the greatest n.aihcmaticians in Europe. The results 
of his investigations were afterwards collected into a trea¬ 
tise, and published in 1 voi. 4to; also in 176'f), when it was 
preceded by a History of the Astronomy of these Satellite?. 
It) the Journal Encyclopedique for Alay and July 1773 , 
he addressed a letter to M. Ocrnoulli, astronomer royal 
at Ib rlin, on some discoveries relative lo these satellites, 
which he had disputed. In he published thcculogy 
of Leibnila, which obtained the prize at the Academy of 
Berlin, where it was printed. In 1770 he printed at Pa¬ 
ris, in 8 vo, the eulogies of Charles the 5th, also of Lccaille, 
of Ix'ibnitz, and of Cornciltc. This last had the second 
prize at the Academy of Rouen, while that of Mulicrc had 
the same honour at the French Academy. 

M. Railly was admitted into the Academy as Adjunct 
the i?9ih of January I7<>3, nn<l as Associate the 14ih of 
July 1770. Ill 1771 he was a candidate, under the pa¬ 
tronage of Budbn, for the office of Secretary; but the in¬ 
terest of Condorcet, and the influence of Dalembert, pre¬ 
vailed in favour of Condorcet. Of the Academic Fran- 
•foise, he was chosen Secretary in 1754; and he was ad¬ 
mitted in the following year into the Academy of Inscrip¬ 
tions and Belles Lettres, the only instance since Fontencllc 
of the same person bcingatonccamcmbcP of all the three 
Academies. In 1775 came out at Paris, in 4lo, his His¬ 
tory of the Ancient Astronomy, in 1 voir in 1779 ihc 
History of Modern Astronomy, in 2 vots; and in 1787 tlio 
History of the Indian and Oriental Astronomy, being the 
2d vol. of the Ancient Astronomy. 

M. Bailly’s memoirs, published in (he volumes of the 
Academy, arc as follow: 

Memoir upon the Theory of the Comet of 1759. ' 

Memoir upon the Epoquvs of the Muon’s motions at 
the end of the 17lh century. 

First, second, and third Memoirs on the Theory of Ju¬ 
piter’s Satellites; 1763 . 

Memoir on the Comet of 1762 ; vol. for 1763. 

Astronomical Observations, made at Noslon; 1764. 

On the Sun’s Eclipse of the 1 st of April, 1764 . 

On the Longitude of Polling; 1764 . 

Observations made at the iXuvrc from I 760 to 1764; 
1765. 

On the cause of the Variation of the inejinniion of the 
Orbit of Jupiter’s second Satellite; 1765 . * 

On the Motion ctf the Nodes, and on the Variation of 
■the Inclination of Jupiter’s Satellites; 1766 . • 

On the Theory of Jupiter’s Satellites, published by M. 
Boilly, also according to the Tables of their Motions and 
of those of Jupiter, published by M. Jeanrat; 1766 . 

Obscrvaliotiaon the Opposition of the Sun and Jupiter j 
176 ^ 8 . 

On the Equation of Jupiter's Centre, and on some other 
Elements of the Theory of that Planet; 1768 . 

On the Transit of Venus over the Sun, the 3d of June 
1769 ; and on the Solar Eclipse lha4lh of June the same 
year : 1709. 


B A I 


[ *01 ] 


la ihc beginning of the revolution in France, in 1789> 
M. Railly took an active part in that business, and was so 
popular and generally esteemed, that he was chosen the 
first president of the States General and of the National 
Assembly, and was afterwards for two years together the 
Mayor of Paris ; in both which offices he conducted him¬ 
self with great spirit, and gave general satisfaction. 

lie soon afterward however experienced a sad reverse 
of fortune; being accused by the ruling party of favour¬ 
ing the king, he was condemned for incivism and for want¬ 
ing to overturn the Republic; inconsequence he died by 
the guillotine at Paris, November 12, 1793» 57 years 

of age. 

BAINBRIDGB (Jouk), an eminent physician, as¬ 
tronomer, and mathematician, was born in 1582, at 
Ashby-de-Ia-Zouch, Leicestershire. Me studied at Cam¬ 
bridge, and having taken his degrees of Bachelor and 
Master of Arts, he returned to Leicestershire, where for 
some )ear$ he kept a grammar-school, and at the same 
time practised physic ; employing bis leisure hours in stu¬ 
dying mathematics, especially astronomy, which had bec*n 
bis favourite science horn his earliest years. By the ad¬ 
vice of his friends, be removed to London, where he was 
admitted a fellow of the College of Physicians. His de¬ 
scription of the comet which appeared in l6l8, greatly 
raised bis character, and procured him the acquaintance 
of Sir Henry Savile, who, in l6l9^ appointed him his first 
professor ofastronomy at Oxford. On bis removal to this 
university, he entered a master-commoner of Merton col¬ 
lege; the master and fellows of which appointed him ju¬ 
nior reader of Litiacer^s lecture in 1631, and superior 
reader in 1635. At the age of 40 he began the study of 
Arabic, with an intention of publishing correct editions of 
the ancient astronomers. Before completing tliat work 
however be died, in the year 1643, at 6l years of age. 

Dr. Bainbridgc wrote many works, but most of them 
have never been published; those that were published, 
were the three fojioving, via: 

1. An Astronomical Description of the late Comet, from 
the 18th of November l6l8, to the l6th of December fol¬ 
lowing; 4to, London, l6l9*—This piece was only a spe¬ 
cimen of a larger work, which the author intended to pub¬ 
lish in Latin, under the title of Coroctographia. 

2. ProcU Spbaera, Ptolcroaei de Hypotbestbus Planeta- 
rum Kber singularis. To which he added Ptolemy's Ca¬ 
non Regnorum. He collated these pieces with ancient 
manuscripts, and gave a Latin version of them, illustrated 
with figures: printed in 4to, 1620. 

3. Canicularia. A treatise concerning the Dog-star, 
and the Canicular Days: published at Oxford in 1648, 
by Mr. Greaves, together with a demonstration of the he¬ 
liacal riling of Sirius, the dog*star, for the parallel of Lower 
Egypt. Dr. Bainbridgc also undertook this work at the 
rfij^ucst of Archbishop Usher, but he left it imperfect; 
being prevented by the breaking out of the civil war, or 
by death. 

There were also several dissertations of bis prepared 
and committed to the press the year after bis death, but 
the edition of them was never completed* The titles of 
them are as follow: 

1st, AntiprognosUcon, in quo Mavrix^; Astrologies, 
CoelesUum Domfirum, etTriplicitatum Cummentis, mag- 
niique Saturni et Jovis (cujusmodi anno l623, et 1643, 
contigerunr, ct vicesimo fere quoque deinceps anno, rates 
Voi. L 
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naturae Icgibus recurrent) Conjunctionibus innixa?, Vanitas 
breviter detegiiur. 

2 nd, De Mcridionorum sive Longitudinum Ditfercnlii^ 
iiiveniendi» Dissertatio. 

Sd, Dc Siclla \'cneris Diatriba. 

Besides the fonguing, there were several other tracts, 
never printed, but left by hist will to Archbishop Usher ; 
among whose manuscripts thiy arc preserved in the library 
of the college of Dublin. Among which are the following: 
1. A Theory of the Sun. 2. A Theory of the Moon- 3. A 
Discourse concerning the Quuiuay of the Year. 4. Two 
volumes of Astronomical Observations. 5. Nine or ten 
volumes of Miscellaneous Papers relating to Mathematical 
Subjects. 

Baker (Thomas), a mathematician of some emi¬ 
nence, was born at Ilton in Somersetshire, in l625. He 
entered on his studies at Oxford in 1640, w here he remain¬ 
ed seven years. He was afterwards appointed vicar ot 
Bishop's-Nymmet in Devonshire, where he lived astudious 
and retired life for many years, chiefly pursuing the ma¬ 
thematical sciences, of which he gave a proof of his criti¬ 
cal knowledge, in the book he published, concerning the 
general construction of biquadratic equations, by a para¬ 
bola and a circle ; the title of which book at full length 
is, The Geometrical Key; or the Gate of Equations un¬ 
locked : or a new Discovery of the Construction of all 
Equations, howsoever affected, not exceeding the 4th de¬ 
gree, viz, of Linears, Quadratics, Cubics, Biquadratics, 
and the finding of all their Roots, as well False as True, 
without the use of Mcsolabo, Triscction of Angles, with¬ 
out Reduction, Depression, or any other previous prepa¬ 
rations, of equations by a circle, and any (and that one 
only) Parabole, 6ic:^ 1684, 4to, in English and Latin. 

There Is some account of this work in the Philos. Trans* 
an. 1684. And a little before his death, the Royal Society 
sent him some mathematical queries; to which he re¬ 
turned such satisfactory answers, as procured (he present 
of a medal, with an inscription honourable and respectful. 
Mr* Baker died at BisbopVNymmct, l690> in tbc 65th 
year of his age. 

BAKER (Henry), an ingenious and diligent natura¬ 
list, was born in Liondon about the beginning of the 18th 
century. He was brought up under an eminent bookseller, 
but being of a pldlosophical turn of mind, he quitted that 
line of business soon after the expiration of his apprcntict^ 
ship, and engaged bimscif in tcaclung deaf and dumb 
persons to speak and write &c, in which occupation, in 
the course of his life, he aoquired a handsome fortune. 
For his amusement he cultivated various natural and phi¬ 
losophical sciences, particularly botany, natural history, 
and microscopical subjects, in which he especially excelled, 
having, in the year 1744, obtained the Royal Society's 
gold medal, for his miscroscopicat experiments on toe 
crystallizations and configumtionsof saline particles. He 
also various papers published in the Philos. Trans, of 
the Royal Society, of which he was<t worthy member, as 
well as of the Societies of Antiquaries, and of Arts. Ho 
was author of many pieces, on various subjects, the princi¬ 
pal of which were, his Treatise on the Water Polype, and 
two Treatises on the Microscope, viz, Tiie Microscopemndt 
easy, and Employmeni for the Microscope, which have gone 
through several editions* 

Mr. Baker married Sophia, youngest daughter of the 
celebrated Daniel Defoe, by whom ho bad two sons, one 
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of whom, Henry Erskim- Baker, was tlic author of lire 
first eriii. of tl»c little work caili cl, Tlie Companion to the 
Play-iioiise. He terminated an liunonrnble and useful lift, 
ut his iipurtiTK iits in the Strand, on the ?5th of November 
177-i. henn: then upwards of 70 years of are. 

BAKI-R’s Ceniical Bulk, /or the C'winrMc/ion of 
E'[untinm ; is a method of constructin;' all equations, not 
excicilinr the 4th degree, by means of a given parabola 
und H circle, without any prevtous reduction of them, or 
first taking away their second term. Sec Central HuU. 

BALANCE, one of the six simple powers in mechanics, 
chiefly used in determining the equality or difference of 
weight in heavy bodies, and consequently their masses or 
quantities of matter. 

The balance is of two kinds, the ancient and modern. 
The ancient or Roman balance, called also Statcra Ro- 
mana.or Steelyard, consists of a lever or beam, moveable 
on a centre, ami suspended near one of its extremities. 
The bodies to be weighed arc suspended from the shorter 
end, and their weight is shown by the division marked on 
llie beam, where the power or constant weight, which is 
moveable along the lever, keeps the steelyard in equili- 
brio. ihis balance is still in common use for weighing 
heavy bodies. 

'i'he modern balance, now commonly used, consists of n 
lever or beam suspentled exactly at the middle, and having 
scales hung from the two cxlrcnittics, to receive the 
weights to be weighed. 

In cither case the lever is called the jngum or the beam, 
and its two halves on each side the axis, the brachia or 
arms; also the line on which the beam turns, or which 
divides it in two, is called the axis; which when consi¬ 
dered with regard to the length of the brachia, Is esteemed 
only a point, nttd called the centre of the balance, or 
centre of motion: the extremities where the weights arc 
applied, arc the points of application or suspension; the 
handle by which the balance is held, or by which the 
whole apparatus is suspended, is called trutina; and the 
slender part perpendicular to the beam, by which is deter¬ 
mined either the equilibrium or prcpondcrancy of bodies, 
is called the tongue of the balance. ' 

From thwe descriptions wc easily gather the charac¬ 
teristic distinction between the Roman balance and the 
common one, viz, that in the Roman balance, there is one 
constant weight used as a counterpoise, the point where 
it it suspended being varied; but, on the contrary, in the 
common balance or scales, the poitit of suspension remains 
the same, and the counterpoise is varied. '1 he principle 
of both of them may be easily understood from tbc gene¬ 
ral properties of the Irn-er, and the following observation^. 
See Lever. ® 

The beam ABC. the principal part of the balance, is a 

Icvor of the first kmd; but instead of resting on a fulcrum* 
It IS suspended by a handle, &c, fastened to its centre of 
motion B : and hence tlic mechanism of the balance do- 
pends on the same theorems as that of the lever.' Conse¬ 
quently as the distance between the centre of motion and 
the place of the unknown weight, is to the distance be- 
tween the same centre and the place of the known weight 
so IS the latter weight to the former. So that the un¬ 
known weight is discovered by means of the knotvn one 
and thdr distances from the common centre of motion • 
VIZ, If the distances from the centre be equal, then the two 
wcighu will bo equal also, as in the common balance; but 


if the distance*; be unequal, then the weights will aho be 
unequal, and in the very same proportion, alternalriy, the 
less weight liaving so much the gnuur distance, as in tbo 
steelyard. 

Tfie Common Balance or Scales. 

The two brachia ab, bc, 
should be exactly equal in 
length, and in weight also 
when their scales d and E 
are fixed on tlicircnds; the 
b<-am should hang exactly’ 
level or hori/oiilal in the 
case of an equipoise; for 
which purpose the centre of 
gnivity of the w hole should 
lall a little below the centre 
of motion, and but a little, that the balance be sufficiently 
sensible to the least variation of weight: the friction on tho 
centre should also be as small as possible. 




Having taken a proper bar of steel a b, tapering at the 
longer end, and very strong at the other, suspend it by a 
centre c near the shorter or thicker end, so that it may 
exactly balance itself in equilibrio, and prepare a constant 
weight 1 to weigh with: then hang on any weight, as one 
pound for instance, at the shorter arm, and slide the con¬ 
stant weight backwards and forwards upon the longer arm, 
till it be just in equilibrio with the former; and (hero make 
a notch and number I, for the place of 1 pound; t§kc off 
the lib, and hang n two pound weight in its stead at the 
shorter arm ; (hen slide (he constant weight back on the 
longer arm, till the whole come again into a state of equi¬ 
librium, making a notch at tho place of (ho constant 
weight and tlie number 2, for the place of 2lb. Pro¬ 
ceed in the same manner for all other weights, 3,4, j, dec; 
as also for (he intermediate halves and quarters, &.c, if it 
bc necessary; always suspending tbc variable weights at 
tbc end of the shorter arm, shifting (he constant weight so 
as to balance them, and marking and numbering the plflcbs 
on the longer arm where the constant weight always makes 
a counterpoise. Tbc use of the steelyard is hence very 
evident; the thing whose weight is required being suspend¬ 
ed by a hook at the short end, move the constant weight 
backwards and fonvards on the longer arm,' till the beam 
is balanced horizontally: then look what notch the con¬ 
stant weight is placed at, and its number will show the 
weight of the body that was reejuired. dc is the handle 
and toDguo; r tbc centre of motion; so a scale sometimes 
hung on at the end by the book u. < 
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ThisiiKtrumcnt operates by a fixed weight, c, increos* 
ing iti power as it ascends along the arc FC ufa circle, nnd 
pointing by an index to the number or division of tiie arc 
which denotes the weight of any body put into the scale at 
E. And thus one constant weight serves to weigh all 
others, by only varying the position of the arms of the 
balance, instead of varying the places or points of suspen¬ 
sion in the arms themselves. 

The Deceitful, or False Balance. This operates in the 
same manner as the steelyard, and cheats or deceives by 
having one arm a little longer than the other; though the 
deception is not perceived, because thesborterarmis made 
somewhat heavier, so as to compensate for its shortness, by 
which means the beam of the balance, when no weights 
arc in the scales, hangs horizontal in cquilibrio. The con¬ 
sequence of this construction is, that any commodity put 
in the scale of the longer arm, requires a greater weight in 
the other scale to balance it; and so the body is fallacious¬ 
ly accounted heavier than it really is. But the trick will 
easily be detected by making the body and the weight 
change places, removing them to the opposite scales, when 
the weight will immediately be seen to preponderate. 

The true weight of any thing may however bo found 
out by means of tbc false balance, in this manner: viz, 
Weigh tbc body first in the one scale, next in tbc other; 
then take a mean proportional between the two diflerent 
weights thus indicated, and that will be tbe true weight re¬ 
quired. Thus, suppose the two false weights be 7 and 

; the product of these two is 36, the square root of 
which, 6, is the true weight- Or, half the sum of the two 
false weights, 7 and 5f, which in this ease is 6,^, will 
commonly be very near the true weight, though always a 
very little loo much. 

Aua^Balance: This is a very nice balance, used in de¬ 
termining the exact weights of Very' small bodies. Its 
structure is but little difTerciil from the common sort; ex- 
cejjt that it is made of the best and hardest steel, and made 
to turn, with the smallest weight. For an account of se¬ 
veral balances, which have been constructed by dificrent 
persons for delicate experiments, consult the 66tli vol. of 
the Phil. Trans., also the tame work for 1799, P**'* 2. See 
also Nicholson's Cbcmistry, chap. 6, and Parkinson's 
System of Mechanics. 
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H^dtoslatical B itance. This is an instrument for di-- 
termining tlie specific gravity of bodies. Sec Hy dros i / - 
TICAL, ami SiT.cinc Gravity. 

Balance, in Astronomy, the same as Libra. 

Balance of a Clock or ft'aich, is that part which, by ii.- 
motion, regulates and doterinincs the beats. Tbe circular 
part of it is called the Rim, and its spindle tbe Verge; 
there belong to it also two pallets or nuts, tliat play in tin* 
fangs of Uu crown-wheel: in pockcl-watclics, that strong 
stud in wliitli the lower pivot of the verge plays, and in the 
middle of which one pivot of the crown-wheel runs, is called 
the Potence; the wrought piece wliich covers the balaitce, 
and in which the upper pivot of the balance plays, is the 
cock; and the small spring in tbe new pocket-wutches is 
called the Regulator. 

Balance of Forces, in Mechanics. See Co-mpocno 
i^Totion. 

B.4LCONV, a projcciurc in the front of a house, or 
other building, commonly supported by pillars or coii'ole , 
and encompassed by a ballustmdc. 

BALL, any spherical, globular, or round body. 

Ball, in tbc military art, signifies all sorts of biilieis 
for fire-arms, from the pistol up to the largest cannon. 
Cannon balls arc made of cast-iron; but the musket and 
pistol-balls of lead, as these are both heavier under the same 
bulk, and do not furrow tbc barrels of tbe pieces. 

Ball of a Pendulum, is the weight at the bottom of it; 
and is sometimes, especially in shorter pendulums, culled 
the Bob. 

Balls qf Fire, in Meteorology. See Fire Balls. 
Balls, in Electricity, invented by Mr. Canton, aro two 
pieces of cork, or pith of elder-tree, nicely turned in a 
lathe to the size of a small pea, and suspended by very deli¬ 
cate threads. They are used as electrometers, and are of 
excellent use to discover small degrees of electricity; and 
to observe its changes from positive to negative, or the re¬ 
verse; as also to estimate the force of .a shock before ihu 
discharge, so that the operator shall always be able to tell 
very nearly beforehand what the explosion will be, by 
knowing how high h(L.has charged his jars. 

BAIXISTA, a military engine much used by the an¬ 
cients for throwing stones, darts, and javelins; it somewhat 
resembled our cross-bovvs, but much larger and stronger. 
I'hc word is Latin, signifying a cross-bow; but is derived 
from the Creek to shoot, or throw. 

Vegetius informs us, that the ballista <liscliargcd darts 
with such violence and rapidity, that nothing could resist 
their force: and Ailienaeus adds, that Agistratus made one 
of little more than 2 feet in length, that shot darts 500 
paces. Authors have often confounded the ballista with 
threatapuRa, attributing to the one what belongs to the 
other. According to Vitruvius, the ballista was made after 
divers manners, though all were used for the same purpose; 
one sort was framed with levers and bars; another with 
pulleys; some with a crane; and others again with a 
toothed wheel. Marcclltnus describes the ballista thus: 
A round iron cylinder is fastened between two planks, from 
w hich reachesa hollow square beam placed cross-wise, fas¬ 
tened with cords, to which arc added screws. At one end 
of this stands the engineer, who puts a wooden shaft, or 
arrow, with a large head, into the cavity of the beam; this 
done, two men bend the engine, by drawing some wheels; 
when tbc top of the head is drawn to the utmost end of 
tbe cords, the shaft is driven out of the ballista, &«. 

The ballista is ranked by tbe ancients among the sling 
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kiiul, and its siructtirr and cfTect reduced to the principles 
<>t tiiHt in»l rumrnt; whence it is called by I iero and others, 
Funda, and Fundibiiius. Gunther calls it Balcarica ma- 
china, as a slini peculiar to the Balearic islands.—Ferrault, 
in his notes on Vitiusius, gives a new cunirivance of a like 
engine fur throwing bombs without powder. 

Fig. 1, Plate V, represents the ballista used in sieges, ac¬ 
cording to Folard : where 2, 2, denote the base of the bal¬ 
lista; 3, 4, upright beams; 5, 6', transverse beams; 7, 7» 
the two capitals in the upper transverse beam, (the lower 
transverse beam has also two similar capitals, which can¬ 
not be seen in this transverse figure); 9» 9i posts or 
supports for strengthening the transverse beams; 10, 10, 
(wo skaiiis of cords fastened to the capitals; 11, 11, two 
arms inserted between the two strands, or parts of the 
skains; 12. a cord fastened to the two arms; 13, darts 
which are shot by the ballista; 14, 14, curves in the up¬ 
right beams, and in the concavity of which cushions are 
fastened, in order to break the force of the arms, which 
strike against them with great force when the dart is dis¬ 
charged : l6, the arbor of the machine, in which a straight 
groove or canal is formed to receive the darts, in order to 
their being shot by the ballista; 17, the nut of the trigger, 

18, the roll or windlass, about which the cord is wound; 

19, a hook, by which the curd is drawn towards the cen¬ 
tre, and the ballista cocked; 20, a stage or table on which 
the arbor is in part sustained. 

Ballista, in Practical (ieometry, the same as the geo¬ 
metrical cross, called also Jacob’s Staff. See Cnoss-Sto/f. 

BALLISTIC Pf.v DULUM, an ingenious machine invent¬ 
ed by Benjamin Robins, for ascertaining tbc velocity of 
military projectiles, and consequently the force of fired gun¬ 
powder. It consists of a large block of wood, annexed to 
the end of a strong iron stem, having a cross steel axis at 
the other end. placed horizontally, about which the whole 
vibrates together like the pendulum of a clock. This ma¬ 
chine being at rest, a piece uf ordnance is pointed straight 
towards the wooden block, or ball of this pendulum, and 
then discharged: the consequence is thisj the ball dis¬ 
charged Iroiii the gun strikes and enters the block, and 
causes the pendulum to vibrate more or less according to 
the velocity of the projectile, or the force of the blow; and 
by observing the extent of the vibration, the force of that 
blow becomes known, or the greatest velocity with which 
the block is moved out of its place, and consequently the 
velocity of the projectile itself which struck the blow and 
urged the pendulum. 

A more minute and particular description may be seen 
in my 1 racts, vols. 2 & 3, where are giv^n the various rules 
for using it, and for computing the velocities, with ffmul- 
tilude of accurate experiments performed with cannon 
balls, by means of which the most useful and important 
conclusions have been deduced in military projectiles and 
the nature of physics. ,In those Tracis are detailed at- 
great length many experiments of the same kind, by dis¬ 
charging cannon balls at various distances from the block; 
from which have resulted the discovery of a complete se¬ 
ries of the resistances of the air to balls passing through it 
with all degrees of velocity, from 0 up to 2000 feet in a 
second of time. 

Other writers on this subject arc Euler, Antoni, Le Roy, 
Darcy, &c. See also Robins's Mathematical Tracts. 

BALLISTICS, is used by some for projectiles, or the art 
of throwing heavy bodies. Mersenne has published a trea¬ 
tise on the projection of bodies, under this title. 


BALLOON, or Ballok, in a general sense signifies any 
spherical hollow body. Thus, with chemists, it denotes 
a round short-nccked vessel, used to receive what is dis¬ 
tilled by means of fire: in archileciure, a ball or globe on 
the (op of a pillar, &c: and among engineers, a kind of 
bomb made of pasteboard, and played otT in fireworks, in 
imitation uf a real iron bomb-shell. 

i^ir-BA LLooN. See Aerostation. 

BALLUS'FER, a small kind of column or pillar, used 
fur ballusl fades. 

BALLUSTRADF-, a series or row of ballustcrs, joined 
by a rail; serving for a rest to the arms, or as a fence or 
incldsure to balconies, altars, staircases, &c. 

B.AND, in Architecture, denotes any flat low member, 
or moulding, that is broad, but nut very deep. The word 
/ace sometimes means the same thing. 

BANQUET, or Banquette, in Fortification, a Tittle 
foot-bank, or elevation of earth, forming a path along the 
inside of a parapet, for the soldiers to stand upon to dis¬ 
cover the counterscarp, or to fire on the enemy in Uie 
moat, or in the covert way. It is commonly about 3 fret ■ 
wide, and a foot and a half high. 

B \RITONO, in Music, a voice of low pitch between a 
tenor and hass. 

BARLOWE (William), an eminent mathematician 
and divine, of the l6lh century, lie was bom in Pem¬ 
brokeshire, his father (William Barlowe) being then buhop 
of St. David's. In 1500 he was entered commoner of Ba- 
liol college, Oxford; and in 1564, having taken a degree 
in arts, he left the university, and went to sea; but in what 
capacity is uncertain: however he thence acquired consi¬ 
derable knowledge in the art of navigation, as his writings 
afterwards showed. About the year 1573, he rutercil into 
orders, and became prebendary of Winchester, and r'Ctoi 
of Easton, near that city. In 1588 he was made preben¬ 
dary of Litchfield, which he exchanged for the oflico of 
treasurer of that church. Mo afterwards was appointed 
chaplain to prince Henry, eldest son of king James the 
First; and, in l6l4, archdeacon of Salisbury. Barlowe 
was especially remarkable for having been the first writer 
on the nature and properties of the loadstone, 20 years be¬ 
fore Gilbert published his book on that subject. He was 
the first who made the incllnatory instrument transparent, 
and to be used with a glass on both sides. It was Barlowe 
also who suspended it in d compass-box, wlierc, witb 2 
ounces weight, it was made fit for use at sea. He (ilso 
found out the diflcrencc between iron and steel, and (heir 
tempers for magnctical uses. He likewise discovered the 
prppcr way of touching magnctical nccdU^; and of piecing 
and cementing of loadstones; and also why a loadstone, 
being double-capped, must take up so great a weight. 

Barlowe died in the year l625.—His works are as 
follow: 

‘ 1. The Navigator’s Supply, containing ’many things of 

principal importance bcipnging to Navigation, and use of 
diverse Instruments framed chiefly for that purpose. Lond. 
1597, 4to; dedicated to Robert carl of Essc.x. 

2. Magnetical Advertisement, or Diverse pertinent Ql^ 
servations and improved Experiments concerning the na¬ 
ture and properties of the Loadstone. Lond. 1616, 4to. 

3. A Brief Discovery of tbc idle Animadv^ions of 
Mark Ridley, M. D. upon a treatise entitled M^nctical 
Advertisements. Lond. 1618, 4lo. 

In the first of these pieces, Barlowe gave a demonstra¬ 
tion of Wright’s or Mercator’s division of the meridian 
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line, as communicated by a friend ; observing that This 
manner of cardc bas been jmbliquely extant in print these 
thirtie ycarcs at least [be should have said 2S only], but 
a cloucle (as it were) and thicke mistc of ignorance doth 
keepe it hitherto concealed : And so much the more, be¬ 
cause some who were reckoned for men of good knowledge, 
have by glauncing speeches (hut never by any one reason 
of moment) gone about what they could to disgrace it." 

This work of Barlowe's concaiii*^ descriptions of several 
instruments for the use of Navigation, the principal of 
which is an Azimuth Compass, with two upright siglits; 
and as the author was very curious in making experiments 
on the loadstone, he treats well and fully upon the Sea- 
Compass. lie also treau*d still farther on the same in^tru* 
ment in his second work, the Magnetical Advertisement* 

BAROMETER, an instrument for measuring the weight 
or pressure of the atmosphere; and by that means the va¬ 
riations in the state of' the air, foretelling the changes in 
the weather, and measuring heights or depths, 

I'his instrument is founded on what is called the Torri¬ 
cellian experiment, related below, and commonly'consists 
of a cylindrical glass tube, open at one cud; which being 
first filled with quicksilver, and then inverted vvith the open 
end downwards into a bason of the same, the mercury de¬ 
scends in the tube till it reatains at about the height of 29 
or 30 inches, according to the weight or pressure of the 
atmosphere at the time, which is just equal to the weight 
of that column of the quicksilver* Hence it follows that, 
if by any means the pressure of the air be altered, it will 
be indicated by the rising or falling of the mercury in the 
tube; or if the barometer be curried to a higher station, 
the quicksilver will descend in ihe cylinder, but when car¬ 
ried to a iowi'r place, it will rise higher in the tube, ac¬ 
cording to the difference of elevai ion helwi en the two places. 

History of the Baro/aerrr.—About the beginning of the 
17 th centur), when the doctrine of a plenum was in vogue, 
it W'as a common opinion among philosophers,* that the 
ascent of water in pumps was owing to whut they called 
nature 5 abliurrence of a vacuum; and that in consequence 
fluids rnight be raist iEby suction to any whatever. 

But an accident having discovered, that water could not 
be raised in a pump unless the sucker reached to within 
33 fci't of the water in the well, it was conjectured by Ga¬ 
lileo, wb<i flourished about that time, that there might be 
some other cause of the ascent of water in pumps, or at 
least that the effect of this abhorrence was limited to the 
finite height of 33 feet. Being unable to satisfy himself 
on this bead, he recommended the consideration of the dif¬ 
ficulty to'J'orricelli, who had been his disciple/ After some 
time Torricelli fell upon the suspicion that the pressure of 
the atmosphere was the cause of tlie asceut of vvatcr in 
pumps; that a column of water 33 feet high whs a just 
counterpoise to a column of air, of the same base, and 
which extended up to the top of the atmosphere; and 
that this was the true reason why the watef did not follow 
the sucker any farther. And this conjecture was soon 
after confirmed by various experiments. Torricelli con¬ 
sidered, that if a column of w ater 33 feet high were a coun¬ 
terpoise lit a* whole coiumu of the atmosphere, then a co¬ 
lumn of mercury of about 2 feet and a half high would 
•Jso be a coimicrpoise to it, since quicksilver is nearly 14 
limes heavier than water, and so the 14lh part of the height, 
or 2 feet and a half, very nearly, would be as heavy as the 
column of water* This reasoning was soon verified; for 
having filled a glass tube with quicksilver, and inverted it 


20 s ] 

into a bason of tbc same, the mercury presently doscc nd(>fl 
till its height, above that in the bason, was about two net 
and a half, ju^t as he had estimated. And llu> is what 
from him, been e«iUe<l the 1 orrjcelli.in experiment. 

ihe new opinion, 'vjih this confirmation ot it. was 
readily acquiesced in by most of the philosophers, wlio 
repeated the experiment in various wa\ s. Ulliers liowever 
still adhered to the old doctrine, ;iinl laivd several pre¬ 
tended objections against the new om*; nucIi as lliat then 
was a film or imperceptible rope ot nu rcuty, exti^nded 
tbnmgli the upper part of the tulie, wlncli relained the co¬ 
lumn of mercury, and kept it from tailing into (hat in the 
bason. This and other objections were however soon over¬ 
come by additional confirmations iif the Hue doctrine, pni- 
ticularly by varying tlic elevation of (he place. It 
hinted by Descartes and Pascal, that if (he mercury be 
sustained in the tube by the pressure of the atmosphere, by 
carrying it*to a higher situation, it would descend lower 
in the tube, having a shorter column of the atmosphere 
to sustain it, and vice versa. In consequence of^which, 
Pascal engaged liis brother-in-law, M. Perier, to try tliat 
experiment for him, being more conveniently situated for 
that purpose than he was at Paris. Ihis he accordingly 
executed, by observing the height of the rjuicksilvcr in 
the tube, first at the bottom of the Puy dc Dome, a 
mountain in Auvergne, and then at several stations, or dif¬ 
ferent altitudes, in ascending, by which it was found that 
the mercury fell lower and lower all the way to the top of 
the mountain; by this means confirming the truth of the 
doctrine relating to the universal pressure of the atmo¬ 
sphere, and the consequent suspension ot the mr rciiry in the 
tube of the barometer Thus, by the united endeavours of 
Torricelli, DcscarU-s, Pascal, Mersenne, Huygens, and 
others, the cause of the suspension ot the quicksilver in the 
lube of the barometer became pretty generally esiablislicd. 

It WHS some lime bosvevcr alter this general consent, l>c- 
fore it was known that the pressure ol ilic air was various 
at different times, in the same place. This could not how* 
ever nMuain long unknown, as the frequent me^uring of 
the column of mercury, must soon show its variations in 
altitude; and experience and observation would presently 
show that those variations jn the mcrciiiial column, 
were always succeeded by certain changes in iht‘weather, 
as rain, wind, frosts, &c. Hence this inNtruinent soon 
came into use as the means of foretelling the changes of 
the weather; and on this account it obtHined the name of 
the weatiicr-glass, as it.did that bf barometer from its be¬ 
ing the measure of tbc weight or pressure of the air. IVc 
may now proceed to take a view of its various forms und 
uses- 

The Common Barometer. This is represented at fig. I, 
plate iv, in the same form as it was invented by Torricelli. 
A Bis a glass tube, of i,or or inch wide, the more the 
bet(cr# and about 34 inches long, Wing hermetically seal¬ 
ed at the top A, and the open end n iinmeraed in a bason 
of quicksilver CD, which is also the better the wider it is* 
To fill Ihis, or any other baronn^ter; take a clean new 
glass tube, of the dimensions above named, and pour into 
it well purified quicksilver, with u sniull funnel, either of 
glass or paper, in a fine continued streain^ till it wants 
about half an inch or an inch of being full ; then stop¬ 
ping it close with the finger, invert it slowly, und the air 
in the empty part will ascciui gradually to the other end, 
collecting in its ascent such other small air-bubbles us 
unavoidably get into the tube among the mercury, when 


B A U 


BAR 


[ $o6 ] 


filling it nith the funnel: and thus couUiuie to invert it 
w'vonil times, turrnii^ ilic two end* Hllcrnalely upwards, 
till all tlic air-bubbles are collected, and brought up to 
the open end of the lube, or till the part filled shall ap* 
pear, vvitbout speck, like a fine polished steel rod. I'his 
done, pour iii more quicksilver, to fill the empty part 
entirely, and so ox clinic all air 1‘rom the tube : then, stop¬ 
ping the orifice again with the fingor, invert the lube, and 
immerse the finger and end, thus stopped, intp a bason of 
like purified quicksilver; in thU pobition withdraw the 
finger, bO shall the mercury descend in the tube to some 
place, as k, between and 01 inches above that in the 
bason at r, these being the limits between which it always 
stands in this country on the common surface of the earth. 
Then meusurc, from the surface of the quicksilver in the 
bason at f, 26 inches to o, ami 31 inches to ii, dividing 
the space between them into inches and tenths, which arc 
marked on a scale placed against the side of the tube; 
and the tenths are subdivided intu hundredth parts of an 
inch by a sli<ling index carrying a vcFtticr or nonius. (See 
art. ^'ernicr.) I hose 3 inches, between 28 and 31, so 
divided, will answer for all the ordinary purposes of n sta- 
tionnry or chamber barometer; but for.experiments on 
altitudes and depths, it is proper to have the divisions car¬ 
ried on somew hat higher, and a great deal lower dow n. 
In the proper filling and otherwise fitting up of the baro¬ 
meter, several circumstances arc to be carefully noted; 
as, that the bore of the tube be pretty wide, to allow the 
freer motion of the quicksilver, without being impeded 
by an adhesion to the sides ; that the bason below it be 
also tolerably large, at least 10 times larger in diameter 
than that of the tube, in order that the surface of the mer¬ 
cury at F may not sensibly rise or fall with that in the tube; 
for the numben marked in the scale annexed to the tube, 
denote their distance from a certain fixed point,and there¬ 
fore cannot truly indicate the height of the column above 
the mercury in the vc*s$ol, unless its surface coincides with 
this point, and be immoveable; also, that the bottom of 
the tube be cut off rather obliquely, that when it rests on 
the bottom of the bason there may bo a free passage for 
the quicksilver; and that, to base the quicksilver very 
pure, it is best to boil it in«ihe tube, in order to expel the 
air from it, which may be done by the following simple 
process. Having procured a tube of linci or 3 lines in 
bore, and about half u line in thickness, fill it with mer¬ 
cury within two inches of the top, and hold it with the 
S(»lcd end lowest, in an inclined position, over a chafing- 
dish of burning charcoal, presenting first the scaled end 
to the fire, and moving it obliquely over the chafing-disb. 
As the mercury is heated, the aiir-bubbles will assume an 
appearance like so many studs on the inner surface of the 
. tube, and gradually rushing into one another, ascend to¬ 
wards the higher parts of the lube, which are not heated; 
here they arc condensed and almost disappi-ar, and uflcr 
repeated emigrations they acquire a hulk by their union, 
which enables them at length to escape. When the mer¬ 
cury boils, its parts strike against each other, and 
against the sides of the tube, with such violence, that a 
person unaccustomed to this operation ii ready to appre¬ 
hend their force to be sufficient to break the tube. The 
merc*Qry is thus freed from all heterogeneous particles 
contained in it, togelthcr with their surrounding atmo¬ 
spheres, and the air which lines the inside of the tube 
which cannot be expelled in any other way, is discharged j 
when this lasUraentioncd stratum of air is thus expdied, 


titc tui)C may bo afterwards emptied/and filled c\‘cn with 
cold mercury, ami will be found nearly as free from the 
air as before : the mercury in the tube thus prepared,will 
rise higher than in those of the common sort, aitd the ba* 
romeU-rs will more nearly correspond with <ftch other, 
wlicreas there wifi be a difference of O' or 8 lines in the 
ascent of the mercury in the common barometers. When 
tins operation is completed, the mercury generally re» 
mains suspended at the top, and will not descend to its 
proper level uilhout shaking the tube to bring it down. 
The tubes, which should not be chosen less than 3 feet long, 
may now be filled to their proper length. 'I bis barometer 
is commonly fitted up in a neat mahogany case, together 
with a thermometer and hygrometer, as represented in 
plate fig. 13. 

As the scale of variation is but small, being included 
within ^ inches in the common barometer, several contri* 
vanccs have been devised to enlarge the scale,or to render 
the motion of the quicksilver more sensible. 

Descartes first suggested a method of increasing the sem 
sibiliiyi which was e.vccuted by Huygens. This was cf* 
fcctcd by making the barometrical tube end in a pretty 
iar^e cylindrical vessel at top, into which was inserted aU 
so the lower or open end of a much finer tube than the 
former, which was partly filled with water, to give little 
obstruction by its n eight to the motion of the mercury, 
while it moved through a considerable space of the very 
line tube by a small variation of the mercury below it, and 
so rendered the small changes in the state of the air very 
sensible. But the inconvenience was this, that the air con¬ 
tained in thcwatcrgraduallydisengaged itself, and escaped 
through into the vacuum in the top of the small tube, till 
it was collected in a body there, and by its elasticity pre¬ 
venting the free rise of the fluids in tbe tubes, spoiled the 
instrument as a true barometer. And this, it may be ob¬ 
served by-the'byc, is the reason why a water barometer 
cannotsuccced. Thisbaromctcrishcrercprcscntodinfig.2, 
where CD is the vessel, in which arc united the upper or 
small water tube ac, with the lower ormcreuriat one cb. 

To remedy tips inconvenience, hkiygens thought of pla¬ 
cing the mercury at top, end the water ut bottom, which 
he thus contrived, adg (fig. 3) is a bent tube hermefi- 
Cully sealed at a, but open at o, of about one line in di¬ 
ameter, and passing through the two equal cylindrical ves¬ 
sels nc, KF, which arc about 20 inches apart, and of 13 
lines diameter, their length being 10. The mercury being 
put into the tube, will stand between the middle of the 
vessels EF and nc, the remaining space to A being void 
both of air and mercury. Lastly, common water, tingod 
with a 6lh part of aqua regia, to prevent its frecsing, it 
poured into the tube ro, till it rises a foot above the mer¬ 
cury in DF. To prevent the water from evaporating, a 
drop of oil of sweet almonds flouts on the top of it. But 
the column of water will be sensibly nlTectcd by heat and 
cold, and consequently the accuracy of the instrument will 
be spoiled. For which reason other co.ilrivances Irave 
been maite, as below. 

The Horixontal or Rectangular Barometer, fig. 4, was in¬ 
vented by J. Bernoulli and Ca^iniwhere au is a pretty 
wide cylindrical part at the top of the lube, which tube 
is bent at right angles at c, the lower part of it cd being 
turned into the borisontal direction, and closed above at 
A, but open at tho lower end s, where the mercury can¬ 
not run out, being opposed by the pressure of the atmo¬ 
sphere. This and the fbn^iug contrivance of Huygens 
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founded on a theorem in hydrostatics, vi;?, that fluids 
of the same base, press according to iherr perpendicular 
altitude, not according to the quantity of their matter; so 
that tho same pressure of the atmosphere sustains the 
cjuicksilver that Alls the tube acd, and the cistern n, as 
^^ould support the mercury in tlie tube atone. Hence, 
having fixed upon tho siire of the scale, a> suppose tlie ex¬ 
tent of 12 inches, instead of the 3, in the common baro¬ 
meter from S8 to 31, that is 4 times as long; then the 
area of a section of the cylinder a a must be 4 times that 
of liie tube, and consequently its diameter double, since 
(Ik' areas of circles are as the square^ of their diameters: 
then for every natural variation of an inch in the cylinder 
AB, there will be a variation of 4 inches in the tubecD.— 
But on account of theattrition of the mercury against tho 
sides of the glass,and the great momentum from tlie quick 
motion in cp, the quicksilver is apt to break, and the rise 
and fall is no longer equable; and besides, the mercury Is 
apt to be thrown out of the orifice at D by sudden mo- 
tjons of the machine. 

TAe Diagonrj/Baromc/n^ of Sir Samuel Moreland, fie. 5, 
is another method of cjdarging the natural scale of 3 inches 
perpendicular, or cn, by extending it to any length hc in 
an ol>lique direction. This is liable in some degree to the 
^nme inconvenience, from friction and breaking, as the 
horizontal one: and hence it is found that the diagonal 
part BC cannot properly be bent from the perpendicular 
liiorc than in on angle of *45^, which only increases the 
scale nearly in the proportion of 7 to 5. 

Dr^J/ooics Wheel Barometer^ fig. 6. This was invented 
about i6 (>8, and is meant to render the alterations in the 
air more sensible. Here the barometer-tube has a large 
ball AB at top, and is bent up at the lower or open end, 
where an iron ball o floatson the top of the mercury in 
the tube, (o which is connected another ball ii by a cord, 
hanging freely over a pulley, turning an index ki. about 
its centre. When the mercury ris<.^ in the part ro, it raises 
the ball, and the other ball descends and turns the pulley 
with the index round a graduated circle from B towards 
M and v\ and the contrary way when the quicksilver and 
the ball sink in the bent part of the tube. Hence the scale 
IS cusily enlarged 10 or 12 fold, being increased in pro¬ 
portion of the axis of the pulley to the length of the index 
KL. But (hen tho friction of ibc pulley and axis is some 
obstruction to the free motion of the quicksilver. Con¬ 
trivances to ledscm the friction &c, may also be seen in the 
Rhilos. Trans, vol. 52, art. 29, and vol. 60, art. 10: 

The fiteelyard BarometCTy for so that may be called 
which is represented by fig. 7, whicli enlarges the scale in 
the* proportion of the shorter to the longer arm of the steel¬ 
yard. AB is (h&barometer tube, closed at a and open at 
a, immersed in.a cylindrical glass crsteni CD, which is but 
very little wider than the tube ab is. The barometer 
tube is suspended to the shorter arm of an index like a 
•toclyard, moving on the fulcrum £, and the extremity of 
its longest arm pointing to the divisions of a graduated 
arch, with which index the tube is nearly in eqnilibrio. 
When tlic pressure of the atmosphere is lessened, the mer¬ 
cury descends out of the lube into the cistern, which raises 
the tube and •the shorter arm of the index, and conse¬ 
quently the extremity of the longer moves downwards, 
and passes over a part of the graduated arch. And on the 
conlraiv ibis moves upwards when the pressure of (he 
atmosphere increases. 

TltcPoidant hat (meter f figS, was invented by M.Amon- 


tons, in 1()95. It consists ot a single conical tube \b, 
ljung up by a thread, tJic larger or open end downwani^, 
and having no vessel or cisleri), because the conical figure 
supplies that, aiul the column of mercury sustained is al¬ 
ways equal to that in the common barometer tube; which 
iscffecud thus: when the pressure <>l the ajir is less, the 
mercury sinks down to a lower and wider part of the lube, 
and consequently the altitude of its column w ill be less ; 
and on the contrary, by a greater pressure of the atmo¬ 
sphere, the mercury is forced up ton higher and narrower 
part, till the length of the column ci> be e(|ual to that in 
the tube of the common barometer.—'1 he inconvenience 
of this barometer is, that a» the bore must be made very 
small, to i^reveni the mercury from falling out by an ac¬ 
cidental shako, the frictio^ and adhesion to the sides of the 
lube prevent the free motion of the mercury. 

.1/r. Roxvning^s Compound Barometers, This gentleman 
has several contrivances for enlarging the scale, and that 
in any proportion whatever. One of these is described 
in the Philos. Trans. No. 427, und also in his Nat. Philos, 
part 2; and another in the same part, which is here re¬ 
presented at fig.p. ABC is a compound tube, hermeti¬ 
cally scaled at A, and open at c; empty from a to d, till¬ 
ed with mercury from thence to b, and from hence to h 
with water. Hence by varying the proportions of the two 
tubes AV and fc, the scale of varialiun may be changed in 
any degree. 

The Marine Barometer, This was first invented by Dr. 
Hooke, to be used at sea, being contrived so as not to be 
aflTected or injured by the motion of the slop. His con¬ 
trivance consisted of a double thermometer, or a couple 
of tubes half filled with spirit of wine; the one sealed at 
both ends, with a ({uaiitity of air included ; the other scal¬ 
ed at one end only. The former of these is afl'ecled only 
by the warmth of the air; but the other is afl'ected both 
by the exiornal warmth and by the variable pressure of 
the atmosphere, lloncc, considering the spirit Ibcrmo- 
meter as a standard, the cxci-ss of the rise or fall of the 
other above it will show the increase or decrease of the 
pressure of the atmosphere. This instrument is described 
by Dr. Halley, in the Philos. Trans. No. 269, where he 
says of it, 1 had one of these barometers with me in my 
late southern voyage, and it never failed to prognosticate 
and give early notice of all the bud weather wc had, so 
that I depended thereon, and made provision accordingly; 
and from my own experience I conclude, that 0 more use¬ 
ful contrivance hath not for this long time been oflered for 
the Inmefit of navigation.’^—Dr. Houke also contrived an¬ 
other barometiT, similar to that of Mr. Rowning hbovc 
described. The Rev. J. Wilson has also di*scribod a me¬ 
thod of insuring the sensibility of the barometer ad libi¬ 
tum. Sec Nich. Journal, No. 9* new series. 

Mr. Naime, an ingenious artist in I^ndon, has lately 
invented a new kind of Marine Barometer; which diflers 
from the common barometer by having the lower part of 
the tube, for about 2 fvet in length, mads very small, to 
check the vibrations of the mercury, which would other¬ 
wise arise from tlie motions of the slop. This is also assist¬ 
ed by being fixed in gimbals, by a part which subjects it 
to be the least aflected by such motions* 

Another sort of Marine Barometer has also been in¬ 
vented by M. Passemente, nn Ingenious artist at Paris* 
This contrivance consists only in twisting the middle of 
(he tube into a spiral two revolutions; by which contr^ 
vance the impulses which the mercury receives from tho 
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motions of tlio ship arc <li-stroycd, by being transmitted 
ni contrary directi<Mis. 

M<*isrs. \V. and S. Jones of London, have also con- 
sUucied i\so excellent Marine Baroniclers, which seem to 
be well adapted to the purposes intended, 

Tftt Statical Baroscope^ or Barofnetci y of Mr. Boyle,&c. 
'rhis consists of a large glass bubble, blown wry thin, and 
then balanced liy a small brass weight. Hence these two 
bodies being of uiiciju.il bulk, the larger will be very much 
aflbeted by a change of the density of the medium, but the 
less not at all that is perceptible: so that, when the atmo¬ 
sphere becomes denser, the ball losi^s more of its weight, 
and the brass weight preponderatc^s 5 and contrariwise 
when the air grows lighted. 

.1/r. Canvett^s BnroicopCf or Barometer. This is described 
in th(* Philos. 'IVuns. vol. 24^, and seems to be the most 
sensible and exact of any. ]t is thus <iescribcd : Suppose 
ABCO (Fig> 10} a buck<*l of water, ivheiein is placed the 
baroscope xiesyotm, which consists of a body ami a 

tube czyo, which arc both concave cylinders, made of tin, 
or lallicr glass, and communicating with each othiT. I hc 
bottom ol the tube zy has a leaden weight to sink ir, so 
that the top of the body may just swim even with the sur¬ 
face of the water by the addition of some grain weights on 
the top. When the instrument is forced with its mouth 
downwards, the water ascends into the tube to the height 
yn. To the tup isadfled a small concave cylinder, or pipe, 
to keep the instrument from sinking down to the bottom : 
md is a wire: and ;;nV, <Ie arc two threads oblique to the 
surface of the water, which perform the office of diago¬ 
nals: for while the instrument sinks more or less by an 
alteration in the gravity of the air, there where the surface 
of the water cuts the thread is formed a small bubble, 
which ascends up the thread while the mercury of the 
common baroscope ascends, and vice versa. 

It appears from a calculation which the author makes, 
that this instrument shows the alterations in (he air 1200 


times more accurately than the common barometer. He 
observes, that the bubble is seldom known to stand still 
even for a minute; that a small blast of wind, which can¬ 
not be heard in a chamber, will sensibly make it sink; and 
that a cloud passing over it always makes it descend, &c« 

While some have been increasing the sensibility of the 
barometer by enlarging the variations, others have endea¬ 
voured to make it more convenient by reducing the length 
of the tube. M. Arnontons, in IC 88 , first proposed this 
alteration In the structure of barometers, by joining seve¬ 
ral tubes to one another, alternately fiHc<l with mercury 
and ^Jth air, or some other fluid 5 and the number of 
these lubes may be increased at pleasure: but the con- 
trivanec is perhaps more ingenious than useful. 

flf. Muiran^s reduced Barometer^ winch is only 3 inches 
long, serves the purpose* of a manometer, in showing the 
dilatations of the air in the receiver of an air-pump; and 
inslruinenlb of this kind are now commonly applied to this 
use. . 

Tfie Portable Barometer^ is so contrived that it may be 
carried from one place to another without being disor¬ 
dered. The end of the tube is tied up in a leathern bag 
not quite full of mercury; which being pressed by the air, 
forces the ineicury into the tube, and keeps it Suspended 
at its proper height. This bag is usually incIoSbd in a 
box, through the bottom of which passes a screw, by 
means of which the mercury may be forced up to the top 
of the tube, and prcvcotod horn breaking it by dashing 


against the top when the instrument is removed frpm one 
station io another It seems Mr. Patrick flrst made a 
contrivance of this kind : but the portable barometer has 
reccivc<i various improvements since; and the most com¬ 
plete of (his kind has been «described by hi. Dc Luc, in 
his Rechcrchcs, vol. 2, pa. 5 A'c, together with the appa¬ 
ratus belonging to it, the method of construction and use, 
and the advantages attending it. Improvements have also 
been suggested by Sir George Shuckhurgli, and C(d. Roy, 
uiiich have been carried into c.vecution, with farther im¬ 
provements also, by Mr. Hamsden, and other ingenious 
ar:i<t$ in L/mdon. 

Sir Henry Kr>glcfleld has likewise much simplified (he 
portable bar<unoter, reducing its weight to less than 4 
pound and a half. See Nicholson's lournal, No. 55; Phi¬ 
los. Mag. No. 117; or Relrospcct of Discoveries, No, 13 , 

Fi;;. II represents this instrument, as inclosed in iu 
mahugaiiy ca&c by’nu-an&of three metallic rings aaa. This 
case is a hulluw cone, so shaped within as to contain 
stc'Hdily the body of the barometer, and is divided into 
thror branches froin b to c, forming three legs or^upporis 
fur tlie in\truinent when observations are making, and 
sustaining it at the part d of the case, as it appears in Fig. 
12 , by an improved kind of gimbals, in which its own 
weight renders it sufli icntly steady at any lime. 

A thermometer is always attached to the instrument, as 
a necessary appendage to it, being fastened to the body at 
h, and sunk into the surface of the frame, to preserve ft 
from injury; (he degrees of this thermometer arc marked 
on two scales, otic on each side of it, viz, the scale of 
Fahrenheit, and that of Reaumur; the freezing point of 
the former being at 32, and of the latter at 0. Also on 
the right-hand side oC these two scales there is a third, 
called a scale of correction, placed oppositely to that of 
Fahrenheit, with the word add and subtract marked, which 
shows the ncccssdry correction of the observed altitude of 
the mercury at any given temperature of the air, indicated 
by the thermometer. 

The Common Chamber JVeatherglass, is also usually fitted 
up in a neat mahogany frame, and other cmbellisbmentSy 
to make it an ornamental piece of furniture. It consists 
of the common tube barometer, with a thermometer by 
the side of it, and an hygrometer at the lop, as exhibited 
in fig. 13. 

To the foregoing may be added a new sdrt of Barome~ 
ter, or IVeather instruntent by the Sound qf a Wire. This is 
mentioned by M, lAzowski in his tour through Switzer* 
land: it is as yet but in an imperfect state, and was lately 
discovered there by accident. It seems that a clcrg)'man, 
though near-sighted, often aroused himself with firing at 
a mark, and contrived to stretch a wircM os to drawfbe 
mark to him to see how he bad aimed, rlc observed that 
the wire sometimes sounded as if it vibrated like a music^ 
chord: and that after such soundings, a change always en¬ 
sued in the stale of the atmosphere; from whence he came 
to predict rain or 6 nc weather. On making farther e.K- 
perimcnls, it was found that the sounds were most distinct 
when extended in the plane of the meridian. 'And ac¬ 
cording to the weather which was to follow, it was found 
that the sounds were more or less soft, or more or less con¬ 
tinued ; also fine weather, it is said, was announced by the 
- tones of counter-tenor, and rain by those of bass. It has 
been iaid that M. Volta mounted 13 chords in this way at 
Pavia, to bring this method to some precision, but no ac¬ 
counts have yet appeared of the success of bis observations. 
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HumboU/ the celebrated traveller^ contrived a portable 
barometer, composed of several part^i which could beca- 
sily put together^ and which should correct itself at each 
observation^ like an astronomical instrument* In this ba^ 
rometerthe tube is distinct from the scale; and when this 
breaks, its place can be supplied by another, even on the 
top of a mountain. 

Phcnon\cna and Obtcrcations of the Barometer .—The 
phenomena of the barometer are various; but authors are 
not yet agreed upon the causes of them ; nor is the use of 
itp as a wcatbcr-glass> yet perfectly ascertained, though 
daily observations and experience lead us still nearer to 
precision* Mr. Boyle observes, that the phenomena of 
the barometer are so precarious, that it is exceedingly 
difficult to form any certaiu general rules concerning the 
rise and fall of the mercury* Even that rule fails ^Ybich 
seems to hold the most generally, viz, that the mercury is 
low in high winds. The best rules however that have been 
deduced by several authors arc as follow: 

Dr. Hal/ey^s Rules forjudging qf ike Weather, 

1« In calm weather, when the air is inclined to rain, 
the mercury is commonly low. 

2 * In serene, good, and settled weather, the mercury is 
generally high. 

3. Upon very great winds, though they be not accom* 
panied with rain, (he mercury sinks lowest of all, accord*- 
ing to the point of the compass the wind blows from* 

4. The greatest heights of the mercury arc found upon 
erasterly or north-easterly winds, other circumstances alike. 
—The above four observations made by Dr. Halley in 
England appear to be most universal, as they were found 
by Mr* Melunder to lat. 39^ and by M. dcLuc to lat. 40\ 

5. In calm frosty weather, the mercury commonly 
stands high. 

(?. After very great storms of wind, when the mercury 
has been very low, itgencraily rises again very fuat. 

7. The more northerly places have greater alterations 
of the barometer than the more soutlierly, iicnr the 
equator. 

8 . Within the tropics, and near them, (hero is little or 
no variation of the barometer, in all weathers. For in-* 
stance, at St. Helena, it is little or nothing, dt Jamaica 
but '3-10thi of un inch, and at Naples the variation sel¬ 
dom exceeds an inch; whereas in England it amounts to 
2 inches and a half, aud at Petersburgh to nearly. 

Dr. Beal, who followed the opinion of M. Pascal, ob¬ 
serves that, csteris paribus, tbe mercury is higher in cold 
weather than in warm: and in the morning and evening 
usually higher than at mid-day*—That in settled and fair 
weather, the mercury is higher than cither a little before 
or after, or in tbe rain; and that it commonly descends 
lower after rain than it was before it And he ascribes 
these effects to vapours with which the air is charged 
in (he former cose, and which are dispersed by the falling 
rain in the latter* If it chance to rise higher after rain, 
it is usually followed by a settled serenity. And that there 
are often great changes in the air, without anv perceptible 
’alteration in the barometer. 

AJr. Fairicifi Rules for judging qf the Weather.—These 
arc esteemed the best of any general rules hitherto made. 

I# The rising of the mercury presages, in general, fair 
weather; end its falling, foul weather, as rain,snow,high 
winds, and storms. . 

2* In very hot weather, thu falling of the meccury in* 
-dicates thunder. 
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3. In winter, the rising forebodes frost: and in frosty 
weather, if thu mercury fall 3 or 4 divisions, there will 
certainly follow a thaw. But tii a coimnued frost, if the 
mercury rises, it will ccrtumly ^now. 

4. When foul wcathur happens soon after the falling of 
the mercury, expect but liiile of it; and on the conlmry, 
expect but little fair weather wlieii it proves fair shortly 
after the mercury has risen. 

5. Ill foul weather, when lla* mercury rises much and 

high, and so continues for 2 or 3 days before the foul 
weather is quite over, then expect a continuance of fair 
weather to follow* ' ^ 

6. In fair weather, when the mercury falls much and 
low, and thus continues for 2 or 3 daya before the ram 
comes; then expect a great deal of wet, and probably 
high winds. 

7* The utisetticd motion of the mercury, denotes un¬ 
certain and changeable weather. 

S. \ ou arc not so strictly to observe the words engraved 
on the plates, as the mercury's rising and falling; Jiough 
in general it will agree with them. For if it stands at 
much ram, and then rises up to ckaitgcabU, it presages fair 
weather; though not to continue so long as if tbe mercury 
bad risen higher. And so, on the contrary, if the mer¬ 
cury stood eifuir, and falls to changeable, it presages foul 
weather; though not so much of it as if it had ^unk lower* 

Upon these rules of Mr. Patrick, the follow remarks 
arc made by Mr. Uowning; who also ubservus, that it is 
not so much the absolute height of the mercury m the 
tube that iiulicalos tlic weather, as its motion up and 
down: wherefore, to pass a right judgment of what 
weather is to be expe-cted, vvcouglil to know whether the 
mercury is actually rising or falling; to wliich end tlic 
following rules are of use. 

1 . If the surface of the mercury be convex, standing 
higher in the middle of the tube than at the sides, it is u 
sign that the mtrcuiy is then rising* 

2 * But if Hie surface be concave, or hollow in the mid¬ 
dle, it is then sinking. And, 

3* If it be plain, or rather a little convex, the mercury 
is stationary : for mercury being put into a glass tube, cs-* 
pcciatly a small one, naturally has its surface a little con¬ 
vex, because the particles .of mercury attract one another 
more forcibly than they are attracted by glass. Farther, 

4* If the glass be small, shake the tube ; then if the air 
be grown heavier, tlic mercury will rise about half a 10th 
of an inch higher than it stood before; but if it be grown 
lighter, it will sink as much. And, it may be added, in 
the wheel or circular barometer, tap the instrument gently 
with the finger, and tbe index will visibly start forwards 
or backwards according to the tendency of the fluid to 
rise or fall at that time* This proceeds from the mcr- 
cury^s adhering to the sides of the tube, which prevents 
the free motion of it till it be disengaged by tbe shock: 
and therefore when an observation is lobe made with such 
a tube, it ought to be first shaken; for sometimes the mer¬ 
cury will not vary of its own accord, till the weather is 
present which it ought to have indicated. » 

To the foregoing rules may bo added the following ad¬ 
ditional ones, deduced from later and more close observa¬ 
tion of the motions of the barometer, and the consequent 
ebangos in the air in this country. 

1 * in winter, spring, and autumn, tbe sudden falling of 
the mercury, and that for a large space, denotes high 
winds and storms; but in summer it presages heavy 

2E 
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^hnwe^s, nn<l tbnadcr: ai»d it always sinks lowest of all 
Ivr j-rcat wmtis, tliough i»oi accompanied with rain ; though 
it IiTHs more tor win<l and rain togt-tber than for either of 
them alone. Aho. if, after rain, the wind change into any 
part ofilie north, with a ck-ar and dry sky, and the mer¬ 
cury rise, »t is a certain indication of fair weather. 

2. After very great storms of wind, when the mercury 
has been low, it commonly rises again very fast. In settled 
fair ainl dry wealb<'r, except the barometer sink much, 
expect but little rain ; for its small sinking then, b only 
k>r a little wind, or a few drops of rain; and the mercury 
soon rises again to its former station. In a wet season, 
suppose in hay-lime and harvest, the smallest sinking of 
the mercury must bo regarded; for when the constitution 
of the air is imich incllne<l to showers, a little sinking in 
the barometer then dmotes more rain, as it iwycr then 
stands very high. And, if in such a season it rbes sud¬ 
denly, very fast, and high, expect not fair weather more 
than a day or two, but rather that the mercury will fall 
again very soon, and un immediate rain follow ; the slow 
gradual rising, ainl keeping on to do so for 2 or 3 days, arc 
most to be depended on for a week’s fair weather. And 
the unsettled state of the quicksilver always denotes un¬ 
certain and changeable weather, especially when the mer¬ 
cury stands any wlicre about the word changeable on the 
scale. 

3. The greatwl heights of the mercury, in this country, 
are found upon easterly and uorth-easterly winds; and it 
may often rain or snow, the wind being in these points, 
and the barometer sinks little or none, or it may even be 
in a rising state, the effect of those winds counteracting. 
But the mercsiry sinks for wind, as well as rain, in all the 
other points of the compass; but rises as the wind shifts 
about to the north or the east, or between those two 
points: but if the barometer should sink with the wind in 
that quarter, expect it soon to change from thence; or 
else, should the fall of the mercury bo much, a heavy rain 
is then likely to ensue, as it sometimes happens. 

Cause of the Phenomena of the DtiTomeier. 

To account for the foregoing phenomena of the baro¬ 
meter, many hypotheses have been framed, which may be 
reduced to two general heads, viz, mechanked and cketnU 
eal. The chief writer* on these causes, arc Pascal, Beal, 
Wallis, Garcin, Garden, l.isler, Halley, Garsten, Loiiire, 
Mariolte, LeCat, Woodward, Leibnitz, De Mairan, 11am- 
berger, I). Bi.‘nionUi, Muscbenbrock, Chambeni, Ue Luc, 
Black, &c: and an account of most of their liypuibeses 
may be seen at large in M. De Luc's Recherche# sur lea 
Modifications de I'Atmosphere, voK 1, chap. 3; see also 
the Philos. Trans, nnd various other works on this subject. 
It may suHlce to notice here slightly a few of tliu principal 
of them. 

Dr. Lister accounts for the changes of the barometer 
from the alterations by beat and cold in the mercury it¬ 
self ; contracting by cold, nnd expanding by beat. Bat 
this, it is now well known, is quite insufBcienc to account 
for the whole of th« effect. 

The changes in the weight onpressure of the atmospboro 
must therefore he regarded as the principal cause of those 
in the barometer. But then, the dtflficuUy will be to as¬ 
sign the cause of that cause, or whence arise those alter¬ 
ations that take place in the atmosphere, which are some- 
times so great as to alt6r its pressure by the 10th part of 
the whole quantity. It is probable that tho winds, as 
driven about iadifierent directions) bavu a great sbaxo in 


them; vapours and exhalations, ruing from the earth, may 
also have some share; and some perhaps the flux and re¬ 
flux occasioned in the air by the moon ; as well as some 
chemical causes operating between the different particle# 
of matter. 

Dr. Halley thinks the winds and exhalations sufBcieni; 
end on this principle gives a theory, the substance of which 
may be comprised In what follows; 

1st, That the winds must alter the weight of the air in 
any particular country; aud this, either by bringing toge¬ 
ther a greater quantity of air, and so loading the atmo- 
splicre of any place; which will be the case as often as 
two winds blow from opposite parts, at the same lime, to¬ 
wards the same point: or by sweeping away some part of 
the air, and giving room for the atmosphere to expand it¬ 
self; which will happen when two winds blow opposite 
ways from the same point at the same lime: or lastly, by 
culling off the perpendicular pressure of the air ; which 
is the case when a single wind blows briskly any way; it 
being found by experience, that a strong blast ol wind, 
even made by an, will render the atmosphere lighter; and 
hence the mercury in a tube below it, as well as in others 
more distant, will amsidcrably subside. bccPhilos.Trans. 
No. 292. 

2dly, That the cold nitrous particles, and even the air 
itself condensed in the northern regions, and driven else- 
wdiere, must load the atmosphere', and increase its pressure. 

3dly, That heavy dry exhalations from the caith must 
increase the weight of the atmospheiv, as well as its elastic 
force; as we And the specihe gnivity of mensiruuma in¬ 
creased by dissolved, salts and nu-taU. 

4lhly, That the air being rendered heavier by these nnd 
the like causes, is Uiencc better able to su|.poii the va¬ 
pours; which being also inlimoiely mixed with it, make 
the weather serene and fair. Again, the air being made 
lighter from the contrary causes, it becomes unable to sup¬ 
port tlie vapours with which it is replete; these therefore 
precipitating, are collected into clouds, the particles of 
which in their progress unite into drops of rain. 

lienee, he infers, it is evident that the same causes which 
increase the weight of the air, Dn«l render it more able to 
support the mercury in the bBromeler, do likewise pro¬ 
duce a serene sky, and a dry sea.son; and that the some 
aiuses which render the air lighter, and less able to sup¬ 
port the mercury, do also generate clomls and rain. 

But these principles, though well adapted to manj' of 
the particular cases of llie barometer, seem however to 
fall short of some of the principal and most obvious ones, 
besides being liable U> several objections. 

For tirst, If the wind were the sole agent in effecting 
these alterutinns, we should have no sensible alterations 
without a sensible wind, nor any wind without some alter¬ 
ation of the barometer; both which are contrary to c.h- 
pcrlence. 

2dly, If two winds be supposed blowing from the same 
place, viz, London, opposite waya, viz, H. b. ond s, w. 
there will be two others blowing from opposite points, viz> 
K. w. and s. B. to the some place; which two last will 
balance the first, and bring as much air towards the point 
as the others swept from it. This follows from the laws 
of fluidity. 

3dly, If the wiud were the sole agent, the alterations 
in the height of the mercury would only he relative, or 
topical; there would be still the same quantity supported 
at several places taken coUectivcly; thus,, what a tube at 
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London lost> another at Paris, or at or at Zurich, 
would gain. But %ve find the vcr}*contrary true in fact; 
for, from all the observations hitherto made, thcbaromc«* 
(ers in several parts of the globe rise and fall together; so 
that it must be some alteration in the absolute weight of 
the atmosphere that accounts for the rise and fall of the 
mercury. 

Lastly, setting aside these popular phenomena, the mer¬ 
cury's fall before, and rise rain, seem to be incNpli* 
cable on the grouml of this hypothesis: for suppose two 
contrary winds sweeping the air from over London; we 
know that few if any of the winds reach above a*mile 
high; all therefore that they can do, will bi> to cut off a 
certain part of the column of air over London: if the 
consequmce of this be the fall of the mercury, yet there 
is no apparent rc*ason for the rain's following it. The va¬ 
pours indeed may be let lower, but it will only be till they 
come into an air of the same specific gravity with them¬ 
selves; and there they will be suspended as before. 

Lxibiuts accounted for the fall of the mercury before 
rain on another principle, viz, That as a body specifically 
lighter than a fluid, while it is sustmned by' it, adds more 
weight to that fluid than when, by being reduced in bulk, 
it becomes specifically heavier, and descends; so the va¬ 
pour, after it is reduced into the form of clouds, and de¬ 
scends, adds less weight to the air than it did befom; and 
hence the mercury sinks in the tube.—But here, granting 
that the drops of rain formed from the vapours always in¬ 
creasing in size as they fall lower, were continually uccev 
Icrated also in their motion, and so the air suffer a conti¬ 
nued loss of their weight as they descend ; it may however 
be objected, that by the descent of the mercury the rain 
IS foretold a much longer time b<*forc it comes, than the 
vapour can be supposed to take up in falling; that many 
time^, and in different places, there falls a great deal of 
rain, without any sinking of the mercury at all; as also 
that there often happens a fall of the mercury, without any 
rain ensuing: and that sometimes the mercury will sud* 
dcnly sink, in a short space of time, half an inch or more, 
which answers to 7 inches of rain, or about one third of 
the whole quantity falling in the >vholc year. 

M. l)e Luc supposes that the changes observed in the 
pressure of the atmospbens arc chiefly produced by the 
greater or Im quantity of vapours floating in it: others 
have attributed them to the same cause, but have given a 
different explanation of it. His opinion is, that vapours 
diminish the specific gravity, and conscquemly the abso¬ 
lute weight of those columns of the atmosphere into which 
they are received, and which, notwithstanding this admix¬ 
ture, still remain of the same height with adjoining co¬ 
lumns that consist of pure or dry air. He afterwards vin¬ 
dicates and more fully explains this ibcoiy, and applies it 
to the solution of the principal phenomena of the barome¬ 
ter, as depending on the varying density and weight of the 
atitaoipberc. 

James Hutton, in his Theory of Rain, printo<l in 
IheTraasa^tonsof the Royal Society of Edinburgh, vol. I, 
gm*8 ingenious and plausible reasons for thinking that the 
diminution of the weight of the atmosphere by the fall of 
ram, is not the cause of the descent of the mercury in the 
barometer tube; but that the principal, if not the only 
cause, arises from the commotions in the atmosphere, which 
P^t^^ticed by sudden changes of heat and 
cold in the air. ^ barometer/' he observes, is an 
Mivtrumcnt necessarily connected with motions in the at¬ 
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mospherc; but it is not equally affected with every motion 
in tiiat fluid body. The barometer is chiefly affected by 
those motions by which there are produced accumulations 
and abstractions of this fluid, in places or regions of sufli- 
cient extent to aflccl llie pressure of the atmosphere on the 
surface of the earth. But, as every commotion in the at¬ 
mosphere may, under proper coiidjtioi45, be a cause of rain, 
and us the want of commotion m the atmosphere is natu¬ 
rally a cause of fair weather, this instrument may be made 
of great importance for ibe purpose of meteorological ob- 
sei*vations, though not in the certain and more simple man¬ 
ner in which it has been, with the increase of science, so 
successfully applied to the measuring of heights." See 
Uais\ 

In the Encyclopaedia Britaniiica there is another theory 
of the changes in the barometer, as depending on the beat 
in the atmosphere, not as producing commotions there, but 
as altering the specific gravity of the air by the changers of 
heat and cold. The principles of this theory are,~ 1st, 
That vapour is formed by an intimate union between the 
elements of fire and water, in consequence of which the 
fire or heat is so totally enveloped, and its action so per¬ 
fectly suspended by the aqueous particles, that il not only 
loses its properties of burning an<l of giving light, but be¬ 
comes incapable of affecting tiie must sensible thermome¬ 
ter; in which case it is said by Dr. Black to be in a latent 
state: and 2 d, That if the atmosphere bo afiected by ony 
unusual degree of beat, it tbeace becomes incapable of sup¬ 
porting so long a column of mercury as before; for which 
reason the barometer sinks. 

From these axioms it would follow, that as vapour is 
formed by the union of fire with water, whether by attrac¬ 
tion or a solution of the water in the fire, the vapour can¬ 
not be condensed til) this union, attraction, or solution, be 
at an end. Hence the begiuning of the condensation of 
the vapour, or the fir>t signs of approaching rain, mual be 
the separation of the fire which is latent lu tbe vapour. 
In (he biginning, this may be either slow aiid partial, or 
it may be sudden and violent: in the first case, the rail) 
will come oo' slowly, and fall after a considerable thne; 
but in (be other, it will accumulate very quickly, aud in 
a great quantity. But Dr- Black has proved, that when 
fire quits its latent state, however long it may bare lain 
dormant and insensible, it always rcassuines its proper 
qualities, and atfects the thermometer just the same as if 
it bad never been absorbed. The consequence of this must 
be, that in proportion as the latent heat is discharged from 
the vapour, thos&parts of the atmosphere into which it is 
discharged must be sensibly alTected by it; and in proper* 
tion to the beat commu licated to those parts, they wiil 
become specifically lighter, and the mercury will sink of 
course. 

In the Memoirs of tbe Dtcrary Society of Manchober, 
vol. 4, is also a. curious paper on this subject,' vig. Mte- 
teorological Observations made on different Parts of the 
Western Coast of Great Britain: arranged by T. Garnett, 
M. D. This paper is composed of materials furnished by 
several observers; those of Mr. Copland, surgeon at Diiro> 
fries, are of special importance. This gentleman is of opi> 
nion that the changes of die barometer indicate approach* 
iiig hot and cold weather, with much more certainty than 
dry anil wet. ** Every remarkable elevation of the baro¬ 
meter," he says, •* where it is of any duration, is followed 
by very warm or dry weather, and moderate as to wind, 
or by all of them; but heat seems to have most inlluenca 
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aijil conm xion; and when it is deficient, the Continuanre 
of I he other two wiil be longer and more remarkable; there¬ 
fore the cajcniatlon must he in a compound ratio of the 
excess and deficiency of the heat, ancl ot the dryness of 
the weather in comparison of the medium ol the season; 
and with regard to the want of strong wind, it appears to 
be intimately connected with the last, as they show that 
•no precipitation is going on in any of the neighbouring 
regions." 

In his 14th and 15lh remarks, he had said, 

‘ 14lh, ‘That the barometer being lower, and continuing 
so longer than what can be accounted for by immediate 
falls, or stormy weather, indicates the approach of very 
colli weather for the seasnti; and also, cold weather, though 
dry, is always accompanied by a low baruineter, till near 
its termination.’ 

‘ IStllf-'l'hat warm weather is always preceded and 
mostly rtccompanied by a high barometer; and the rising 
of the barometer in the time of broken or cold weather, is 
a sion of the ap))roach of warmer weather; and also if the 
wind is in any of the cold points, a sudden rise of the ba¬ 
rometer indicates the approach of a southerly wind, which ’ 
in winter generally brings rain with it.’ 

In the two following remarks, Mr. Copland had ex¬ 
plained certain phenomena from a principle similar to that 
on vvliich Ur. Darwin has so much insisted: Botanic 
Garden, I. notes p. 79» 

‘ That the falling of the barometer may proceed from 
a decomposition of the atmosphere occurring around or 
near tliat part of tlic globe where we arc placed, which 
will occasion the electricity of the atmosphere to be re¬ 
pelled upwards in fine lambent portions; or driven down¬ 
wards or upwards in more compacted balls of fire; or 
lastly, to be carried along with the rain, &c, in an imper¬ 
ceptible manner to the surface of the earth : the precipi¬ 
tation of the watery parts generally very soon takes place, 
which diminishes the real gravity of the atmosphere, and 
also by the decomposition of some of the more active parLs, 
the air loses part of that clastic and repulsive power which 
it so eminently possessed, and will therefore press with less 
force on the mercury of the barometer than before, by 
which means a full ciisue.s. 

‘ Tliat the cause of the currents of air, or winds, may 
also be this way accounted for: and in very severe storms, 
where great decompositions of the atmospiierc lake place, 
this is particularly evident, such as generally occur in one 
or more of the West-India islands at one time, a great loss 
of real gravity, together with a considemblc diminution of 
the spring of the air immediately ensun; hence a current 
commences, first in that direction whence the air has most 
gravity, or is most disposed to undci^o such a change; 
but it being soon relieved of its superior weight or spring 
on that side, by the decomposition going on as fast as the 
%vind arrives on the island, it immediately veers to another 
pgint, which then rushes in mostly with an increase of 
force; thus it goes on tilUt has blown more than half way 
round the points of the compass during the continuation 
of the hurricane. For in this manner the West-India phe¬ 
nomena, as well as the alteration of the wind during heavy 
rains in this country, can only be properly accounted for/ 
See remark No. 4. 

Mr. C/s 4th aphorism is, ‘ That the heaviest rains, when 
of long continuance, generally begin with the wind blow¬ 
ing easterly, when it gradually veers round to the south; 
and that the rain-does not then begin to cease till the wind 


has got to the west, or rather a little to the northward of 
it, w^hen, it may be added, it commonly blows with some 
violence.’ 

Many other observations on the barometer, the weather, 
&c, may be seen in various parts of the Philos- Trans. , 
And for some curious papers on the same, and other sub¬ 
jects connected with the barometer, see the Gentleman’s 
Magazine for 178.9, p. 317 ; also Greu’s Journal of Nat. 
Philos, printed at Lciiizig 1792, for the influence of the 
sun and moon on tlic barometer. See also a very ela- 
bornle paper on tliis subject in vol. 2, p. 49, of the 
Royal Irish 'I'rans. by Mr. Kirwiin. 

The Barometer applied to the measuring of Altitudes. 

The secondary character of the barometer, namely, as. 
an instrument for measuring accessible heights or ilepths, 
was first proposed by Pascal and Descarus, as has been 
before observed; and succeeding philosophers have been 
at great pains to ascertain the proportion between the fall 
of the barometer and the height to which It is carried; as 
Halley, Mariotto, Maraldi, Schcuchzer, J. Cassini, D. Ber¬ 
noulli, llorrebow, Bouguer, Shuckburgli, Roy, and more 
especially by I)e Luc, who has given a critical and histo¬ 
rical detail of mo.^t of the attempts that have at diflereiil 
times been made for applying the motion ol the mercury 
in the barometer to the measurement of atrccssiblc heights. 
And for this purpose serves the portable barometer, before 
described, (fig. 11 and 12, plate 4,) which should be made 
with all possible accuracy. Various rules have been given 
by the writers on this subject, for compuling the height 
ascended front the given fall of the mercury in the tube of 
the barometer, the most accurate of which was that of Dr. 
Hailey, till it was remlered much more so by the iildefati- 
gable researches of Dc Luc. by introducing iiiu* it the cor¬ 
rections of the columns of mercury and air, on account of 
heat. Other corrections and modifications of the same 
may be seen inserted under tlic article Atmospiieue, 
whore the most correct rule is deduced from one single ex¬ 
periment only. 

• The Rule for computing Altitudes, is this. 

Viz. lOOOO X log. f)f - is the altitude in fathoms, in the 

temperature of 31®: anti for every degree of the thermo¬ 
meter above that, the result must be increased by so many 
times its 435th part, and diminished when below it; in 
which theorem M denotes the length of the column of mer¬ 
cury in the barometer tube at the bottom, and m that at 
tiiu top of (he hill, or other eminence; which lengths may 
be expressed in any one and the same sort of measures, 
whether feet, or inches, or tenths, &c, and ciilicf English, 
or French, or of any other nation; but the result in this 
cose is always in fathoms, of 0 English feet each. 

And the Precepts, in words, for the practice of measuring 
altitudes by the barometer, arc these following: 

1st, Observe the height of the barometer at the bottom 
of My height or depth, proposed to be measured; together 
with the temperature of the mercury by means of the ther¬ 
mometer attached to the barometer, and also the temperar 
turc of the air in the shade by another thermometer which 
is detached from tlic barometer. 

2dly, Let the same thing be done .also at the top of the 
said height or depth, and as near the time of the formcr.as 
possible. And let Uiosc altitudes of mercury be reduced 
to the same temperature, if it be thought necessary, by cop- 
rccting either, the one or the other, vi*, augmenting the 
height of the mercury in the colder temperature, or dimi* 
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nishing that in the warmer, by its 9600 th part for every 
decree of difference between the two ; and the altitudes of 
mercury so corrected, are those which are denoted by M 
and ni in the algebraic formula above. 

3dly, Take out the common logarithms of the two heights 
of mercury, so corrected, and subtract the less from the 
greater, cutting off from the right hand si<le of the remain¬ 
der three places for decimals; so shall those on the left be 
fathoms in whole numbers, the tables of logarithms being 
understood to be such as have 7 places of decimals. 

4thly, Correct the number last found, for the difterence 
of the temperature of the air, as follows: viz, Take half 
the sum of the two tcropraturcs of the air, shown by the 
detached thermometers, for the mean one; and for every 
degree which this differs from the standard temperature of 
3 lO, take so many.times the 435th part of the fathoms above 
found, and add them if the mean temperature be more 
than 31^, but subtract them if it be below 31^; so shall 
the sum or difference be the true altitude in fathoms, or 
being multiplied by 6, it will give the true altitude in 
English feet. 

Example 1. Let the state of the barometers and thermo¬ 
meters be as follows, to find the altitude: viz. 


Thermometers. I 

Baromctc 

detached. 

attached. 


57 

57 

29*68 lower 

42 

43 

25*28 upper* 

mean 494 

dif. 14 



As 9600 

mean 49r 
stand.31 

dif. Til 


i4 : : 29-08 

Vor. -04 

s= 2^04 
tn s= 26-28 


04 
logs. 

4718762 

4027771 


29-38S 


As ‘135 : 18J: :09i Oll 
cor. add 2y-388 

the altitude ) 720*399 fathoms, 

sought is 3 or 4322'394 feel. 
Example 2. To ffiid the altitude ofa hill, when the state 
of the barometer and thermometer, as observed at the bot¬ 
tom and summit of the same arc as follows: viz, 


Thermometers. 


detached. 
35 
‘ 31 

mean 33 
As 


attaclied, 

41 

38 

dif.T 


Barometers. 

29-45 

26-82 


9600 


29-45 

-01 


mean 33 
stand. 31 

difTT 


•01 

logs. 

4689378 

4284588 


1-86 


M SS 29-44 

m 26*82 __ 

As 435 : 2 : : 4047^ 

. cor add 1 * 8 D 

the altitude! 406*65 falhoms* 
sought j o r 2439*90 feet 
See this rule investigated under the article Pneuua- 
Tics^ at the end. 

N. Be The mean height of the barometer in London, 
on an average of two observations in every day of the 
year, kept at the house of the Royal Society, for many years 
past, is 29*86; the medium temperature, or blight of the 
thermomotcr, according to the same, being But the 
mediunt height at the surface of the sea, according to Sir 
Geo. Shnekburgb (Pbilos« Trans* 1777$ p« 586) is 30*04 
inches, the heat of the barometer bciog 55^, and of the air 


62^. See a learned paper in vul. 1 of the ol tbe 

R. Soc. of tdinlurgh, on llie Cau^c^; which aflccl the 
Accuracy of Baruineinciil Meaburcniciits; b} Juhn i'l.ks- 
fair, A.M. F. R. S. Fdiii. ari<t Professor ot Matliematicb m 
the University of F.dinbur<;li; ' also, another by Dr. Da¬ 
mon, laic Professor of Mathuniutics and Philosophy in the 
University of Leyden, einitled “ Di'^serlalio Physica ct 
Mathematica dc Muntiom AUitucJinc BurometroMelicnda. 
Accedit Uefractionis A5tronoinica''rheoua/* in 8vo, at the 
Hague, 1783. AIm) other corrections and nutdidcations 
that have been given by several |>hiluso|>bcis, as UoLison, 
Trombley, Engleiield, Frony, Laplace, 6iC. 

We shall now conclude this subject by an account of 
the height of some of the n\pst rcmarkahle mountains, &:c, 
on the earth, above the surface of the ocean, in feet. 
Mount Piiy dc Dome, in Auvergne, the first 
mountain mcHsurcd by the barometer, 

Mount Blanc - 

Monte Ilosa - * v ai • 

Aiguille d'Argentinc • ' 

Monastery of St. Bernard 
Mount Cenis - 


} 


Pic dc los Reyes 
PicduMfdi - 
Pic d’Ossuno • 
Canegou 
Lake of Geneva 
Mount ALtna - 
Mount Vesuvius 
Mount Mccia, in Iceland 
Snowdon 


Pyrennoes 


5088 

15662 

15084 

13402 

79** 

9212 

7620 

9300 

11700 

8544 

1232 

10954 

8938 

48S7 

3555 

3723 

3S5S 

3472 

3461 

3180 

2342 

3454 

8440 

8082 

14026 

19595 

19391 

19290 

15070 

9977 

306 


Ben Moir . . - - - 

Ben Laurs . _ - - - 

Ben Gloe , _ - • - 

Shihallicn . . - - - 

Ben Lomond - - - - - 

Tiiito ------ 

Table-llill, Cape of Good Hope, 

Gondar city, in Abyssinia, 

Source of the Nile - - - - 

pic of Tcneriffc . - - - 

Chimborofou - - - - - 

Cayambourou » - - - 

Anlisaiia - - - - • 

Pichinha - - . - - 

City of Quito ■ , “ 

Caspian Sea belpw llic Ocean - - - 

BAROSCOP L, a machine for showing ihc alterations in 
the weight or prosuic of the almosplu rc. See Bakome¬ 
ter. 

BARREL, an English vessel or cask, containing 36 
gallons of bccr-raeasure, or 32 gallons of ale-measure. The 
barrel of beer, vinegar, or ofliquor preparing for vinegac> 
ought to contain 34 gallons, according to the standard of 
ihe ale quart. 

Barrel, in clock-work, is the cylinder about which 
the spring is wrapped. 

BARRICADE, or Barricado, r military term for a 
fence, or retrenchment, hastily made with vessels, or bas¬ 
kets of earth, carls, trees, stakeor the like, to preserve 
an army from the shot or assault of an enemy. 

BARRIER, a kind of fence made at a passage, retrench¬ 
ment, gate, or such like, to stop it up against an enemy. 

BARROW (Is A AC), a very eminent mathematician and 
divine of the 17lh century, was born at London in Octo- 
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ly-r. 1630 , being tlic son of Thomas Barrow, ihcn a lincn- 
(Irnpcr of that city, but tlcsccndcil from an ancient family 
in Suffolk. He was first placed at tbc Charter-house school 
for two or three years; where his bebasiour afforded but 
little hopes of success in the profession of a scholar, being 
much addicted to fighting, and promoting it among his 
school-fellows; but on removal to I'elsled in Essex, his 
disposition took a different turn, and be applied himself 
with great assiduity to his studies, in which he made very 
rapid advancement, lie was first admitted a pensioner of 
Peter-house in Cambridge; but when he came to join the 
university in Feb. l645, he was entered at Trinity-college. 
In 1647 he was chosen a scholar of (he house, and sub¬ 
scribed the engagement; but afterwards repenting what 
he had done, he went back and struck out his name from 
the list. At this period he began to apply himself with 
great diligence to the study of nil parts of literature, espe¬ 
cially natural philosophy. He afterwards turned his at¬ 
tention to the profession of physic, and made considerable 
progress in annloiuy, botany, and chemistry: he next stu¬ 
died divinity; then chronology, astronomy, geometry, and 
the other branches of the mathematics; with what success, 
his writings afterwards most eminently iltowed. In 1649 
he was chosen fellow of his college. 

When Dr. Du port resigned (he chair of Greek professor, 
he recommended his pupil Mr. Barrow fur his successor, 
who, in his prubatioDary exercise, showed himself equal 
to the character that had been given of him by this gen¬ 
tleman; but being suspected of favouring Arminianism, he 
was not preferred. This disappointment, it appears, de¬ 
termined him to quit the college, and visitd'orcign coun¬ 
tries ; but such were his financi^s, that he was obliged to 
dispose of his books, to enable him to execute that design. 

He left England in June 1655, and visited France, Italy, 
Turkey, &c. At several places, in the course of this tour, 
he met with much kindness and liberal assistance from tho 
English ambassadors, &c, which enabled him to benefit 
the mure from it, by protracting his slay, and prolonging 
his Journey. He spent more than a year in Turkey, and 
returned to England by way of Venice, Germany, and Hol¬ 
land, in 1659 . At Constantinople be read over the works 
of St Chrysostom, once bishop of that see, whom he pre¬ 
ferred to all the other fathers. 

On his return home Barrow was cpiscopally ordained 
by bishop Bruwnrig; and in 166 O, he was chosen to the 
Greek professorship at Cambridge. In 1 662 he was elected 
professor of geometry in Gresham-collcge; in which sta¬ 
tion he not only discharged his own duty, but supplied 
also the absence of Dr. Pope the astronomical professor. 
Among his lectures, some were on the projection of the 
sphere and perspective, which arc lost; but his Latin ora¬ 
tion, previous to his lectures, is still extant. About this 
rime Mr. Barrow was offered a good living; but the con¬ 
dition annexed, of teaching the patron’s son, made him 
refuse it, as thinking it too likeasimoniacal contract. On 
the 20th of May l663 he was elected a fellow of the Royal 
Society, in the first choice made by the council after their 
charter. The same year the executors of Mr. Luces hav- 
ine, according to bis appointment, founded a mathemati¬ 
cal lecture at Cambridge, they selected Mr. Barrow for 
the first professor; and though bis two professorships were 
not incompatible with each other, be choso to resign that 
of Grcsham-coUcgo, which be did May the 20th, 1664 ; 
and at the santc time his Greek professorship also. In 
1669 h« resigned the ffiathcmaticaJ chair to his laavnad 


friend Mr. Isaac Newton, liaving determined to quit the 
study of mathematics altogether for that of divinity. On 
leaving his professonbip, he had only his fellowship of 
Trinity-college, till his uncle gave him a small sinecure in 
Wales; and Dr. Seth Ward, bishop of Salisbury, conferred 
on him a prebendary in his church. In the year l 670 he 
was created doctor in divinity by mandate; and, on tho 
promotion of Dr. Pearson, master of *'i’rinity-collcgc, to 
the see of Chester, he was appointed to succeed him by 
the king’s patent, bearing date the I3lh of Feb. 1672; on 
which occasion (he king was pleased tossy, “ be bad given 
it to the best scholar in England.” In this his majesty did 
not speak from report, but from his own knowledge; the 
doctor being then his chaplain, he used often to converse 
with him, and, in his humorous way, would call him an 
unfair preaclior,” because he exhausted every subject, 
and left no room for others to come after him. In l675 
he was chosen vice-chancellor of the university; and be 
omitted no endeavours for ihegoodyjf that society, noria 
the line of his profession os a divipe, for the promotion of 
piety and virtue: but his useful labours were abruptly 
terminated by a fever on the 4^ of May, 1677, in tbc 
47 th year of his age. He was interred in Westminster 
Abbey, where a monument, adorned with his bust, was 
soon after erected by the contribution of his friends. 

Dr. Barrow’s works an* very numerous, and indeed va¬ 
rious—matbcmatical, theological, poetical, fkc, and such 
as do honour to tbc English nation. They are principally 
as follow: 

1 . Euclidis Elemrnta. Cantab. l655, in 8 vo. 

2. Euclidis Data. Cantab. 1657, in 8 vo. 

3. Lcctiunes Optica; xviii. Lond. I 669 , 4to. 

4 . Lectioncs Gcoroetrica xiii. Lond. I 67 O, 4 to. 

5. ArebimedisOpera, ApoIloniiConicorumlibriiv,The> 
odosii Sphcricorum lib.iii;nova meihodoillustrata,etsuc- 
cincic demonstraia. Lond. 1675, in 4to. 

The following were published after his decease, vix: 

6 . Lectio, in qua theoremaia Archimedis de sphzra cl 
cylindro per methodum indivisibilium investigatu, ac bre- 
vitcr investigata,cxbibcntur. Lond. 1678, 12 mo. 

7 . Mathemalicte Lcctiones habits in schoUs publicis 
academisCantabrigtensis, an. 1664 ,5, 6 , &c. Lond.l683. 

8 . Alt his English works, in 9 volumes. Lond. 1683, 
folio.—These are all theological, and were published by 
Dr. John Tillotson. 

9. Isaaci Barrow Opuscula; viz, Determinationes, Con- 
ciones ad Clerum, Orationcs, Pocroata, &c, volumen quar- 
tum. Lond. 1687* folio. 

Dr. Barrow left also several curious papers on mathe¬ 
matical subjects, written in his own band, which were 
communicated by Mr. Jones to the author of ** The Uves 
of the Gresham Professors," a particular account of which 
may be setm in that book, in the Life of Barrow. 

^vcral of his works have been translated into English, 
and published: as the Elements and Data of Euclid; the 
Geometrical Lectures; the Mathematical Lectures; and 
accounts of some of them were also given in several vo¬ 
lumes of the Philos. Trans. 

It is remarkable, that Dr. Barrow’s method of drawing 
tangents to curves is exactly similar to that by the method 
of fluxions, the difference being only in the notation: viz, 
he considered tho elemental triangle, formed by thedia*' 
tance and the difference of two indefinittdy near ordinates, 
with the clement of the curve, as similar to the trion^e 
formed by ihe ordinate, the tangent, and the subtangent; 
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wbkh thence he fouDd bjthis praportiuu: As the difference 
o( the ordinates is to their distance, so is the ordinate to 
the subtangent* 

On Barrow must ever be cstcomedi in all the subjects 
which exercised bis pen, a person of the clearest peiccp'* 
tion, the finest fancy, the soninicst judgment, the pro- 
foundcst thought, and the closest and most nervous reason- 
ing. “The name of Dr. Barrow (says the learned Mr. 
Granger) will ever be illustrious for a strength of mind and 
a compass of knowledge that <lid honour to his country. 
He was unrivaled in mathematical learning, and especially 
in the sublime geometry; in which he has been excelled 
only by his successor Newton. The same genius that 
seemed to be bom only to bring bidden truths to light, and 
to rise to the heights or descend to the depths of science, 
would sometimes amuse itself in the flowery paths of po¬ 
etry, and compose verses both in Greek and Latin. He 
at length gave himself up entirely to divinity; and parti¬ 
cularly to the most useful part of it, that which has a ten¬ 
dency to make men wiser and better." 

Several good anecdotes aa‘ told of Barrow, as well of 
his great integrity, as of bis wit, and bold intrepid spirit 
and strength of body. His early attachment to fighting 
when a boy is $r)me.indication of the latter; to which may 
be added the two following anecdotes: In his voyage be¬ 
tween l^cghorn and Smyrna, the sliip was attack^ by an 
Algerine pirate, which, after a stout resistance, they com¬ 
pelled to slicer off, Barrow kcH'ping his pint at the gun to 
the last. And when Dr Pope in their conversation asked 
him, ** Why he dirt not go down jnti> the hold, and leave 
the defence of the ship to those to whom it did belong 
He replied, “ It concerned n<» man more than myself: I 
would rather have lost my life, than to have fallen into the 
hands of those merciless infidels." 

There is another anecdote told of him, which showed 
not only his intrepidity, but an uncommon goodness of di»* 
position, in circumstances where an ordinary share of it 
would have bei*n probably extinguished. Being once on a 
visit at a gentleman's house in the country, wiicre a large 
inastifl was kept, as he was going out one morning before 
day (for he was a very early riser) the fierce animal that 
used to be chained up during the day, and let loose at 
night for the security of tbo house, perceiving a strange 
person in the garden at that unusual time, set upon him 
with great fury. The doctor caught him by the throat, 
grappled with him, and throwing him down, lay upon him: 
onM he thought of killing him; but be altered his reso¬ 
lution, on recollecting that this would be unjust, since the 
dog did only his ouiy, and he himself was in fault for 
raniUiiig out of his room before it was light. At length 
he called out so loud, that he was beard by some of the 
Csmily, who came presently out, and released the doctor 
and the dog from their disagreeable situation. 

BARb, in hfusic, arc the spaces quite through any com- 
position, fi*parated by upright lines drawn across the five 
horizontal liijes, each of which either contains the same 
number of notes of the same kind, or so many other notes 
M will make up a like interval of time;, for all the bawi 
in any piece, must be of the same length, and played in 

Bars, in Architecture, arc long slender piccesof wood, 
or irem, used to keep things secure, and at their proper 
assigned distances. 

BARTER, orTaucK, is die exchanpng of one com¬ 
modity for another; and forms a rule iu* the commercial 


part of »rilhjijetjc> by which the commodities are jiropcrly 
calculated and equalled, by computing first the value of 
the commodity wlucli is given, and then the.quantity of 
the other which will be adequate to tlie same sum. 

EsQmple4 How much wine at 70/ per pipe must be given 
ID barter for 500 loads of timber at 2/ 55 per load ? 

First find the value of the commodity whose quantity 
is given; thus, 

500 loads at 2l 5i per load. 

_2 

^ 1000 

5 i 125 

1125 the value of the timber: hence, 
to find what quantity of wine at 70/ per pipe will amount 
to Ibis sum, say, as 70/; 1 pipe : : 1125/ : l6 pipes 9 gal¬ 
lons the quantity sought. 

BARTHOLINE (Erasmus), a mathematician and phi¬ 
losopher, in the latter part of the 17th century, who died 
in 169 s, at 73 years of age. He was successively pro- 
fessorof mathematics and philosophy at Copenhagen ; and 
attained the rank of counsellor of state. He published 
De Cometis, an. 1664 et 1665, Opusculum cx observa- 
tjonibus Hafniae habitis adornatum. Hafni:e, 4to. Also, 
Experimentn Crystnlii Islandici, I 67 O, in 4to; and De 
Aere Hafniensi, 1679# Svo. 

RASE, or Basis, in Chemistry, is a term applied by the 
old chemists to de:$ignatc those substances of a fixed, inert, 
passive nature, which combined with, and were acted on, 
by more volatile or active menstrua. Thus, the alkalies, 
earths, and metallic oxyds, which form compound salts, by ' 
uniting with acids, were called the bast's of iht'se salts. Mo¬ 
dem chemists, though they maintain, that in every combi¬ 
nation the nisus or force of alhnity between two ingredients 
is mutual and ecpial, have yet retained the term for the sake 
of prcti>ion, to express cither species or families of srtits 
which dificr with regard to the acid, but agree os to tbo 
alkali, eanh, or metallic oxyd which they contain. Thus, 
sails with a base of potash, include all those species which 
are formed by the combination of the various acids with 
the particular alkali, potash. Again, sails with an alka¬ 
line base Comprehend the three families of salts with bases 
of potash, soda, or ammonia, as distinguished from the other 
s^ts with earthy or metallic bases. 

The utility, therefore, of this mode of expression is evi¬ 
dent; for though the compound salts are usually divided 
into genera according to their acids, as snlphats, nit'rats, 
muriats, &c, yet it is often desirable to arrange them ac¬ 
cording to their other element or base, for which the La- 
voisicrian nomenclature has not particularly provided. 

The term base is also used on other occasions os a me¬ 
thod of denoting species; as when vvesay sulphuric acid 
is composed of oxygen united with the base of sulphur; 
the vegetable acids, of oxygon and a compound base of hy¬ 
drogen and carbon. Sometimes also the word base is ap¬ 
plied in a more indefinite manner,os in thee.xpression$,phos- 
phat of lime is the base of animal bone, aaol is the base of 
muscular fibre, where it means merely the cbaractcristic 
or principal part. 

BASE, Basis, in Architecture, denotes the lower part 
of a column or pedestal. The base of columns is diffe¬ 
rently formed in different ordcj's : Thus, Uic Tuscan base 
consists only of a single lorC| besides the plinth: the 
Doric has an astragal more than the Tuscan : the Ionic 
has a large tore over two slender scotias, separated by two 
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avlrasals; llic Coriiitljian has two tores, Uvo scotias, and 


l« o a^tra«ais: the Composjtc has an astragal less than the 
Corinihian: tlic Attic base has two tores and a scotia, and 
IS proper for cither tlie Ionic or ComposHe columns. 

B A sr.> in Geometry, the lowest side of any figure. Any 
side of a tigiire may be consideretl as its base, according to 
the position in which it may be conccivcti as standing; but 
comioonly it is understo«»d of the lowest side : as the base 
of a triangle, of a cone, cylinder, &c. 

Uasf. Lis k, in Perspective, denotes the common section 
ol the picture and the geometrical plane. 

Bvsr, Riso, of ti cannon, is the great ring nc.xt behind 
the vent or touch-hole. 

Bask, Aftcnioie. See Altervate. 

BASLMLN'r, in Arcliiiecturc, a continued base, ex¬ 
tended a considerable length, as about a house, a room, 
or other piece of building. 

BASILIC, in the ancient Architecture, was a large hall, 
or court of judicature, where the niagistratc-o sat to ad¬ 
minister justice. 

BASILICA, or Basilicus, the same asRespilus, orCor 
Lrnnis, being a fixed star of the first magnitude in the con- 
steihilion of Leo. 

BASILISK, In the older artillery, was a large piece of 
ordnance so called from its resemblance to the supposed 
ser[)oiit of that name. It threw an iron ball of 200 pounds 
weight; and was in great repute in the time of Solyman 
emperor of the Turks, in the wars of Hungary; but it is 
now grown out of use in must parts of Europe. Patilus 
Jovius relates the terrible slaughter made in a Spanish 
ship by a single ball from one of these basilisks; after pass¬ 
ing througit the beams and planks in the ship's head, it 
killed upwards of 30 men. And Mafl'eus speaks of basi¬ 
lisks made of brass, each of which required 100yoke of 
oxen to draw them.—More modern writers also give the 
name basilisk to a much smaller and sizeable piece of ord¬ 
nance, made of 15 feet long by the Dutch, but of only 10 
by the French, and carrying a ball of 48 pounds. The 
largest size of cannon now used by the English, arc the 32- 
pounders. 

BASIS, in Geometry, the same as Base. 

BASS, in Music, that part of a concert which is the 
most heard, which consists of the gravest, deepest, and 
longcstsounds: it is played on the largest pipes or strings 
of common instruments; or on instruments larger than 
ordinary for the purpose; by some it is esteemed the ba^s 
and principal part in music, aitd by others as scarcely ne¬ 
cessary in some tunes. 

BASSANTIN (James), a Scotch astronomer of the 
l()lh century, born iu the reign of James the 4lh of Scot¬ 
land. He was a son of the Laird of Bassantiii in the 
IMcrsc. After finishing his education at the university of 
Glasgow, he travelled through Germany and Italy, and 
then settled in the university of Paris, where he taught 
mathematics with great applause. Having acquired some 
property in this employment, he returned to Scotland in 
15o2, where he died 6 yean after. 

From his writings it^appeara ho was no inconsiderable 
astronomer, for the age in which he lived; but, according 
to the fashion of the times, he was greatly addicted to ju¬ 
dicial astrology. It was doubtless to our author that Sir 
James Mclvil alludes in his Memoirs, when he says that 
his brother Sir Robert, when he was using his endeavours 
to reconcile the two queens Elizabeth and Mary, met with 
one Bassantin, a man learned in the high sciences, who told 


him, “ that all bis travels would be in vain ; for,’’said he, 
“ they will never meet together; and next, Iberewill never 
be any thing but dissembling and secret hatred for a while, 
and at length captivity and utter wreck to our queen from 
England.” He added, that the kingdom of England at 
length shall fall, of right, to the crown of Scotland: but 
it shall cost many bloody battles ; and the Spaniards shall 
be helpers, and take a part to themselves for their labour.” 
A picdictiun in which Bassantiii partly guessed right, which 
it is likely he was enabled to do from a judicious conside¬ 
ration of probable circumstances and appearances. 

Bassanlin's works arc, 

1 . Astronomia Jacobi Bassanlini Scoli, opus absotu- 
tissimum, &c: ter. edit. Latiiic ct Gallicc. Genev. 1599- 
fol. This is the title given it byTurnecsius, who translated 
it into Latin from the French, in which language it was 
first published. 

2. Paraphrase dc I’Astrolabe, avec unc amplification dc 
I’usagc d’Astrolabc. Lyons 1555. Paris l6l7, 8vo. 

3. MaihcmaUcaGcncthliaca. 

4. Arithmetica. 

5. Musica secundum Platoncm. 

0. Dc Maihcsi in Gencrc. 

BAS'l'lON, in the modern fortification, a large mass of 
earth at the angles of a work, connecting the curtains to 
each other; and answers to the bulwark of tho ancients. 
It is formed by two faces, two flanks, and two dcmigorgcs. 
'I'hc two faces form the saliant ungle, or angle of the bas¬ 
tion; the two flanks form with the faces, the (pauUi or 
shoulders; and the union of the other two ends of the flanks 
with the curtains forms the two angles of the flanks. 



The first introduction of bastions into fortification, is 
not precisely defined. However, they were well known 
soon after the year'1500; for Tartaica gives a plan of 
Turin, which had been completely fortified for some time 
with four bastions, in his Quesiti ct Invention! diverse, 
published in 1546. 

If the angle of the bastion he less than 60 ^, it will be 
too small to give room for guns; and besides so acute as 
to be easily beaten down by the cneifiy’s guns; to which 
may be added, that it will cither render the line of de¬ 
fence too long, or the flanks too short; it must therefore 
be more than 60 *^; but whether or no it should be n right 
angle, some intermediate angle between 60 aii(l^ 90 ”, or 
even whether or no it should exceed 9po, is still disputed, 
though those are generally prefiTred which arc not much 
less than 90*^, and not exceeding 120 or ISO^. Hence it 
follows that a triangle can never be fortified ; because 
cither some or ell of the angles'will be either 60 *^, or less 
than 60 . 

Bastions arenf various kinds; solid, void, regular, &c. 

Solid Bastions, arc those that arc entirely filled up 
with earth to the height of the rampart, without any TOid 
spac^ towards the centre. 
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Volp or J/oUoitf Bastion, has ihc rampart anrt parapet 
ranging only round the flanks and spaces, so that a void 
space is left uithin towards the centre, where the ground 
is so low that it' the rampart be taken, no retrenchment 
can be made in the centre, but what will lie under the fire 
of thv‘ besieged. 

Regular Bastion, is chat which has its due proportion 
of faces, flanks, and gorges. 

Deformed or Irregular Bastion, is when the irregularity 
of the lines and aii^les tlirotvs the bastion out of shape; as 
ulien it wants one of the demigorges, one side of the in- 
terior polygon being too short, olc. 

Dnni Bastion, or Half Basiioriy also otherwise called 
an Kpaulmcnt^ h:«s but one face and flank. 

Double Bastion, is when one bastion is raised within, 
and upon the plane of another bastion. 

Flat liASTioK, IS one built in the middle of the curtain, 
when it is too long tube defended by the usual bastionsat 
the extremities. 

Bast roN, is when the two sides of the interior 
polygon arc very unequal, which makes the gorges also 
linec}ual. 

Cut Bastion, is that which has a re-entering angle at the 
point, and is sometimes called a Bastion u*itA a TcnaillCf 
whose point is cut ofl*, making an angle inwards, and two 
points outwards. This is used w ben the saliant angle would 
be too sharp, or when water or some other impediment 
prevents it from being carried out to its full extent. 

BASTON, or Batoon, in Architecture, a moulding in 
the base of a column, called also a Tore, or Torus. 

BATTAHDEAU, or Cotftrdam, in bridge-building, 
ts a ease of piling, &c, without a bottom, fl.xod in the bed 
of the river, by which to lay the bottom dry for a space 
large enough to build the pier on. When it is fixed, its 
sides reaching above the surface of the river, the water is 
drawn out by pumps, dec, and it is in like manner kept 
dry till the pier is built up; and then the inateriuU of tiie 
cofferdam are drawn up. See my Tracts, vol. j, p. 100. 

BAITKN, a name given by workmen to a scantling or 
piece of wooden stuff, about ai> inch tinck, and from 2 to 
4 inches broad; of a considerable but uidetcrminatelength. 

BAlTBRiNG, the attacking a place, work, or tbc like, 
with hc^avy artillery. 

BATTfiHiNo^RAM, a military engine used for beating 
down walls before the invention of gunpowder and tbc mo¬ 
dern artilfcry. It was no other than a long heavy beam of 
timber, armed with an iron head, something like the head 
of a ram. This being pushed violently with constant sue- 
Ct^fisive blows against a wall, gradually shakes it with a 
vibratory motion, till thestonesarc disjointed and the wall 
falls down. There were several kinds of battering-rams: 
the first was rude and plain, which the soldiers carried in 
their arms hy main force, and so struck the head of it 
against the wall. The second was slung by a rope about 
the middle to another b<.*am lying across upon a couple of 
posts; which was the kind described by Josephus as used 
at the siege of Jerusalem. A third sort was covered with 
a vheti or screen of boards, to defend the men from the 
stones and Harts of the besieged upon the walls, and thence 
calk'd Testudo Arietaria, And Felibien describes a fourth 
sort of battering-ram, which ran upon wheels; and was 
the most perfect and effectual of them all. 

Vitruvius aflirms, that the battering-ram was first in- 
TC'Dted by the Carthaginians, while they laid siege to Cadiz; 
yet Pliny assures us,, that the ram was invented or used at 
Vol. I. 


the siege of Troy; and that it was this that gave occasion 
to the fable of the wooden-I jotm;. The ram soused bv tht- 
Cartlmginians was of the most simplo construction, being 
the one first mentioned. Pepliasmenos, a Tyrian, afui- 
wards contrived to sus|)ond it with ropes; and lastly, Po¬ 
ly d us, the '1 hessaliun, mounted it on wluvU, at the siege ol 
Byzantium, under Pidlip of Macedon. It has been sus¬ 
pected that the walls of Jericho, mentiuiied in the Book of 
Joshua, were beaten doun with this instrument; the ram^s 
horns there mentioned, and by means of which (hey were 
overthrown, Udiig no other than the horns of the battering- 
ram. 

Plutarch relates, tliat Marc Anthony, in the Parthian 
war, made use of a ram 80 fevt long: and ^’it^uvius af¬ 
firms that they were sometimes 106 ', and even 120 feet 
long; which must have given an immense force to this en¬ 
gine.* The ram required 100 soldiers to work and ma¬ 
nage it at one time; who being exhausted, another century 
relieved them ; by which means it was kept playing con¬ 
tinually. See fig. 2, plate v, which represents the batter¬ 
ing-ram suspended in its open frame; in which $ denote*^ 
the form of the head, fastened to the enormous beam 2, 
by three or four bands (4) of iron, of about four feet in 
breadth. At the extremity of each of these bands was an 
iron chain (6), one end ol which was fastened to a book 
(6), and to the last link at the other extremity was firmly 
bound a cable, which ran along the w hole length of the 
beam to the end of the ram 7$ >yherc these cables were 
bound together as fast as possible with small ropes. To 
the end of these cables was likewise fastened another, that 
consisted of several strong cords platted together to a cer¬ 
tain length, and then running single (8), at each of which 
were placed several men, to balance and work the machine. 
10 is the chain or cable by which the ram was hung to the 
cross beam (11), fixed on the top of the frame; and 12 is 
the base of the machine. 

The unsuspended ram diflered from this only in the 
manner of working it; as it moved on small wheels upon 
another large beam, instead of being slung by a chain or 
Cable. 

Air. Attvvood, in his Mechanics, p. 265, bos compared 
the cflects of a battering-ram to that of a 24-pouiHier; 
the metal extremity of the ram, or the bead of it, he sup¬ 
poses to be of the same magnitude as the shot: In or¬ 
der,says he, that the ball may have the same efl'ect in 
making a brooch in a wall, the weight of the ram nnist 
exceed that of the ball in the proportion of about 1700% 
to the square of the velocity^ with which this engine could 
be made to impinge against a wall, expressed in feet; if 
this may be estimaled at about 10 feet in a second, the pro¬ 
portion of the weights will be that of about 281)0000 to 
100, or 28900 to 1: the weight of the battcring-xam must 
therefore be equal to 346 ton. In this case the battering- 
ram and the cannon-ball, moving with the velocities of 
10 feet and 1700 feet rrspoctively inaset;ond, would have 
the same cfl'cct in penetrating the substance of nn opposed 
obstacle; but it is probable that the weight of the ram 
never amounted to so much as is above described, and con- 
scquenily the effects of the cannon-bull to cut down walls 
by making a breach in them, must exceed those of Uic 
ancient batlcring-ramb: but tbc momentum of those, or 
the impetus whereby (hey communicated a sliock to Uic 
whole building, was far greater than the utmost force of 
cannon-balls; for if the weight of the baltering-ram were 
no moro than 170 times greater than that uf a cunnon- 
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lull, c;Kb nusiiii: wjib ils rrspixiivc velocity; ihe mo¬ 
menta of bolh wouM be equal : but as it is ccrtaiii> that 
I be sveifjht of those ancient ]nucluiH*» uas far more than 
170 iitn('5 our heaviest cannon-balls, it follows (hat their 
momentum or impt^tns, to sliakc or overturn walls, 
was far superior to that which is c.Neiled by modern ar* 
irllery. And since tfje strength of fortifications will ince* 
nernl be proportioned to the means which can be used tor 
their demolition, the military walls of the moderns liavc 
been constructed with h>s attention with regard to their 
soii<lity and nia>sy weight, than the ancients thought a 
necessary defence against the power of the ram ; that sort 
of colu*sivc firmness of te.\lure w hich resists the penetration 
of bodies being now more necessary than in ancient times: 
but it is matiifest tiint even now, solidity or weight in for¬ 
tifications also is of material consetpicnce, to the effectual 
construction of a wall or battery/' 

BA'ITEKV, in the Military Art, a place raised to plant 
cannon upon, to play with more advantage on the ene¬ 
my. It consist'^ of an cpanlmcnt or a breast-work, of about 
Sleet high, aixl 18 or 20 feet thick. 

In all butteries, the open spaces through which the muz¬ 
zles of the eamion are pointed, are called Emhruzurcs, and 
the distances between the embrasures, Merlons. I'hc guns 
arc placed on a platform composed of planks ascend¬ 
ing a little from the parapet, to check the n^coil, and that 
the gun may be the easier brought back again to the pa¬ 
rapet : they arc placed from 12 to 16 feet distant from one 
another, that the parapet may be strong, and the gunners 
have room to work. 

. iVor/ar Da TTERiEs dificr from the others, in that the 
slope of the parapet is inwards, and is without cmbrl* 
surcs, the shells being fired quite over the parapet, com¬ 
monly at an angle of 45 degrees elevation. 

Opoi Battery, is nothing more than a number of can* 
non, Commonly field-pieces, ranged in a row abreast of 
one another, perhaps on some small natural elevation of 
the ground, or an artificial bank a little raised for the 
purpose. 

Covered or Mazked Battery, is when the cannon and 
gunners are covered by a bank or breast-work, commonly 
made of brush-wood, faggots, and earth, called a fascine 
battery* 

SinOc or Buried Battery, is when its platform is sunk, 
or letdown into the ground, so that trenches must be cut 
into the earth opposite the muzzles of the guns, to serve 
as embrasures to fire through. Tliis is mostly used on 
the first making of approaches in besieging and battering 
a place. 

Ricochet Battery, so called by its inventor M. Vau* 
ban, and first used at the siege of Aeth in I 697 . It is a 
method of firing with a very small quantity of powder, 
anti a little elevation, so as just to fire over the parapet; 
and then the shot will roll along the opposite rampart, 
dismounting the cannon, and driving or destroying the 
troops, in a siege, they arc generally placed at about 300 
feet before the first parallel, perpendicular to thq faces 
produced which they arc to onlilude. Ricochet practice 
is not confined to cannon alone; small mortars ami how 
ilzers may effectually be used for the same purpose. They 
are of singular use in ociiort to enfilade the onem/s ranks; 
for when the men perceive the shells rolling about with 
ibeir fuses burning, expecting them to buret every mo¬ 
ment, the bravest among Uicm will not have courage to w ait 
their approach, and face the havoc of their explosion. 


Cross RATTcniEs, arc two batteries playing athwart 
each other upon tlic same object, funning an angle there, 
arni battering to mon* effvet, because what one battery 
bhukes, the other beats down. 

BATTrnr d'E^i/iladcy is one that scours or sweeps the 
whole length of a straight line. 

Battery cn Ec^tarpe^ is one that plays obliquely. 

Ba iteuv de Reverse^ or Murdering b>t((cry^ is unc that 
pla^s upon the enemy's back. 

Catnerude or Joint Battery, is when several guns play 
upon one place at the same time. 

Battery, in Electricity, is a combination of coated 
surfaces of glus^. commonly jars, so connected together 
that they may be chargcil at once, and discharged by a 
common conductor. Mr. Gralath, a German electrician, 
firbt contrived to increase the shock by charging several 
phinis at tlie same time.~I)r. Franklin, having analy^^d 
the Lt'vden phial, and found that it lost at one surface the 
clectriCi fire received at the other, constructed a battery 
of eleven large panes of sash window glass, coated on both 
sides, and $0 connected that the whole might be charger) 
together, and with the same labour as one single pane; 
then by bringing all the girmg sides into contact with one 
wire, and all the reedting sides with another, he contrived 
to unite the force of all the plates, and by that means to 
dischatgc them at ouce.-^Dr. Priestley describes a Still 
mure complete battery. This consists of 64 jars, each 10 
irtches long, and 24 inches in diameter, all coaled within 
an inch and a half of the top, forming in the whole about 
31 square f<*ot of coated surface. A piece of very fine 
wire is also twisted about the lower end of the wire of 
each jar, to touch the inside coating in several places; and 
it is put through a pretty large piece of cork, within the 
jar, to prevent any part of it from touching the side,a by 
which a spontaneous discharge might be made. Each wire 
is turned round so as to make a loop at the upper end; 
and through these loops passes a considerably largo brass 
rod with knobs, each rod serving for one row of the jars; 
and these rods arc made to communicate together by n 
thick chain laid over them, or as many of theni ns may be 
wanted. The jars stand in a box, the bottom of which is 
covered with a tin plate; and u bent wire touching the 
plate passes through the box, and appears on the outsidif. 
To this wire is fastened any conductor di*signcd to com¬ 
municate with the outside of the battery ; and the dis- 
cliargc is made by bringing the brass knob info contact 
with any of the knobs of the battery. When a very great 
force is required, the size or number of the jars must be 
increased, or two or more batteries may be used.—But tho 
largest and most powerful battery of nll| is that employed 
by Dr. Van Mururn, to the greaX electrical machine, con¬ 
structed for Teyler's museum at Haarlem. This grand 
battery consists of a great number of jars coated as above, 
to the amount of about 130 square feet; and the effects 
of it, which arc truly astonishing, are related by Qr. Van 
Marum in liis description of this machine, and of the ex¬ 
periments made with it, at Haarlem 1785, &c. Sec also 
Franklin's Ex per. and Observ. and Priestley's History of 
Electricity. t 

Battery or Pile, in Galvanism, is an apparatus em¬ 
ployed for accumulating the electricity of galvanism, which 
is produced by the mutual agencies of certain metallic and 
carbonaceous substances, and peculitir fiuids. It vrss in- 
vented by the celebrated Volta, from whose labours the 
new science of gal>*anism has derived many advantages, 
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nnd much improvcmeni. Mr. Henry, m his valur^bto 
Epitome of Chemistry, gives the following easy directions 
for the construction of this pile: “ Procure at a brazier's 
or copporsinilh’s, 30, 40, or 50 pieces of zinc, or spelta*, 
cast in sand, of the size of haiNcrowns or shillings, 
but rather thicker. A corr<^pon<ling number of half* 
crowns or shillings will also be required, according to the 
sizes of the pieces of zinc that may be emj)loyed. Let an 
equal number of pieces of woollen cloth be cut, of a cir* 
cular shape to correspond with the pieces of zinc, and 
steep these in a strong solution of common salt in water. 
Then dispose the three substances alternately, in the fol¬ 
lowing order; silver, zinc, moistened cloth; siUer, zinc, 
&c; till a sufficient number of these triplicates, not los 
than 20 or 30, have been thus arranged, the silver termi¬ 
nating tbe pile at top. In order to facilitate the touching 
of the bottom piece of silver, it may be well to put under 
it a slip of tinfoil, or Dutch leaf, which may project a few 
inches. Next h t the hands be moistened with salt and 
water; and on touching the piece of tinfoil with one hand, 
the uppermost piece of silver with the other, a shock will 
pass through the arms, which will be strong in proportion 
to the number of pieces of zinc See emplo^'cd,” Of late, 
copper has been used instead of silver, on account of its 
being cheaper; and solutions of muriate of ammonia (saU 
ammoniac), of nitrous acid and of muriatic acid, have 
been substituted for the solution of common salt with in* 
creased effect. Any two metallic substances which are 
perfect conductors of electricity will answer the purpose, 
on condition that the interposed fluid is capable of oxy- 
datingat least one of them* 

Various forms of this battery have been a(lo|)t< d by 
difTcrenc philosophers; but none have br^'ji brought into 
such general use os Ue galvanic trough itivi iited l>y Mr. 
Cruicshaiik, of Woolwich. It consists of a box of baked 
wood, in which plates uf copper and zinc, or of silver anti 
zinc, soldered together at their edges, are ct‘inenled in 
such a planner as to leave a number of water-tight cells 
corresponding to the number of the scries.*^ The common 
Voltaic pile, on account of the loss of moisture, generally 
loses its electrical action in a few days, and this cannot 
ho renewed without the trouble of reconstruction ; but by 
Mr. Cruieshankg contrivance, which becomes active on 
merely fllling the celts with the proper saline fluids, and 
freeing it when necessary from o.xyd by muriatic acid, 
greater permanencyss secured, much trouble is prevented, 
and much time snvcd« 

A very powerful galvanic pile is that of M. Pepys, ju¬ 
nior; for a description of which the reafler mav consult 
the Phil. Mag. No. 57- Sec also Galv.wism.* 

BA'rrLEMENTS, in Architecture, arc notches or in¬ 
dentures in the (op of a wall or other building, likcom- 
brasures^ to look through. 

BAY, in Geography, denotes a small gulf, or an arm 
of lhesc*u stretching up into the land ; being larger in the 
middle within^ than at its entrance, called the mouth of 
the bay. 

BA\ RR (Jonw), a German lawyer and astronomer, 
flourished the latter part of the 16th and beginning of tbe 
17th century, but in what particular year or place he was 
born, IB not krfown; bis name however will be over me¬ 
morable in the annals of astronomy, on account of that 
great and excellent work which he first published in the 
year l60S^ under the title of Uranometria, ucing a com¬ 
plete celestial atlas, or large folio charts of all the con¬ 


stellation^, with a nomcnclutun^ collected from ilit ddlVn i.: 
tables of iisironoiuy, ancient and modern, tog»*ilKr ^vf^h 
the usvful invcnlioti <if denoting the stars in every cc>n^^'.!- 
lalion by the U tters of tljc Grct k alphabet, in their ureier, 
and according to the onler of thrirmagnitudi* in each con¬ 
stellation. By means of these inark^, the stars of the In .i* 
vens may, with as great facility, be <hsiinguislied and re¬ 
ferred to, as the several places of the earth are by means 
of geographical tables; and as a proof of the usefulness 
of this method, our celestial globes and atlassos have ever 
since retained It ; and hence its general use through alt 
the literary world. Astronomers, in speaking of any star 
in the constellation, <lenote it by saying it is marked by 
Bayer, a, or (3, or y, &c. 

Bayer lived many years after the first publication of this 
work, which he greatly improved and augmented by hi^ 
constant attention to the study of (he stars. At length, in 
the year l627, it was republished under a new title, viz, 
Coeluin Stellaium Chiistianum, or the Christian Stellated 
H eaven, or the Starry Heavens Christianized: fur itt this 
work, tlie heathen names and characters, or figuics of the 
constellations are rejected, and others, taken from the 
Scriptures, inserted in their stead, to circumscribe the re¬ 
spective constellations. 'Phis was the prcject of one Ju¬ 
lius Schiller, a civilian of the same place. But this at¬ 
tempt was loo great an innovation, to find success, or a 
general reception, w hich might occasion great confusion. 
And, wo even fiml in the latter editions of this work, that 
the ancient figures and names were rc^storod again; at 
least so I find thorn in two erlilions, of the years 1654, and 
l66l, which are now before inc. 

BA\I.Y (^VM.), a respectable astronomer and mathe¬ 
matician, was born at Bishop-Carions in Wiltshire, 1737, 
where the early part of his )oulh was employetl in the lino 
of his father, on a small farm in that parish ; till accident 
threw ill his way books and assistance, by which means 
he became qualified for an uslier in a school. He aftor- 
wanls passed a few years as assistant with Dr. Maskelyne, 
the nstrononuT royal at Greenwich; by whose ft‘Com- 
inendation Mr. B. in 1769, was svmt out by the Royal So^ 
ciety to the North Cape, to observe the tmosit of Venus 
of that year; of which Iris account was published in the 
Philos. Trans. In 1772 Mr. B. as one of the astronomers, 
sailed with Capt. Cook, on his second voyage of discovery 
in the southern hemiitphcro; and again, in 1*76, ill tli« 
third and last voyngi*, which uiiforlunatoly terminalcd the 
useful life of that brave and excellent commander. On 
the rIcccQsc of Mr. Witchell, the first master in the Royal 
Naval Academy at Portsmouth, in 17S5, Mr. B. was ap¬ 
pointed his successor, which situation he held, with much 
credit to himself, and benefit to the institution, until the 
new cstablishnn-nt of the Royal Naval College, in 1S07; 
when Mr. B. was allowed to retire on a handsome pen¬ 
sion, which he enjoyed till the time of his death, which 
happened at Portsca the latter part of 1810, at 73 years 
of age. 

BEAD, in Architecture, iso round moulding, carved 
in short enrbossmonts, like bends in necklaces; and some¬ 
times an astragal is thus carved. There is also a sort of 
plain bead often set on the edge of each fascia of an archi¬ 
trave; as also sometimes on the lining board of a door¬ 
case, the upper edge of skirting boards, &c. 

Bead, in Assaying, the small ball or mass of pure me¬ 
tal separnicd from the scoiia, and seen distinct and pure 
in the middle of the coppe) while in the fire. 
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FUvAM, in Architecture, the largest piece of wood in a 
building; being laid acroKs the walls, and serving to sup* 
port the principal raUi rs of ihc roof. Several ingenious 
authors hav<* considered the force or strength ot beamS) 
as supporting their own weight and any other a<iflitioiial 
weight; particularly Varignon, and Parent in the Mo 
inoir. Acad. U. Sciein an. 1/08, and Mr. r.merson,on the 
Strength and Stress of'rimber,in his Mechanic^. Mr. Pa¬ 
rent makes the piupurtion of the depth to the breadth ot 
a rectangular beam to be as 7 to 5 when it is strongest* 

'J'hc projioitious of beams near London, are fixed by 
statute, as follows: a beam 15 feet long must be, at least, 
7 inches on one side itc square or end, and 5 on the other; 
if l6fcet long, the ends mu>t be 8 inches by 6; if 17 feet 
long, 10 inches by 0 : in country places lliey are usually 
made stronger* Sir H. Wotlon advises these to be of the 
strongest and most durable timber* Some of the best 
thors have examined the force or strength of beams, and 
brought their resistance to a precise calculation ; and the 
chicl results of their imesti^Mtions arc the following: 

1. The strengtiis of two beams, of the same wood, and 
of different <iimensipns, are to each other, as the products 
of their sections multiplied by the distances or heights of 
their centres of gravity from the base, or underside, and 
divided by the lengths* 

2. When the lengths arc equal, the strengths arc ns the 
sections multiplied by the distances of the ccntri'S of gra¬ 
vity above the buse* 

3. When the sections arc equal, the strengths are os the 
heights of their centres of gravity divided by their lengths. 

4* When the heights of the centres of gravity arc equal, 
the strengths arc as their sections divided by their lengths* 

5* A rectangular beam with its narrower face upwards, 
is stronger than with its broader face, in proportion ns the 
broader face is to the narrower. 

6. A rectangular beam will boar a greater weight when 
it is 6xed so, that its diagonal is in a vortical position, than 
^Yhcn it is placed flat on one of its sides. 

7* The strength of a cylindric beam, is to that of the 
circumscribed square one, as their sections, or as the area 
of a circle is to its circumscribed square, that is, as 7854 
to 1, or as *11 to 14* 

8. The strongest rectangular beam whicli can be cut 
out of a cylindrical tree, is that whose breadth is to its 
depth, as 1 to v/2, or very nearly as 6 to 7* 

9* The strength of a triangular beam when laid flat on 
its base, is double the strength of it when laid the reverse 
way, or with the base uppermost* 

10. The stress upon a beam, to break it, by a weight 
laid upon the middle, is to the stress when laid nearer one 
end than the other, as the square of half the length, is to 
the product of the distances of the weight from each end* 
Therefore a beam will sustain the least weight in the mid¬ 
dle, but gradually more and more towards one end* 

11. When abeam is laid in an oblique position, its 
strength is to the strength in a horizontal position, as ra¬ 
dius 16 to the cosine of the inclination* 

12* A beam supported near both ends on two props, 
will sustain twice as much when the ends beyond the props 
are kept from rising, os when it rests loosely on the props. 
Sec Carpentry. 

13. When a bar or beam is sustaining any very great 
compression endways, it is much easier broken by any 
transverse strain. Several eKpcrimenls Lave been made 
on this kind of strain: a piece of white marble^ for in- 


btaiicp, of an inch square, and 3 inchi's betwten the 
props bore 3Ulbs; but ivhvn comprciiscd endways with 
300lbs, it broke with 144- The diirerencc is much more 
ri-niarkublc in timber and soft bodies, but it is considpr* 
able in all. 

1 k. As the strength of the same kind of wood varies very 
much, it is in.|M>ssib)i' ever to come to an exact knowledge 
of the just proportion between the strengths of dift-rent 
kinds. 'Mius much however may be said, with regard lo 
the two kinds commonly used for beams, &c, namely oak 
and dr, that the former is stronger than the latter, nearly 
in the proportion of 9 to 8. 

Beascs of a ship, are the large, main, cross timbers, 
stretched from side to side, to support the decks, and keep 
the sides of the ship from fulling together. 

Beam o/ a balance, is the horizontal piece of wood or 
iron supported on a pivot in (he middle, and at the extre* 
milies of which the two scales arc suspended, for weighing 
any thing. 

\^c.A.}i'Compass, an instrument consisting of a wooden 
or brass square beam, having sliding sockets carrying steel 
or pencil points; and are used for describing large circles, 
the radii of which are beyond the e.xtcnt of the common 
Compasses. 

BBAR, in Astronomy, a name given to two coiutella. 
tions, called thegiearcr and the leuer bear, or Ursa ma¬ 
jor and minor. The pule star is in the tail of (he little 
bear, und is vvitiiin less than 2 degrees of the north pole. 
See Ursa, major and minor. 

BEABL), qf a Comet, the rays which it emits in the di* 
rcction in which it moves; as liistinguishtd fiom the tail, 
or the rays emitlod or left behind it as it niuvcs along, be* 
ihg always in n dircciiuii from the sun. 

BEARER, ill Architecture, any subsidiary or interme¬ 
diate support in aid of the principal supports, as the small- 
joists or bnickets which bear a gutter or the covering 
board of a cornice; the piers and blockings under the 
joints of n gruund-fluor; or the juist-s, iSce, which bear any 
thing independent of or unconnected with the building; 
as the bearers of a cistern, of a vat, of u plulform. 

BEARING, in Gcogiaphy and Navigation, the situation 
of one place from another, with regard to the points of 
the compass; or on arch of the horizon between the me- 
ridinn of a place and a line drawn through this and ano¬ 
ther place, or the angle formed by a line diawn through 
the twQ placcsand their meridians.—The bearings of pinces 
on the ground arc usually determined bv the magnetic 
needle. 

BEATS, in a Clock or Watch, are the strokes made by 
the fangs or pullets of the spindle of the balance; or of 
the pads in a royal pendulum. For the number and use 
of the beats, see Derham’s Artificial Clock iMakcr, pa. 14 
and scq. 

BEAT, in Music, is a grace marked thus ", or tbus;^. 
Its cHect is just the contrary of a transient shake in rapid 
movements, where it can neither be prepared nor turned. 

BEAUNE (Flohimone), counsellor or presidial of 
Blois, was born in l601, and died in 1651. He illustrated 
with notes the most ilidicult passages in the geometry of 
Descartes, all the mysteries of wjiich he understood. In¬ 
deed that groat man had such a respect fof Beaune, that 
in several of his lottcn he declares, that be relied mote on 
bis learning and approbation, than on those of all tho 
other roathoAiaticians then in Franco.—Beaune proposed a 
problem which gave rise to the inverse method of tangent*. 
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BECCARIA (James Bahtiiolomew), a celebrated 
mathematician and ])hilusopher of the 17tb century, was 
born at Bononiu. in l6S2, and received the early part of 
his education among the Jesuits. Turning his attention 
to ihcbludy of natural philosophy^ ho soon became distiii- 
guiblicd for the variety and depth of lus knowledge in phy* 
sics and in mathematics, of which he was muilc public 
professor, and in conjunction with Morgagni, and other 
celebrated characlers at Bononia, as>isted in forming an 
academy there for teaching mathematics, natural history, 
chemistry, anatomy, and medicine. He was a ficqucnt 
correspondent with the Royal Society of London, of which 
lie was made an honorary member. Among oiIht com¬ 
munications from Beccaria, which appear in the Phi). 
IVans. arc his “ Observations on the ^Vealher/’ On the 
Ignis Patuus/^ and On the power some persons have 
enjoyed of supporting life for a great length of time with¬ 
out food." 'i'his was afterwards published at Padua, un¬ 
der the title of*' Oejejuniis longis Dissertatio," folio 1748- 
He dietl Jan. i76f>, being 84 years of age. Among hU 
publications are the following: 

1 . Disserlatio Mcteorologica Medica, in qua acris tem- 
perieset morbi Bononia^ grasvantesunnis ]729clscqucnti 
describuiitur. 

2 . Dc quamplurimis phosphoris nunc primum detec- 
tis Commentarius, in 4to, 1744 at Bonoiu 

3. Scriptura Mcdico-legalis, 1/49* 

Besides numerous other compositions, the titles of which 
may be seen in Gcn« Biog. and Hal. Bib* Amur. 

BECCAlU.A (GiambATT iSTA), an eminent philoso¬ 
pher, and H monk of Ecolcs-Pies, was a native of Men- 
dovi, in Piedmont, and became a professor of mathema¬ 
tics and philosophy, tirst at l^ah rmo, and next at Rome* 
Me afKcr>vardb occupied the chair of cxpei imeiital philo¬ 
sophy at I'urin, and was appointed preceptor to the 
princes of Sardinia* His chief works are : 

1 , IJcir Kieltricisino Artihciale e Naturalc, in 4to, 
17*53, and of which an English translation w^as published 
also in 4to, 1776* 

2* lA lU re dcir Elettricismo* folio 1738. 

3* Gradus Taurinensis, 1774, in 4to, being an ac¬ 
count of liis measurement of a degree of the meridian 
near Turin, which he carefully executed between the years 
17(iO and 1764. 

He also published Essays on the Cause of Storms and 
Tempests on the meridian of Turin, &c. This philosopher, 
no lesA respected for his virtues than his knowledge, died 
at Turin in an advanced age, May 22, 1781. 

RED, (if a Grtai Guriy a plank laid between the cheeks 
of the carriage, on the middle transum, for the brccch of 
Ihc gun to rest upon. 

Brp, or Stooly of a mortar« a thick an<i strong planking 
on which a mortar is placed, hollowed a little to receive 
the breech and trunions. 

BED-MOULDING, it) Architecture, a term used by 
workmen for those memb(*rs in a cornice, which are placed 
below the coronet, or crown. It usually consists of these 
four members, an ogee/a list, a large boultinc, and an¬ 
other list under the coronet 

BEES, in Naval Architecture, denote pieces of elm 
plank bolU'd to the outward ends of bowsprits. 

BRIGHTON (Uevay), p. h.s., was a respectable ma¬ 
thematician and mexbanist, being well skilled in machi¬ 
nery, aud followed the profession of a civil-cngioccr, be¬ 
ing indeed the most emineot one of his time* He was tbo 


intimate friend of Dr* Dc^agulitrs, who received tioiu liini 
many valuable communications in rncchanics^cnuiijt's. ^ 
some of which may be vecn in several parts of the •<! 
of the Doctor's Ciiur^o oi K^’^eriinehial Philosophy, |iani- 
cularly at pp. 4Jl, 437, 449, 461.472, 497, 534, 

He coiniiiuiiicatt d to tlie Ro)al Society also a curious let¬ 
ter, containing a Descrqjtion of the Wat^ r-Works at Lon¬ 
don Bridge; printed in tin* PIkilos. I'rans. vol. 37, p*5; 
OP my Abridg. vol. 7, p. 442. 

It is probable that Mr. U. died in 1743 or 1744, as it 
appeal's he c<mducted the Lariies’ Diary for tlie Stationers' 
Company, fium 1714 to 1744 mclusivcly; di-^chariiiug 
that trudt with such satidfaction to the company, that they 
permitted his w'idow to enjoy it for many yeiir'* aticrwards, 
by employing a de[>uty to compile that useful annudl lit¬ 
tle book. In this almanac, for tlie year 1721, Mr. B. in¬ 
serted a curious table of calculations on the steam-engine. 

BELIDOK (BfciiNAUn Fouf.j^t df), anen^inevr in 
the service of France, but born in Catalonia in U>98. He 
was professor in the new school of artillery at la Fere, 
w here he published his course of mathematics for the use 
of ti.e artillery and engineers* He was the first who seri¬ 
ously considered tlie quantity of gunpowder proper for 
charges, and rtnluccd it to 2*3ds the quantity. He was 
named Associate in the Academy of Sciences in 1751; and 
died Sept. 8, I76l, at 63 years of age. 

His works that have been published, are : 

1. Sommaire d\in Cours d'Architecture miiitaire, civile, 
ct hydraulique, in r2ino, 1/20. 

2. Nouveau Cours de Matliematiques, &c. iii4lo, 1725. 

3. Science des Iniiinieurs, in 4lo, 1/29. 

4. Le Bombardier Francois, in 4to, 1734. 

5. Architecture Hydraulique, 4 vols. in 4to, 1737* 

6. Diciionnuire ]>ortati] de rJng^iiieur, in 8vo« 

7* Traite des Fortifications, 4voU. in4to. 

Besides several pieces insisted in the volumes of the 
Memoirs of the Academy of Sciences, for the years 1737, 
1750, 1753, and 1756. 

BELLATRIX, in Astronomy, a nicldy, glittering star 
of the 2d magnitude, in the left shoulder ot Orion. Us 
name is from the L;itin bcUuuiy as being anciently sup¬ 
posed to havc'grcat influence in kindling wars, and form¬ 
ing warriors. 

BELLOWS, a machine so contrived as to o.xspire and 
inspire the air by .turns, by enlarging and contracting its 
capacity. This nmcliinc is used in chambers and kitchens, 
ill forges, furnaces, and fouiulcries, to blow^ up the fire: 
it serves also for organs and other pneumatic instruments, 
to give them a proper supply of air. All these arc of va¬ 
rious constructions according to their ditiereut purposes 
but in general tliey arc composed of two flat boards, soino- 
limcs of an oval, sometimes of a triangular figure: two 
or more hoops, bent according to the flgun.* of llio boards, 
are placed lH*twecn them ; a piece of leather, broad in 
the middle, and narrow at both ends, is nailed on the 
edges of the boards, which it thus unites together; as also 
ill tlie hoops which separate the boards, that the leutiier 
may the easier open and fold again: u tube of iron, brass, 
or copper, is fastened to tlie undermost board, and ^llcre 
is a valve within that covers the hole in the undorb^r^, 
to keep the uir from escaping. 

BELTS, Fasciitf in Asinmomy, rivo aont's or girdles 
surrounding the planet Jupiter, brighter than any of the 
rest of bis body, and terminated by parallel lines. They 
arc obicrved however to bo somedn^es broader and some- 
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limes n.irr<iwer, aiul i)ot always occupying exactly the 
sjinit j):ul ot ttie <IKc. Jupiter's bolls wore first obsiTveil 
and (i by IluygeriN, in bis Syst. Saturn. Dark 

spMls iia\e cUeii Ixea observed on the bid Is of Jupiter; 
uimI M. C'assnii (ibserv(‘<l a periiiaiient one on the northern 
side (d tlic inn>t soulhern belt, by which he cic termined 
llie leniilh of Ju|)iliT's dayS| or liu* lime in which the pla*- 
net n^volscs upon lU axis» which is 9h« 56m. Some astro* 
iioineis suppose that tlicsc belts arc which alternately 
c<ivei and leave Lure large tracts of the planets surface: 
and tfiat (he spots are gulfs in those seas, which arc 
soinetnnes dry and sometimes fulL But Azout conceived 
that the sp<da are protuberances of the belts; and others 
again are of o|)inion that the transparent and moveable 
spots arc the shadows of Jupiter's satellites* 

Cassini also speaks of the belts of S;tlurn; bidng three 
dark, siraiglit, parallel bands, or fascia^ on the disc of that 
(danet, But it does not appear that Saturn's belts adhere 
to his body, as those of Jupiter do; but rather that they 
arc large dark rings surrounding the planet at a distance* 
Some imagine that they are clouds in the atmosphere of 
Saturn, though it would seem that the middlemost is the 
shadow of his ring, 

BENDING, the reducing a body to a curved or crook¬ 
ed form. The bending of boards, planks, &c, is effected 
by means of heat, whctlicr by boiling or otherwise, by which 
their fibres are so relaxed that they may be bent into any 
figure. Bernoulli has a discourse on the bonding of springs, 
or elastic bodies. And Ainontons gives sesernl experiments 
concerning the bending of ropes. The friction of a rope 
bent or wouihI about an immoveable cylinder, is sufficient, 
with a very small power, to sustain very great weights. 

BERENICE’S Hair; see Cost a Berenices, 

BERKELEY (Geohci:), the virtuous and learned bi¬ 
shop of Cloyne in Ireland, was born in that kingdom, at 
Kilcrin, the 12lh of March l6S4* After receivins: the first 
part of his education at Kilkenny school, he was admitted 
a pensioner of Trinity College, Dublin, at 15 years old ; 
and chosen fellow of that college in 1707, 

The first public proof he gave of his literary abilities 
was in his Aritliineticaabsquc Algebrauiit Euclidc demon- 
strata: which from the preface it appears he wrote before 
he was 20 years old, thou:;h he did not publish it till 1707 . 
It is foHotved by u Mathcniatical Misceibiny, containing 
observations and theorems inscribed to his pupil Samuel 
Molineux. / 

III 17 09 came out the Theory of Vision; which of alt his 
works appears to do the greatest honour to his sagacity 5 
being the first attempt that ever was made to distinguish 
the immediate and natural objects of sight, from the con¬ 
clusions we liu\e been accuilonnd from infancy to draw 
jrom them. The boundary is here traced out belwcen the 
ideas of sight and touch; and it is shown, that though ha¬ 
bit ii^ so connected these two classes of ideas in the mind, 
that they arc nut without a strong effort to be separated 
from each other, yet originally they have no such con¬ 
nexion : insomuch, that a person born blind, and suddenly 
made to see, would at first be utterly unable to tell how 
any object that afiected his sight would affect bis touch; 
*d particularly would not from sight receive any idea of 
distance, or external space, but would imagine all ob|ccts 
to be in his eye, or rather in his mind. ^ 

1710 appeared 

Ine Fnnctplcs of Human Knowledge; and in 17 13 Dia- 
logucs between Hylas and Philonous; the object of both 


which pieces is, (o prove that the commonly received no¬ 
tion uf the existence of matter, is false; that stmsible ma¬ 
terial objects, as they arc called, arc not external to the 
mind, but c.sist in it, and arc nothing more than impres¬ 
sions rpa<le upon it by the immediate act of God, accord¬ 
ing to certain rules called laws of nature. 

For acuteness of parts and beauty of imagination, few 
authors can vie with IkTkeley: Ins writings excited uni¬ 
versal admiration, and his company was courted even by 
men of opposite parties, who also concurred in recommend¬ 
ing him. For Steele he wrote several papers In the Guar¬ 
dian, and at ids house became acquainted with Pope, with 
whom he always li\ed in friendship. Swift recommended 
him to the celebrated carl of Peterborough, w ho being ap¬ 
pointed ambassador to the king of Sicily and the Italian 
States, took Berkeley with him as chaplain and secretary 
in 1713 , with w hom he returned to England the year fol¬ 
lowing. 

His hopes of preferment expiring with the fall of quern 
Anne’s ministry, he some time after embraced an offtr 
made him by Ashe, bisluip of Cloghcr, of accompanying 
his son in a tour through Europe. At Paris he vEited the 
illustrious Malchranche, whom he found in his cell cook¬ 
ing in a small pipkin a medicine for nn inilammation of 
the lungs, with which he was afilictcd; and as they en¬ 
gaged in a conversation on Berkelcy’ssysicm, Malcbranche 
in the heat of disputation, raised his voice so high, and in¬ 
dulged the natural impetuosity o( his temper to such a de¬ 
gree, that he hrouglit on an increase of his disorder, which 
carried him off a few days after. During four years' ab¬ 
sence from England, he not only visited those places which 
fell within the grand tour, hut some that arc less frequent¬ 
ed, and with grout industry collected materials for a natu¬ 
ral history of those parts, but which were unfortunately 
lost in his passage to Naples* He arrived at London in 
1721 ; and being much concerned for the miseries of the 
nation, brought on by the disastrous South-sea scheme of 
1720 , he published the same year An Essay towards pre¬ 
senting the ruin of Great Britain: reprinted in his Miscel¬ 
laneous Tracts. 

The path loading to the highest company being now 
open, Pope introduced him to Lord Burlington, by whom 
he was recommended to tiic Duke uf Grafton, thuii appoint¬ 
ed lurd-Iicutennnt of Ireland, who took Berkeley over os 
one of his chaplains in 1721. ’Phe latter pai l of ibis year 
he tibtained the degrees of bachelor and doctor in divinity: 
and tlie year following he had a very unexpected increaBo 
of fortune from the death of Mrs, V'anhoiurigh, the cele¬ 
brated Vanessa, to whom he had been introduced by Swift: 
this lady had intended Swift for her heir; but perceiving 
herself to be slighted by him, she left her fortune, of 8000/, 
between her two executors, of whom Berkeley was one. In 
1724 he was promoted to the deanery of Derry, worth 
1100/ u year. 

In 1725 he published A Proposal for converting the sa¬ 
vage Americans to Christianizes by a college to be erected 
in the Summer Islet, otherwise called the hies of Bermuda, 
which has also been reprinted in his Miscellaneous Traclt. 
The proposal was well received, at least by the king; and 
he obtained a charter for founding the college, with a par¬ 
liamentary grant of 20,000/ towards carrying it into exe¬ 
cution: but he could never get the money, it being otht^ 
wise employed by the ministry: so that after two years* 
slay in America on this business, he was obliged to re¬ 
turn, Bfld the scheme cooscquontly expired.* 
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In 1/32 he publisheH The Minute Philosopher^ in 2 
volumes 8vo, against Freclbinkcrs. In 1733 he was made 
bishop of CU^yne; and might have been removed in 17*^5, 
by Lord Chesterlield, to CJoglicr; hut declined it. He re¬ 
sided constantly at Cloyno, where he faithfully discharged 
ail the othci's of a good bishop, yet continued his sludk^s 
with tmabated attention. 

About this time he engaged in a controversy with the 
mathomaticianSi which excited the high<*st interest in the 
lilcrarv world : the occasion of it was this: Mr. Addison 
had given the bisho|) an account of the behaviourof their 
common friend, Dr. Garth, in his last inn<^>, which was 
equal IV unplcasing to both these advocate's of revc^aled re¬ 
ligion. For when Addison went to see the doctor, and 
began to 'discoui'sc with liim seriously about another 
world, ‘‘Surely, Addison,” replied he, “ 1 have good rea¬ 
son not to believe those trifles, since my Iriciid Dr. Halley, 
who has dealt so much in domonvtration, Iihs assured me, 
timt the doctrines of Christianity are incomprehensible, 
and the religion itself an imposture/' 'I'lio bishop there¬ 
fore took up arms against llulley, and atlJre^ssed to him, 
as to an Inlidel Mathematician, a drscourse called The 
Analyst; with a view of showing that mysteries in faith 
were unjustly objected to by mathematicians, who he 
thouglit admitted others much greater, and even falsehoods 
in science, of which he endeavorfred to prove that the doc¬ 
trine of Fluxions furnished a ck^ar example* This attack 
gave occasion to Robins's Discourse concerning the Me* 
thod of Fluxions, to Maclaurin's Fluxions, and to otiicr 
smaller works on the same subject; but the tlircet answers 
to the Analyst were made by a person under the name of 
Philalcthcs Cantabrigiensis, but commonly supposed to be 
Dr. Jurin, whose lir^t piece was, Geometry no Friend to 
Infidelity, 1734. To this the bishop replied in A Defence 
of Frcxuliinkirig in Mathematics; with an Appendix con¬ 
cerning Mr.AValton's Vindication, 1735; which drew a se¬ 
cond answer the same year from Philuicthcs, under the 
title of'Fhe Minute Mathematician, or The Freethinker no 
just'I'hinker, 1735* Other writings in this controversy, 
besi<Ies those before menttoned, were, 

1 . A Vindiciition of Newton's Principles of Fluxions 
against the objections contained in the Analyst, by J.WaU 
ton, Dublin, 1735* 

2. TheCuUchism of the Author of the Minute Philoso¬ 
pher fully answered, by J* Walton, Dublin, 1735. 

3. Reasons for not replying to Mr. Walton's Full Answer, 
in a letter to P. T* P* by the author of the Minute Philo¬ 
sopher, Dublin, 1735* 

4* An Introduction to the Doctrine of Fluxions, and 
Defence of the Mathemuticians'againsc the objections of 
the author of the Analyst, &c* Lond* 1736* 

5* A new Treatise of Fluxions; with answers to the prin¬ 
cipal objections in the Analyst, bv James Smith, A. M* 
Lond* 1737* 

6 Mr* Robins's Discourse of New ton's Methods of Flux¬ 
ions, and of Prime uiid Ultimate Ratios, 1735* 

7* Robins's Account of the preceding Discourse, tti 
the Repub. of Letters, for October >735* • 

S* Philalethos's Considerations uponsomc passages con¬ 
tained in two letters to the author of the Analyst dec, in 
Repub* of Letters, Kovemb* 1735- v 

9* Mr* Robins's Review of sonic of the principal objec¬ 
tions that have been made to the doctrine of Fluxions dec, 
Repub* of Letters for Dcccm. 1735. 


10. Philaletlics's Reply to ditto, in the Repub. of h tiers, 
J:ui. 1736\ 

11. Mr. Robins's Dissertation, showing that the account 
of the doctrines of Fluxions &c, is agroe*able to the r<al 
sense and meaning of ihoir great Inventor, &c, Repub. of 
Letters, April 173(). 

12* Philalelhes's Consuleraiious upon ditto, in Repub. 
of Letters* July 1736* 

13. Mr. Robins's Remarks on ditto, in lUpub. of Let¬ 
ters, Aug. 1736* 

14. Mr. Robins's Remainder of ditto, in an Appendix to 
the Repub.of Letters, Sept. 1736*. 

15. Philalethes'^Obscrxations upon ditto, in .an App( ruiix 
to the Repub. of Loiters, Nov. 173(J. 

16\ Mr. Robins's Advertisement in Repub. of Letter', 
Decern b. 1736* 

17. Pbilalelhes's Reply to ditto, in an Appendix to the 
Repub. of Letters for Dicem* 1736. 

18. Some Observations on the Appendix to the Repub. 
of Letters lor Decern. 1736, by Dr. PeinU'rton, in the 
Works of the Learned for Feb. 1/37. With some smaller 
pieces in the same. 

In 1736 Bishop Berkeley published “The Querist,a dis¬ 
course add n'sscd to magistnitcs, occasionetl by the enor¬ 
mous licence and irreligion of the times;" and many other 
things afterward of a smaller kind. In 1/44 appeared his 
celebrated and curious hook, “ Siris ; a Chain of Pliiloso- 
phica) Rejections and Inquiries concerning the virtues of 
Tar-water." It received a second impression, with addi¬ 
tions and emendations, in 1747 ; and was followed ty Far¬ 
ther Thoughts on Tar-water, in 1752* In July the same 
year he removed, with his lady and family, to Oxford, 
partly to superintend the education of a son, but chiefly 
to indulge the passion fur learned retirement, whicli had 
always strongly possessed him. He would luwc resigned 
his bishopric lor a canonry or headship at Oxford; but it 
was not permitted him. Here he lived highly respected, 
and collected and printed the same year all his smaller 
pieces in 8vo. But this happiness did not long continue, 
being suddenly cut ofl' by a palsy of the heart, Jun. 14, 
175s, in the 09th year of his age, w hile listening to a ser¬ 
mon that his lady w'ns reading to him. 

The excellence of Berkeley's monil character is fully 
attested by his writings: lie was certainly a very amiable 
us well us a very learned man; and it is thought that Po[)e 
scarcely said too much, when he ascribed 

“ To Berkeley every virtue under heaven." 

BF-RME, in Fortification, a small space of ground, 4 or 
5 feet wide, left without the rampart, iM'twoon it and the 
side of the moat, to receive the earth that rolU down from 
the nimpart, and prevent its falling into and filling up the 
ditcli*—Sometimes^ for greater security, the bermc is pai- 
lisadocd* 

‘BERNARD (Dr* Edward), a learned English astrt^ 
nomer, critic, und linguist, w*as born at Perry St. Paul, 
near Towcestor, the 2d of May ) 038, and educated at Mcr- 
chant-Taylor's school, whence he was removed in 1655 to 
St. John's college, Oxford. 1 laving luid in a good fund of 
classical leorning at school, in the Grix^k and Latin lan¬ 
guages, he applied himself very diligently at the university 
to the study of history, the Eastern languages, and mntho- 
matics under the celebrated Dr* Wuilis. In 1668 be went 
to Leyden, to consult some Oriental manuscripts IcR to tliat 
univenity by Joseph Scaligcr and Leviu Warner, ondespe^ 
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cially llii' 5tti, Olli. and 7tli books of Apollonius Pcrgxus’s 
Conicj. bioiiglit from tlic East by the cclebrati'd C»olius. 
Tlioac he transcribed and brought to Oxfor<l, with a view 
of pulili'liing them, but was obliged to relinquish that de¬ 
sign for want of proper encouragement. This however was 
afterwards carrio<l into eflect by Dr. Halley in 1710, with 
the addition of the Slh book, which ho supplied by Ins own 
iiigentiily and industry. 

On Ills return to O.xford, lie examined and collated the 
infjst valuable manuscripts in the Bodleian library. In 
lOO'j), tlic celebrated Christopher Wren, Savilian professor 
ol astronomy at Oxford, having been appointed surveyor-ge¬ 
neral of his majesty's works, and 1)cmg much detained at 
London by this<'m|iloymcnt,obtained loavetonamcailepoty 
at Oxford. He iiccor<lingly ti.xcd on Mr. Bernard, whicli 
< ngaged the latter in a more particular application to the 
slmly of astronomy. Btit in i()73 he was a[)pointcd to the 
professorship himself, which Wren was obliged to resign, 
as, by the statutes of the founder. Sir Henry Saville, the pro¬ 
fessors arc- not allowed to hold any other oflice either ec¬ 
clesiastical or civil. About this lime a scheme was set on 
foot at Oxford for collecting and publishing the works of 
the ancient mathematicians. .Mr. Bernard, who had first 
formed the project, colh'Cte<l all the oM books published 
on that subject since the invention of prinfing, together 
with all the manuscripts he could get from the Bodleian 
and baviiian libraries, which he arranged in order of time, 
and according to the matter they contained; of these he 
drew up a synopsis; and as u specimen he published a few 
sheets of Euclid, containing the Greek (ext, and a Latin 
version, with Pruclus's commentary in Greek and Latin, 
and learned scholia nnd corollarii's. The synopsis itself 
was published by Dr. Smith, under the title of Vetemm Ma- 
thcmaticorum Gr.x'Corum,Lntinorum,etArabum,Synopsis. 

Mr. Bernard uiuleriuok also an edition of the Parva 
Syntaxis Alexandrina; in which, besides Euclid, arc con¬ 
tained (he small treatises of Theodosius, Menelaus, Ari¬ 
starchus, an<l llipsiclcs; but it never wjispublishcd. 

In I()7f) he wtis sent to France, as tutor to the dukes of 
Grafton and Norlhumbeiland, sons to king Charles the 2<l 
by the duchess of Cleveland, who then lived with their 
mother at Paris: but the simplicity of his manners not 
suiting the gaiety of the duchess’s family, he returned 
about a year after to Oxford, and pursued liis studies with 
his usual ardour and great success. In ]6.9I> being pre* 
seated to the rectory of Brightwcli in Berkshire, he quitted 
his professorship at Oxford, in which he was succeeded by 
David Gregory, professor of mathematics at Edinburgh. 

In (he year Ib'pG, he undertook a voyage to Holland, 
to attend the sale of Golius’s manuscripts, as he had once 
before dune at the sale of Hciiisius’s library; and soon 
after his return to England, he fell into a languisliingcon- 
sumption, wliiclt put an end to his life the 17th of January 
10'9(), in the 58th year of his age. 

Hesiiles his works already mentioned, he was author of 
many other compositions. He composed tables of the 
longitmles, latitudes, right-ascensions, &c, of the fixed 
stars: and wr</te Observations on the Obliquity of the 
Ecliptic; and other pieces inserted in the Philosophical 
Transactions. He wrote also, 

1. A Treatise of the Ancient Weights and Measures. 

2. Clironologia} Samaritnna.* Synopsis, in two tables. 

3. Testimonies of the Ancients concerning the Greek 
Version of the Old Testament by iho Seventy^ 


And several other learned works. Besides a great num¬ 
ber of valuable manuscripts left at bis death. 

BERNARD (Dr.JAtiF.s), professor of philosophy and 
mathematics, and minister of the Walloon church at Ley¬ 
den, wa.s born September the Isl 1658, at Nionsin Dau- 
phine. Having studied at Geneva, he returned to France 
in 1679, and was chosen minister of V enterol, a village in 
Dnupbine; but some time after he was removed to the 
church of \ insobrcs in the same province. To avoid the 
persecutions .against the prolcslaiits in France, he went 
into Holland, where he was appointed one of the pensi- 
onaiy ministers ofGanda. He licre published several po¬ 
litical and historical works. And in 1699 he began the 
Nou.vclles dc la Republique des Letircs, vshich continued 
till December 1710, In 1705 ho was chosen minister of 
the Walloon churcli at Leyden ; and about the same time, 
Mr. d< Voider, professor of philosopliy and mathematics 
at Lcytlen, having resigned, Mr. Bernard was appointed 
his successor; upon winch occasion the university also 
presented him with the degrcc-s of doctor of philosophy 
and master of arts. In 1710 he published a supplement 
to Moreri’s dictionary in 2 volumes folio. The same year 
he resumed his Nouvelles dc la Republique des Lelirea; 
which he continued till his death, which happened the 
•77th of April 1718. in the OOth year of his age. 

BERNOULLI (Jame-v), a celebrated philosopher and 
mathematician, born at Basil the27ih of December l654. 
Having taken his degrees in that university, he applied 
himself to divinity agreeably to the entreaties of his talher, 
but against his own ircliuation. which led him to astro¬ 
nomy and mathematics. He gave very early proofs of his 
genius for tliesr* sciences, and soon became a geometrician, 
without a preceptor, and almost without books; for if 
otic by chance fell into his bauds, he was obliged to con¬ 
ceal it, to avoid the displeasure ofhis father. This situa¬ 
tion induced him to choose for his device, Phaeton dri¬ 
ving the chariot of the sun, with these words, Invito patre 
sidera rtrto, “ I traverse the stars against my father's will 
alluding porticulnrly to astronomy, to which he then 
chielly applied himself. 

In 1676 lie began his travels. When he was at Geneva, 
he fell upon a method to tench a young girl lo write ikho 
had been blind from licr infancy. At Uourdcaux he com¬ 
posed universal gnomonic tables; but they were never pub¬ 
lished. He returned from France to his own country in 
168O. About this time there appeared a comet, the re¬ 
turn of which he foretold ; he wrote also a small krcatisc 
upon it. Soon after this he went into Holland, where he 
applied himself to the study oftHe new philosophy.. Hav¬ 
ing visited Flanders and Brabant, he passed over to Eng¬ 
land ; where he formed an acquaintance with the most 
eminent men in science, nnd attended their philosophical 
meetings. He returned to his native country again in 
1682; and exhibited at Basil a course of c.xpciiments in 
natural philosophy and mechanics, which consisted pf a 
variety of new discoveries. The same year he published bis 
Essay on u new System of Comets; and the year follow¬ 
ing, his Dissartniion on the Weight of the Air. About this 
time Lcibnita having published, in the Acta Erudilorum 
at Leipsic, some essays on his new Calculus Dificrentiali*i 
but concealing the art and method of it, Bernoulli and his 
brother John soon disoovered, from what they saw, Rs 
beauty and extent: this induced them to endeavour to un¬ 
ravel the secret; which they did with such success, that 
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LcibniU decUrcd that the invention belonged to them 03 
much as to himself. ^ 

In l687 James Bernoulli succeeded to the professorship 
of mathematics at Basil; a trust which he discharged with 
great applause; and his reputation drew many foreigners 
from all parts to attend his lectures. In l(>9i) he was ad« 
mitted a foreign member of the Academy of Sciences of 
Paris; and in 1701 the same honour was also conferred 
on him by the Academy of Berlin: in both of which he 
published several ingenious compositions, about tbc years 
1702,-3, and*4. He wrote likewise several pieces in the 
Acta Eruditorum of I^cipsic, and in the Journal des Spa- 
vans. His intense application to study brought on him 
the gout, and by degrees u slow fever, which terminated 
bis life the l6th of August 170j| in the 61st year of his 
age—Archimedes having found out the proportion of a 
sphere and its circumscribing cylinder, ordered them to be 
engraven on his monument: in imitation thereof Bernoulli 
appointed that a logarithmic spiral curve should be in¬ 
scribed on his tomb, with these words, Eadem mutata rc- 
surgo; in allusion to the hopes of the resurrection, which 
are in some measure represented by the properties of that 
curve, which he had the honour to discover. 

James Bernoulli had an excellent genius for invention 
and elegant simplicity* as well as a close application. He 
was eminently skilled in all the branches of the mathema¬ 
tics, and contributed much to the promotion of the new 
analysis, infinite series, &c. He carried to a great extent 
the theory of ilic quadrature of the parabola; the geo¬ 
metry of curve lines, of spirals* of cycloids, and epicycloids. 

His works, that had been published, were collected, and 
printed in 2 volumes 4to, at Geneva in 1744. .At the time 
of his death he was occupied on a great work entitled 
Dc Arte Conjectandi, which was published iii4to in 1713. 
It contains ail elegant and most excellent introduction to 
Infinite Series, &c. This posthumous piece is omitted in 
the col It'd ion of his works above mentioned; 

BERNOULLI (Johk), the brother of James, last men¬ 
tioned,'and a celebrated mathematician, was born at Basil 
ibe7th of August l657> His father intended him for 
trade; but his own inclination was at first for the belles- 
lettres, which however, like bis brother, be forsook for 
that of mathematics. He laboured with his brother to 
discover the method used by Leibnitz in bis essays on ibe 
Dificrential Calculus, and gave tbc first principles of the 
Integral Calc ulus. Our author, with Messieurs Huygens 
and Iwcibnitz, was the first who gave the solution of the 
problem proposed by James Bernoulli, concerning the ca¬ 
tenary, or curve formed by a chain suspended by its two 
extremities. 

John Bernoulli bad the degree of doctor of physic at 
Basil, and two years afterward was named professor of ma- 
tncnatics in ibo university of Groningen. It was here that 
he discovered the mercurial phosphorus or luminous baro¬ 
meter, occasioned by friction of mercury against glass in 
^ vacuum; and where he also resolved the problem pro¬ 
posed by his brother concerning Isopcrimetncals. 

On the death of James, the professor at Basil, our au¬ 
thor returned to bis native country, against tbc pressing in- 
vitatio.os of the magistrates of Utrecht to come to that city, 
and of the university of Groningen, who also wished to r^ 
Uin him. The Academic Senate of Basil soon appointed 
him to succeed bis brother, witboot assembling competi¬ 
tors, and contrary to the eatabliihed practice: an appoint- 
lAcnt which he held during Ina whole lifcT 

VoL. L 


In 1714 was published his treatue on the management 
of ships; and in 1730, his memoir on the clIiptiCHl figure 
of the planets winch gained the prize of the Academy ot 
Sciences at Paris. The same academy also divided ihe 
prize,.for their qu^.'stion concerning the inclfnation of the 
planetary orbib, between our author and his sun Daniel. 

John Bernoulli was a member of most of the academies 
of Europe, and received as a foreign associate of that ot 
Paris in 1699. After a long life spent in constunt study 
and the improvement of all the branches of the inathema- 
tics, he died full of honours the Ist of January J748, in 
the 81st year of his age. Of five sons which he had, three 
pursued the same study with himself. One died before 
him ; the two others, Nicholas and Daniel, he lived to sec 
become eminent and respected in mathematical science. 

The writings of this great roan were dispersed through 
the periodical memoirs of several academies, as well as in 
many separate treatises. And the whole of them werecart- 
fully collected and published at Lausanne and Geneva, 
1742, in 4 volunies. 4to. 

BERNOULLI (John), son of the procedirtg, was born 
at Basil, Jan. 17, 1690, and died at Petersburgh, July 26, 
1726. Ho was licentiate of law, professor of law atBcnic ; 
and afterwards professor of mathematics at Petersburg, 
and member of the Institute of Bologna. 

BERNOULLI (Nicholas), nephew of the two firdt 
named, was professor of mathematics at Padua, after¬ 
wards of logic, and then of law at Basil. was member 
of the Academy of Sciences and Belles-Letters at Berlin, 
and also of ihc Royal Society of I/^ndon, and of the Insti¬ 
tute of Bologna ; was born at Basil, Oct. 10, 1687, where 
he also died the 29th of Nov. in the year 17^9* 

BERNOULLI (Daniel), a celebrated physician and 
philosopher, son of John, and nephew of James, was 
born at Groningen Feb. the 9th, 1700, where his fa¬ 
ther was then professor of mathematics. He was^ first de¬ 
signed for trade, but his genius led him to other pursuits. 
He passed some time in Italy ; and at 24 years of age be 
declined the honour olfered him of becoming president of 
an academy intended to have been established at Genoa. 
He spent>evcral years with great credit at Petersbuig[; 
and in 1733 returned to Basil, where his father was then 
professor of mathematics; and here our author successively 
filled the chair ofphysic,of natural and of speculative phi¬ 
losophy* 

In his work Exercitationes Mathematical 1724, he took 
the only title he then had, viz, Son of John Bernoulli,** 
and never Would sufi'er any other to be added to it. This 
work was published in Italy, while be was there on his 
travels; and it classed him in the rank of inventors. His 
work entitled Hydrodynamica, was published in 4to ;u 
Argentoratum or Strasbourg, in 1738. 

Daniel Bernoulli wrote a multitude of other pieces, 
which have all been published cither lA the Mem. of 
Acad, of Sciences at Paris, or in those of other Academies. 
He gained and divided ten prizes from the Academy-of 
Sciences at Paris, which were contended for by tbc most 
illustrious inalhematicians in Europe. The only person 
who has bad similar success is Euler, bis countryman, dis¬ 
ciple, rival, and friend. His first prize be gained at 24 
years of age. In 1734 be divided that with bis father 
apecting the inclination of the orbits of the planets; which 
hurt tbc family union; for the father considered tbc con¬ 
test itself as a want erf respect; and the son did not suf¬ 
ficiently conceal that he thought (what was really the case) 
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liis own picci' bette r than his father's. AnH besides, be dc> 
dared for Newton, aga)nst whom bis father lind contend- 
c(i all his life. In 17U) our anthor divided thcpri2C,“On 
the 'lilies ol ihe bea,” with Euler and Maclaurin. The 
Academy at the same lime rewarded n fourth piece, the 
chief iiK lit of winch was that of being Cartesian; but this 
was (he last public net of adoration paid by the Academy 
to the aulliorily of the author of tlie Vortices, wiiich it 
bad already obeyed too long. In 174S Daniel Bernoulli 
succeeded his fatlnr John in the Academy of Sciences, who 
bad succeedeil his brother Janies ; this place, since its lirst 
erection in J b'9il, basing never been without a Bernoulli to 
fill it 


Our author was extremely respected at Basil; and to 
bow to Daniel Bernoulli, svheii they met him in the streets, 
was one ol the first lessons which every father gave to his 
child. He was u man of great simplicity and modesty of 
manners. He useil to tell two little adventures, which he 
said bud given him more ph'asurc than all the other ho¬ 
nours he had received. Travelling with a leariietl stran¬ 
ger, who, being pleased with his conversation, asked his 
name; “ 1 am Daniel Bernoulli," answcrccl lie with great 
modesty; “and l,"sai«l the stninger(who thought heiin ant 
to laugh at him) “ am Isaac Newton." Another lime, 
hating to dine with him the celebrated Koenig, the maihe- 
liiatician, who boasted, with some degree of self-cuiiiplu- 
cciicy, of a difficult prohlem he had ri’sulvcd with much 
trouble, Bernoulji went on doing the honours of his table, 
and when they went to drink tollee lie presented Koemg 
with a solution of tlie problem mure elegant llian liis uw ii. 
After a long, u.scful, and honourable life, Daniel Ber¬ 
noulli died the 17tb of March, 1782, in the S3d year of 
his age. 


BERNOULLI (Jamf.s), another mathematical branch 
of the foregoing celebrated family. He was born at Basil 
in October 1759; being the son of John Bernoulli, and 
grandson of the first John Bernoulli, before mentioned, and 
the nephew of Daniel Bernoulli last noticed. Our author's 
elder brother John, who still lives at Berlin, is nUo well 
known in the republic of science, particularly for bis as¬ 
tronomical labours. 

The gentleman low hoin this article relates, was educated, 
as roost of bis relations had been, for the profession of the 
law: but his genius led him very early into the study of 
mathematics; and at 20 years of age he read public lec¬ 
tures on experimental philosophy in the univeisity of Basil, 
for bis uncle Daniel Bernoulli, whom he hoped to have 
succeeded us professor. Being disappointed in this view, 
he resolved to leave his native place, and to seek his for¬ 
tune elsewhere; hence he accepted the office of secretary 
to Count Breuner, the emperor’s envoy to the republic of 
Venice; and in this city he remained'till the year 178(>, 
when, on the recommendation of his countryman, M.Fuss, 
he was invited to Petersburg to succeed M. Lexell in the 
academy there, where ho continued till his death, which 
happened the 3d of July 1789, at not quite 30 years of 
age, and when he hud been married only two months, to 
the youngest daughter of John Albert Euler, the son of the 
celebrated I^tonard Euler. 

BETELGEUSE, a fixed star of the first magnitude in 
the right shoulder of Orion. 

BEVIS (John, m. d.), an able astronomer, was bom 
October 31, 1695. near Old Sarum in Wiltshire. He was 
entered at Christ-Churcb College, Oxford, whore ho ap¬ 
plied himself diligently, not only to the study of physic, 


for which be was designed, but to other sciences, particu- 
larly astronomy and optics^ in which be became a const* 
dcrabic proficient. After taking the degree of he 

left the univcrsityi and devoted himself almost cniircly to 
pursuits connected with astronomy. In 1738 he made an 
excellent collection of astronomical instruments for a ntw 
observatory^ which he bad erected at Newington Green, in 
Middlesex. Here he became an indefatigable obs<»rver, 
often observing the transit of l6o stars in one night.-— 
About 1745 the doctor undertook the laborious task of 
arranging a t^ork called Uranogrnphia Briumnica, or an 
K.xact View of tbe Heavens, 52 |)latcs» similar to Bay* 
cr's work representing the constellations, &c. The plates, 
which would have done great honour as well to the nation 
as Dr. Bevis, were engraven but never published, the doc* 
tor having consigned the management of them to a person 
who btxamc a bankrupt. Dr. Bevis was the real author 
of a great many works which have been well received by 
the public, but which his modesty prevented him from 
taking the merit of. Jt is to him wc are indebted for the 
publication of Dr. Halley’s .Astronomical Tables, after 
they had been printed more than 20 years: having supplied 
some auxiliary tables, and the precepts for using them, he 
favoured the public with the whole in the year 1749. In 
Mr. i^iinpson’s Essays, p. 10, arc delivered practical rules 
for finding the aberration, which were drawn up and given 
him by Dr. Bevis, with examples of the correction applied 
to sovcrnl stars, which he had carefully observed with pro- 
]K'r instruments; by which he proved, first of any one, 
that the phenomena are as conformable in right ascension, 
as Dr. Bradley, who made this great discovery, found they 
were in declination. Several pieces by the doctor were 
inserted in the few numbers that were published of a work 
called the Mathematical Magazine, by Messrs. Whiichcll 
and Moss; particularly a curious paper on the satellites 
of Venus, and several sheets of a new mathematical dic¬ 
tionary. Dr. Bevis enriched the Philosophical Transactions 
with 27 valuable papers, from vol.40 l(f vul. 59 inclusive* 
The only pieces which appeared separately wjth his name, 
besides these papers in tbc Transactions, were two (ram^ 
phlets, the one entitled The Satellites Sliding Rule, for dc» 
termining the immersions and emersions of Jupiter's four 
satellites. The other was An Experimental Enquiry con¬ 
cerning the Contents, Qualities, and Medicinal Virtues, of 
the Two Mineral Waters lately discovered at Bagniggc* 
Wells, near London, 176u. He was the first who appro¬ 
priated the term achromatic to the curious telescopes in¬ 
vented by Mr. Dollond. On the death of Mr. Bliss in. 
1765, Dr. Bevis was a candidate with Dr. Maskel^ne for 
the honourable and important situation of Astronomer 
Royal. Soon after which, he removed from Newington to 
the Temple, London, where he followed his occupation as 
a physician, and continued to make astronomical obscr- 
votions. Here he died, Nov. 1771* Eit 76 years of age; 
his death having been occasioned by a fall he received a 
short time before, in going loo hastily from his instrument 
to the clock when observing the sun’s meridian altitude* 
BEZOUT (Stefuzn), a celebrated Trench matfaema- 
ticjan, Member of the A^adftnics of Scienc(*s and tbc Ma¬ 
rine, and Examiner of the Guards of the Marine and of 
the EUves of Artillery, was bom at Nemours the 31st of 
March, 1730. In the course of his studies he met with 
some books of geometry, which gave him a taste for that 
science; and thp Eloges of Fontenelle, which showed him 
the honours that attended talents and the love of the sci* 
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tncc$. His father in vain opposed the strong attachment 
of young Bc2out to the matbematical sciences. April 8, 
1758, he was named adjoint-mechanician in the French 
Academy of Sciences; having before that sent them two 
ingenious memoirs on the integral calculus, and given other 
proofs of his prodciency in the sciences* In 176'S he was 
named to the new office of Examiner to the Marine, and 
appointed to compose a Course of Mathematics for their 
Use ; and in 17^8, on the death of M.Camus, he succeeded 
as Examiner of the Artillery Et^vc^. 

Ik^out fixed his attention tnore particularly to the reso¬ 
lution of algebraic equations; and be first found out the 
solution of a particular class of equations of all degrees. 
Tliis method, difierent from all former ont^, was general 
for the cubic and biquadratic eqiiationb, and just became 
particular at those of the fifth degree. At this woik of 
finding the roots of equations, our author laboured from 
1762 till 1779, when he published it. He composed 
two courses of mathematics; the one for the Marine, the 
other for the Artillery. The foundation of tbwe two works 
was the same; the applications only being different, ac¬ 
cording to the two different objects: thew courses have 
every where been held’in great estimation. In his office 
of Examiner, he discharged the duties with great atten¬ 
tion, care, and tenderness. A trait of bis justice and zeal 
IS remarkable in the following instance: During an exami¬ 
nation which he held at Toulon, he was Cold that two of 
the pupils could not be present, bring confined by the 
small-pox: he himself bad never had tost disease, and he 
was greatly afraid of it; but as he knew chat if he did not 
see these two young men, it would much impede their ad¬ 
vancement, he ventured therefore to their bed-sides, to ex¬ 
amine thorn, and was happy to find them so deserving the 
hazard he bad made for their benefit. 

M. B<*zout lived thus several years, beloved of bis fa¬ 
mily and Iricnds, and respectetl by alt, enjoying the fruits 
and the credit of his labours. But the trouble and fatigues 
of his offices, with some personal chagrins, bad reduced 
his strength and constitution; be was attacked by a malig¬ 
nant fever, of which be died Sepl. 37, 1783, in the 54th 
year of his age, regretted by his family, bis friends, the 
young students, and by all his arquainisncc in general. 

The books published by him were: 

1. Course of Mathematics for the use of the Marine, 
with a*rreatise on Navigation; 6 voU,in 8?o. Paris,1764. 

2* Course of Mathematics for Cbc Corps of Artillery; 4 
vols, in 6vo, 1770. 

3. General Theory of Algebraic Equations, 1779. 

His papers printed in the volumes of the Memoirs of the 
Acj^eniy of Sciences, are: 

1. On curves whose rectification depends on a given 
quantity, in the vol. for 1758. 

• 2. On several classes of equations that admit of an al¬ 
gebraic solution, 1762. 

3. Rrst vol. of a course of mathematics, 17fi4. 

4. On certain equations, &c. 1764. 

5. General resolution of all equations, 1765. 

6. Second vol. of a course of mathematics, 1765. 

7. Third vol- of the same, 1766. 

8. Fourth vol. of the same, 1767. 

9- Integration of differentials, &c. vol. 3, Sav. Etr. 

10. Experimcnu'on cold, 1777. 

BIANuHINI (Fbakcis), a very learned Italian philo* 
sopber and matbematicUn of the i7th century, was bom 


at Verona the 13th of December, l662. He was highly 
esteemed by the learned, and was a member of scvcrnl 
academies; and was even the founder of that at Verona, 
called the Academy of Altlofili, or Lovers of Truth. He 
went to Rome in 1684; and was made librarian to Cardi¬ 
nal Ottoboni, who was afterwards Pope by the name of 
Alexander the 8(h. He entered into the church, and bo 
Came canon of St. Mary dc la Kutondo, and afterward 
of St. Lawrence in Dama>o. 

Bianchini was author of several learned and ingenious 
dissertations. In 1697 he published L;i I^foria universale 
provatacoji monumcnli, ct figurala con siinb<di degli an¬ 
tichi. In 1701 Pope Clement the llih named him setic- 
tary of the conferences for the reformation of the calendar; 
in which situation lie published in 1705, De Calendario tt 
Cyclo C^saris, ac dc Canone Poschali sancti Hypoliti, 
Martyris, Dissertutioiu^s duae. Bianchini was employed 
likew ise to construct the large gnomon in the church of the 
Chailreux at Rome, on which he published an ample 
dissertation entitled, Dc Nummo el Gnomone Clenienlino. 
The research concerning the parallax and the spots of \'c- 
nus occupied him a long time; but his most remarkable 
discovery* is that of the parallelism of the axis of Venus in 
her orbit. He was employed 8 years in preparing racaiib 
for tracing a meridian line through the whole extent of 
Italy, but he never commenced this undertaking. He 
was admitted a foreign Associate in the Paris Academy of 
Sciences, in 1706*; and had many astronomical disserta¬ 
tions inserted in their Memoirs, particularly in those of the 
ycarsl702,1703,1/04,1706,1707,1708,1713, and 1718. 
—Bianchini died the 2d of March, 1729, in the 67th year 
of his age. • 

BILLION, in Numeration, the same as a million mil¬ 
lions; as much as to say bismillion or bimillion, or by fur¬ 
ther contraction, billion. 

BILLY (>AMEs De), of Compeigne, a Jesuit, died in 
1679 ^ Dijon, aged 77- He was a respectable mathema¬ 
tician, and published some good works in that science; as, 

' 1. Nova Gcomclriffi Clavis Algebra. Paris, lti43,in 4to. 

2. Tabuls Lodoicca^ dc Doctrina Eclipscon. Divio^p?, . 
1656, in 4tu. 

. 3. De Propoitionc Harmonica Tractatus. Paris, l658» 
in 4to. 

4. Diophantis Gcometria, ox Gneco versa, in qua |)cr ra* 
tioncs Euclidianas officiuntur Problemata, qus ille Ratio- 
nibus Algcbraicis cnodavit. Paris, I66O, in 4to. 

5. Opus Astronoroicum. In which he explained the hy¬ 
potheses and motions of the stars, and every thing relating 
to the theory and practice of astronomy. Dijon, 1661, in 
4to. 

6. Crisis Astronomica, dc Motu Comclarum. In which 
he refuted the rectilinear hypothesis, and discovered a new 
system of cornels. Dijon, 1666, in 8vo. 

7. Diophantes Redivivus. Lyons, 167O, inSvo. 

6. Doctrina* Analyticse inventum novum. Contained in 
the Commentaries on Diophantus, composed by M* Fer¬ 
mat Toulouse, 1671, in folio. 

BIMEDIAL Line, is the sum of two mcdials. Euclid 
reckons two of these bimedials, in pr. 38 and 39, lib. x; the 
first is when the rectangle is rational, which is contained by 
the two medial lines whose sum makes the bimedial; and 
the second when that rectangle is a medial, or contained 
under two lines that are cominbnsuniblc only in power. 

» BINARY NumbtTf that which is composed of two units. 
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Binary Anihmdc^ that in uhich two figures or cha*' 
laccfi^, v>/. 1 and 0, only arc used; the cipher multiplying 
< M-ry thing by t«o, us in the common arithmetic by 10: 
tliijs, I is o/ie, 10 is 2, 1 I is 3, 100 is 4, 101 i$ 5, 110 is(s 
M ! is 7* 1000 is 8» 1001 is 0, 1010 is ten; being founded 
<ni the vaine principles as common arithmetic. Tl>is kind of 
anUimeiic vv<is invented l>y lAdhnilz, who pretended that it is 
belter adapted than the common arithmetic, for discovering 
certain properties of jiurnliers. and for constructing tabli*s; 
hut In* does not venture to recommend it for ordinary use, 
on account of tlie great luimbcr of places of figures re<jui* 
site to expre:>s all numlK'rs, even very small ones. Jos. IV 
lican, of Prague, lias more largely oxplaim^d the principUs 
and practice of the binary ariihmctic, in a book entitled 
Arithmeticus P<Tfeciiis, c|ui Iria numerarc noscit: 1712. 
And De Lngni proposed a neiv system of logarithms, on the 
plan of the binary arithmetic; which he finds shorter, and 
more easy and nattirnl than the common ones. 

BINOCLK, or Binocular I'ellscopc, is one by 
which anolyccl is viewed vvilli both eyes at ihe same time. 
It consists of two lubes, each furnished with glassc*s of the 
same power, by which means it has been said to show ob<^ 
jeets larger and mure clearly than a monocular or single 
telescope; though this is probably only an illtision, occa* 
sitmed by the stronger impression vvhicli two equal images, 
alike illuminated, make upon llic eyes: they are however 
more embarrassing than UM^ful. This tck^scope lias btvn 
chiefly treated of by the fathen Ueita and Clierubin of 
Orleans.—^There are also micmscopc^s of the same kind, 
though but little used, being subject to the same inconvt*- 
nicnccs as the telescopes. 

BINOMIAL, a quantity consisting of two terms or mem¬ 
bers connected by llie sign or — , vi2, plus or minus; 
as a 4- or 3a — 2c, or a* ^ i, or — 2^c, &c; de¬ 
noting the sum or the difteronce of the two terms. Wlicn 
cither term is negative^ the binomial is soinetimi^ called 
a residual, and by Euclid an apotomc. The term bino¬ 
mial was first introduced by Lucas de Burgo, Sec his Arith. 
carta 120, edit, 149+* 

Binomial Lmc, or Surd^ is that in which at least one 
of the parts is u surd. Euclid enumcrau^s six kinds of bi¬ 
nomial lines or surds, in the 10th book of his Elements, 
which arc exactly similar to the 6 residuals or apotomes 
there treated of also, and of whicli an account is given un¬ 
der the art. Apoto mb, which sec. Tliosc apotomes be¬ 
come binomials by only changing the sign of llie latter 
term from minus to plus, which therefore arc as below. 

Euclid^i 6 Binomial Liws. 

1st binomial 3 -4- ^5, 

2d binomial 18 -f- 4, 

3d binomial 5/24 ^^18^ 

4th binomial 4 h- ^3, 

5th binomial ^6 -1- 2, 

6th binomial ^6 h- 4/2. 

To extract the Square Boot of a Binomial, as of a ^5, 
or Various rules have been given for this 

purpose. The first is that of Lucas de Durgo, in his 
Summa de Aritb. &c, which is this: When one part, as a, 
is rational, divide it into two pafis such, that their product 
may be equal to^ of the number under the radical b; then 
shall the sum of the roots of those parts be the root of the 
binomial soQght: or their difference is the root when the 
quantity is residual; that is, ife -i- e = a, and c e as 45; 
then is -v/c ^ s ^b) the root sought For 


example, let the binomial be 23 -«* v^448; then the parb 
of 23 arc 16 and 7t and their product is M2, which is ^th 
of 448; therefore the sum of their roots 4 y^7 is the 

root sougl\t of 23 v^44B. 

Lucas dc Burgo gives also another rule for the same ex¬ 
tractions, which IS this: The given binomial being, for ex¬ 
ample, -f- i/b, its root will he i^{c—6)] 

[4 “ 4 “ ^) ]•—In ^he foregoing exam¬ 
ple. 23 v/448, here sz 23, and := \/448; hence 

Vc = 111, and K/(C ^ 5) =: V(23^ - 448) 3 
lv'81 -4|; 

thercfV[4v^c H- ^ <>)] = a/(>‘ 44|) =l6 =4, 
and v/ IWc - 4^/(f - = v'd 14 - 40 = v^7 ; 

conseq. 4 -► ^/7 is the root sought, as before. 

Again, if the binomial be y' 18 -t- 4^/10; here c s 18, and 
A =s 10; therof. = ^ -I v'2, and — 6) = 

4v/8 = v^2 ; hence, 

^[Vc H- i^{c-b)]=^(W2 + -/2) = = 

and 

consequently,;/^ or is the root of v'lS -t- 

V'lO sought. This latter rule has been used by all au> 
thors, down to the present time. 

To erlrnci the Cubic nnd other higher Roots qf a Rinomial, 
This is useful in resolving cubic and higher equations, and 
was introduced with the resolution of those e(|uation$ by 
Turtaica and CnrJan. The rules for such extractions arc 
in great measure tentative; some of the principal ones of 
which are the following. 


Tartnlea's Rule for the Cube Root of a Binomial p-t-q. 
This rule is given in his 9th book of Miscellaneous Ques¬ 
tions, quest. 40; being made out from cither of the terms, 
p or q, of the binomial, taken singly, in this manner: Se¬ 
parate either term, asp, into two such parts that one of 
them maybe a cubic number, and the other part divisible 
by 3 without a remainder; then the. cube root of the said 
cubic part will be one term of the root, and the other term 
will be the square root of the quotient arising from divi¬ 
ding the aforesaid third part by the first term just found. 

Thus if p be divided into r* -*■ 3i, thcntlie root is r -t- 


For example, to extract the cube root of ^''*08 10. 

Suppose the part 10 to be taken: this separates into tbe 
parts I and 9, the former of which is a cube, and the latter 
divisible by 3; that isr^s 1, and 3* = 9» hencer=il,and 

s s'3; consequently r -»■ = l is the cube root 

of v/108 + 10 sought. Again, to use the other term 
V'lOS; this divides into ^27 ^27> of which the for¬ 

mer is a cube, and the latter divisible by 3; that is; = 
^/27, and 3i = v'27; therefore r = v^3, and t =|,/27 

= v'S ®lso: hence r-f- 1 /~ =: ^3 •*- “ a/3 + 1 

the cube root, the same as before. 

BofibelU*s Rule for the Cube Root qf ike Binomial a 
— 6. Plrst find (/(o’-t- b ); then, by trials, search out 
a number c, and a square root ^/d, such that the sum of 
their squares o’-t* d may be =s ^(o n- i), and also c* — 
3cd'= a; then shall c ^ ^ •^d he tbe cube root of o 
^ — b sought For example, to find the cube root of 8 
121; hcro^(o* -*■ b) =^125 =5; then takinge= 
2, and dss I, it is c* d = 5 =(/(o’-t- b) and c* ~ 3cd 
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s8*-C=:2=o, as it ought; therefore 2 + — 1 is 

the cube root of 2 -*• v'~ 121.—Bombelli gave also a rule 
for the cube root of the biooinial a \/b, but it is good 
for nothing. 

Albert Girarrta Rule for the Cube Root of a Binomial. 
This is "iven in his Invention Nouvellecn rAlgibre,and is 
explained by him thus: Let 72 v'5120 be the given 

biuoraial whose cube root is sought. 

The square of 72 the greater term is 5184 
and of the less term is 5120 
their difference 64 

its cube root 4, 

H'hicl) 4 must be the di/Tcrcncc between the squares of fhc 
two terms of the root sought; and as the rational part 72 
of the given binomial is the greater term, therefore the ra- 


2 

3 

4 

5 


h v/0 

r v^I2 
I - ^^20 
ice. 


tional part of the required root will be the 
greater part also; consequently the root 
sought must he one of the binominals here set* 
in the margin, where the difference of the 
s(|uares of the terms is always 4, as required; 
and to firul out the true one, proceed thus: 

The first, 2 \/0 must be rejected, because one term of it 

is 0 or nothing; also becatisc 5 exce<-ds the cube root of 
72, or v'20 exceeds the cube root of v''5l20, therefore 5 
-f- v^2U, and all after it must be rejected likewise; so that 
the root must be cither 3 -fS or 4 -*■ ^ \'2, if the given 
quantify has a binomial root: to know which of these is to 
be taken, it must be considered that the rational term of 
the root must measure the rational term given; and also 
the irrational term of the root must measure the irnttional 
term given; then, on examination it is found that both 3 
.ind 4 mc'asure or divide the 72 without a remainder, but 
that only the and nut ^ 12, measures y^5I20 ; con¬ 
sequently none but 3 •/b can be the cube root of the 

given quantity 72 v''5120; which is found to answer, by 

culfing the said root 3 v'^5. 

* Dr. Wallift Rule for the Cube Root of the Binomial a ± 
m^b or a d: ~ the greatest rational 

part m is extracted out of the radical part, leaving only b 
the least radical part possible under the radical sign. He 
first oh;,crvcs that if llie given quantity have a binomial 
root, it must be of this form c ± n^b, with the same radi¬ 
cal b. Then to find the value of c and n, h e raises thi s root 
to thedd povycr, which gives-*• 3cn'b i Se’n -t- n*b * y/b, 
which must bc=«±«V'6 the given quantity; hence 
putting the rational part of the one quantity equal to that of 
the other, and also the radical part of the one equal to that 
of the other,givesc* -*• 3cn*6=so, and 3<:*n H-n’fissm. Then 
assuming several values of n, from the lost equation he finds 
the value of c; hence if these values ofc and n, substituted 
in the first equation, make it obtain, they are right; bul if 
not, another value of n is assumed, and so on, till the first 
equation hold true. And it is to be noted that n is always 
an integer, or else the half of an integer. For example, if 
the cube root of 135 i ,y/1825 be required, oi 135 ± 78 
y/3i here a s 135, m s= 78, and 5=3; hence 3c*n 
n^bJs m is 3c^ 3a’ = 78, or c*n -♦• n* ss 26; then as- 

euiniiig n s= 1, this last equation becomes c’ -f- 1 = 26, 
from which c is found = 5; which values of c and n being 
substituted in the lint equation e* 3crfb s=a, moke 5’ 
3.5.3= 170, but ought to be 135, showing that e is too 
great, and cunsequently n taken too little. Let n therefore 
be assumed = 2, so shall 2^ -f- 8 = 26, and c = 3; and 
Ihu first equatioubeetles3’4* 3.3.2*. 3 = 27,5 = 135 


= o as it ought, which shows that the true value of n iv 2’ 
and that of c is 3 ; hence then the rube root of 135 ± 78 
a/3 or c ± rty/b is 3 ± 2v/3or 3 ± y' !-• 
manner is the process instituted when the iiumbi r in the r.i- 
dical is negative, as tlie cube root of 81 ± 30v^ — 3, which 


IS 


t±W-3. 


Anoliier rule far extractir>g the cube root <jf an imaginary 
binomial was also by D^mol^^e, at the (nd of Saun- 

derson's Algebra, by means of the irisection of an arc or 
angle. 

Sir /. Nrxtons RuUfor arty Root of a Tiinomial b. 
Ill his Universal Aritli. is eiven a rule for the square root 
of a binomial, wliich is the same as the 2d by Lucub de 
Burgo, before given; and also a general rule for any root 
of a linomiai, which 1 have not met with elsewhere; it is 
this : Of the given quantity <i ± let a be the greaUT term, 
and cthc index of the root to be extracted. Seek the least 
number n \vho>e power n* can be divided by aa — bb with¬ 
out a remainder, an<l let the quotient be g ; Compute 
^ in the nearest integer number, which call r; di¬ 

vide n jfg by its greatest rational divisor, calling the quo- 

u 

tient 5; and let the nearest integer number above — ' be 


(: so shall 


t i ±, ^ ^ n) 


be the root sought, if tlie ex* 


traction of it be possible. And this rule is demonstrated 
by Gravesande in his commcntaiy onNewton^s ArithmetiCv 
Many numeral examples, illustrating this rule, are givea* 
in Gravesaixle's Algebra, ubovementiouell, pa. i60, asalsol 
ia Newton's Umvers. Arilh. pa. 53, 2d edit, and in Mac* 
laiiriii'^ Algebra, pa. IJS. Other rules may be found in 
Schooten’s Commentary oil the Geometry of Descartes, and 
elsewhere. 

Impouibk or Binomial, is a binomial which 

has one of its terms an impossible or an imaginary quantity: 
as a -I- ^ 

In the foregoing article are given several rules for the 
roots of Binomials. Dr. Maskclyne, the late Astronomer 
Royal, has also given a method of finding any power of an 
Impossible Binomial, by another like Binomial. This rule 
is given in his Introduction predxed to Taylor's Tables Bf 
Logarithms, pa. 56; and is as follows. 

The logarithms of a and 6 being given, it is required 
to find the power of the Impossible Biiioinial o ^ if — b^ 


whose index is that is, to find (a ± a/— by an¬ 
other Impossible Binomial; and thcnccthc value of (a -h 

4^)* (a — 6*)*, which is always possible, who* 

tber a or 6 be the greater of the two. 


Solution. Put - = tang.«. Thou 


(o ± 6^)* = (o* X (cos. - 8 ± sio. 


Hcncc {a -h -h (a — 6^^ =(«*-♦- i*)*® * 

2 cos* - 2s (a X see. t)^ x 2 cosiD. -z = (i x coscc. t)^ 

n A 

X 2 cosin.where the first or second of these two last 

II 

expressions is to bo used, according as z is an extreme or 

mean arc; or rather, because ^ is not only the tangent Qf 

t, but alsoof z 4-36 oo,z 4-7200,&c; therefore the factor 
in the answer will have several vdues, viZ| 
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2 cos. - r; 2 cos.— (s -t- 36cfi) i 2 cos. — (» 720°); &e; 

n n n 

(he numbrr of which, if m and n be whole numbers, and 
the fraction^ be in its least terms, will be equal to the de* 

nominator n; otherwise infinite. 

Bj/ Logarithms, Put log. b ^ 10 ^ log. a =; log. tan. z, 

m (■ 

Tljcn log. l(a -K —fe*)* -h (rt — y'— 

10 — 1. cos. 2) •+• 1. 2 1. cos. ^ 2 — 10 ^ - X (\. b -h 

n n 

10 — I.sin. z) -h 1.2 1.cos.- z — 10; where the first or 

n 

second expri-ssiinn is (o be used, according as z is an cx> 
Irome or mean arc. Moreover by taking successively, I. 

cos. " z; I. cos.^ (r -h 360°); 1. cos. ^ (* -*■ 720°); &c, 

there will arise several distinct answers to the question, 
agreeably to the remark made above. 

Btxo.MiA L Curve, is a curve whose ordinate is expressed 
by a binomia l quantity; as the curve whose ordinate is 
*• X b -h dzO*. Stirling, Method. Diff. pa. 58. 

Binomial Theorem, is used to denote the celebrated 
tlieorcm given by Sir 1. Newton for raising a binomial to 
any power, or for extracting any root of it by an approxi* 
mating intinitc scries. It was known by Stifelius, and 
others, about tiic beginning of the l6th century, how to 
raise the integral powers, not barely by a continued mul¬ 
tiplication of the binomial given, but also by a table of 
numbers formed by Stifelius, which showed by inspection 
the coefficients of the terms of any power of the biiiomitn. 
Contained within the limits of the table; but still they could 
not independent of a table, and of any of the lower powers, 
raise any power of a binomial at once, by determining its 
terms one from another only, viz, the 2d term from the 1st, 
the 3d from the 2d, and so on as fur as we please, by a ge¬ 
neral rule; and much Ics-s could they extract general al¬ 
gebraic roots in infinite series by any rule whatever. 

For though the'nature and construction of that table, 
which b composed of figurate numben, was so early known, 
apd employed in raising powers, and extracting roots; yet 
it was only by raising the numbers one from another by 
continual additions, and then taking them from the table 
when wanted; till Mr. Briggs first pointed out the way of 
raising any line in the table by itself, without any of the 
preceding lines; and thus teaching to raise the terms of 
any power of a binomial, independent of any of the other 
powers; and so gave the substance of the binomial theo¬ 
rem in words, wanting only the algebraic notation in sym¬ 
bols 5 as is shown at large at pa. 78 of the historical intr<^ 
duction to my Mathematical Tables. Whatever was known 
however of this matter, related only to pure or integral 
powers, no one before Newton having thought of extract¬ 
ing roots by infinite series. He happily discovered that, 
by considering powers and roots in a continued series, roots 
being as powers hivdng fractional exponents, the same bi¬ 
nomial series would equally serve for them all, whether 
the index should be fractional or integral, or whether the 
series be finite or infinite. The truth of tliis method how¬ 
ever was long known only by trial in particular cases, and 
by induction from analogy; nor does it appear that even 
,Newton himself ever attempted any direct proof of it: 
however, various demonstrations of the theorem have since 
been ^ven by the more modern mathematicians, some of 
which arc by means of the doctrine of fluxions, and others^ 


more legally, from the pure principles of algebra only; 
for a full account of which, sec pa. 228, &c, of my Mathe. 
matical Tracis, vol. 1. 

'fhis theorem was first discovered by Sir I. Newton in 
1669, and sent in a letter of June 13, l67d, to Mr. Olden¬ 
burg, Secretary to the Royal Socictyj to be by him com¬ 
municated to Mr. Leibnitz; and it was in this form: 

(p -f- pq), See: where 

p pq signifies the quantity whose root, or power, or root 
of any power, is to be found ; p being the first term of that 
quantity; q the quotient of all the rest of the terms divided 

by that first term; and - the numeral index of the power 

or root of the quantity p pq, whether it be integral or 
fractional, positive or negative; and lastly 0 , b, c, d, dee, 
arc assumed to denote the several terms in their order as 

they are found, viz, a = the first term p7, b = the 2d term 

~aq, c =: the third term^^^ Ao, and so on. As Newton’s 

general notation of indices was not commonly known, be 
takes this occasion to explain it; and then he gives many 
examples of the application of this theorem, one of which 
is the following. 

Ex. I. To find the value of v/(c* ■+■ **) or (c’ *♦> j*)^, 
that is, to extract the square root of c* in an infinite 

scries. Here p = c*, 9 »i = l,and n = 2; therefore 

o = p. =(«)’ = o,4 = -»,=-, c=—S,= _, 

&c; therefore the root sought isc -+• -5 

® 9c ec* 16<* isst^ 

dtc. 

A variety of other examples are also given in the same 

place, by which it is shown that the theorem is of oniver* 

sul application to all sorts of quantities whatever.—This 

. theorem is sometimes represented in other forms, as 

• . m mm — mm — nm — 

Pm K ; 1-^. — ~ ^ • - • > ■ <r 

n “ n ‘in * n Zn Jn ^ 


Sc ec* 16 c* 


m m — n m — Srt 


&c; which comes to the same thing. Or thus p. 


m 

-P -r 


m m — n 


p By* &c; where ihc binomial il 


(p r)». 

In another letter to Mr. Oldenburg, of Oct. 24, 
Newton explains the train of reasoning by which he ob¬ 
tained the said theorem, a.s follows: “ In the beginning of 
my mathematical studies, when I was perusing the works 
of the celebrated Dr. ^VuUis (see bis Arith. ol Infinites, 
prop. 118, and 121, also his Algebra, chap. 82), and con¬ 
sidering the series by the interpolation of which be exhi- 
bifs the area of the circle and hyperbola; for instance, in 
this series of curves, whose common base or axis is x, 

and the ordinates respectively (I — xx)*» (1 — «) » 

(1—ix)*, (1—xx)*, (I—xx)^&c; I perceived that if 
the areas of the alicruate curves, which arc 

X -- lx’ 4x», 

X — fx* 4x* — 

&c; could bo interpolated, we should bo able to ob¬ 
tain the areas of the iutermediato ones; the first of whicb^ 
1 

(1 — xx) , is the area of the circle: now in order to ihlsy 
it appeared that in all the series the first terra was x; that 
the 2d terms fx*, jx*, fx’, |x*, were in arithmetical 
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progression; and consequently that the first two terms of 
all the scries to be interpolated would be 

I - ~ 

0 d a 

Now for the interpolation of the rest, I considered 
that the denoroinHtors, 1, 3, 7i were in arithme¬ 
tical progression; and that therefore only the numeral 
coefficients of tbe numerators were to be investigated. 
But these in tbo alternate areas, which arc given, were the 
same with the figures of which the several powers of 11 
consist; viz, of II®, 11 *, ll^, 11’, &c; that is, 

the first I, 
the second I, 1 
the third 1, 2, 1 
the fourth 1, 3, 3, 
the fifth 1, 4, 

&c. 

** I enquired therefore how, in these series, the rest of tbo 
terms may be derived from the first two being given; and 
1 found that by putting m for the 2d figure or term, the 
rest W'ould be produced by the continued multiplication 
of the terms of this si'rk^s, 

m —0 m —i m —2 m —0 m — 4 » 

&CC. 


1 

4, 


4 X 


1 2 a 

For instance, if the 

m ^ \ 


2d 


4 

term 


m 


, or fi, be the 3d term; and 6 x 


s 

=s 4; then shall 
m — a 

or 4, 


tlie 4lh term; and 4 x 




or 1, the 5th term; and 


1 X d^the 6th; which shows that in this case 

the series terminates. 

^^Tbis rule therefore I applied to the series to bo in« 
terpolaled. And since, in the scries for the circle, the 

2d term was — 1 put m s which produced the terms 


t 

V 


ini 

•I 


or — - 


^ — X 

e 


{^7 


a 


or -f* —: ^ 
10* 


1 

— X 
16 




or and so on ad infinitum. And hence I found 

1 

that the required area of the circular segment is 

, _ ^ _ 4l' _ Af: _ thl’ _ &c. ' 

“ And in the same manner might be produced the in- 
Cerpolatcd areas of the other curves: as also the area of 
the hyperbola and the other alternates in |hisscries 

(I + xi)'*, (1 + xx)^, (I xx)^, (I -t- xx)^, &c. 

And in the mme way also may other scries be interpolated, 
and that too if they should be taken at the distance of 
two or more terms. 

“This was the way then in which I first entered upon 
these speculatihns; which I should not have remembered, 
but that in tur^g over my papers a few weeks since, 1 
chanced to turiQny eyes on those relating to this matter. 

“ Having procee<lvd so far, 1 considered that the terms 

(I - xx)’, (I - xx)^, (1 - xx)^, (1 - xx)^, &c, 
that is, 1 

1 - ** / 

1 - 2x» x’ 

• J — "Sx* 3x* — x^ &c, might be interpolated 
in the same manner as the areas generated by them: and 
tor this, nothing more was required but to omit the dc> 
nominaton 1, 8, 6, 7i &c, in the terras expressing the 
areas; that is, the coefficients of the terms of the quantity 

to be interpolated (I — xx)^, or (1 — or generally 


0 “• will be produced by the continued muUiplica- 
tion of ;hc terms of this series 

m— I ffi — 9 m — 


m X 


&c. 


9 3 4 

*‘Thu5, for example, there would be fouud 

(1 - xx)T = 1 _ . ^ &c. 

(l-xx)^= 

(1 -xx)^ =s i_ 4x’_^x‘-,*.x* &c. 

“ Thus then I discovered a general method of reducing 
radical quantities into infinite series, by the theorem which 
I senfin the beginning of the former letter, before I knew 
the same by the extraction of roots. 

“ But having discovered that way, this other could not 
long remain unknown: for to prove the truth of those 
operations, 1 multiplied 

* — jx’ — &c, by itself, and the product was 

} — X*, all the rest of the terms vanishing after these, in 
infinitum. In like manner, 

^ ~ -fx* -- ^x’ — ,^. 1 ® &c, twice multiplied by itself, pro¬ 
duced I — X*. But as this was a certain proof of those 
conclusions, so I was naturally led to try conversely whe¬ 
ther these series, which were thus known to be the roots 
of the quantity I — x*, could not be extracted out of it 
after the manner of arithmetic ; and upon trial I found 
it to succeed. The process for the square root is here set 
down 

1 -x»(l -4x’~ix*-V,x‘ &c. 


] 


0-x* 

-X* 


ix‘ 




iil 


< r* 

-^x 


> r* _ « !•' 


“These methods being found, I laid aside the other 
way by interpolation of scries, and used these operations 
only as a more genuine foundation. Neither was 1 igno¬ 
rant of the reduction by division, which is so much easier.'* 
See Collins's Cummcrcium Epistolictim. 

And this is all the account that Newton gives of the 
invention of this theorem, which is engraved on his mo¬ 
nument in Westminster Abbey, as one of his greatest dis¬ 
coveries. 

Francis Mascres, Esq. (COrsitor Baron of thcExcbequer) 
has communicated the followiqg observations on the Bino¬ 
mial theorem, aiiB its demonstration; viz, About the year 
l666 the celebrated Sir Isaac Newton discovered that, if 
m were pul for any whole number whatsoever, the coeffi¬ 
cients of the terms of the mtb power of I x would be 


n% n m 1 


till wc come to the term 


l m ~ 9 


m 

a * \ Q 

m ~ (m ~ 1) 


'» &CJ 


, which will be the 

last term. But by wbat particular means he discovered 
this proposition, he has not told us, nor has be even at¬ 
tempted to give a demonstration of it. Dr. John Wallis, 
of Oxford, informs us (in his Algebra, chap. 85, pa. 31P) 
that he had endeavoured to find this manner of generating 
these coefficients one from another, but without success^ 
and he was greatly delighted with the discovery, when he 
found that Mr. Newton bad made it. But he likewise has 
omitted to give a demonstration of it, as well as Sir Isaac 
Newton; and probably he did not know how to demon- 
strate it. 
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Newloii, after liaviiig discovered tUis rule for generating 
the coctTicieiits of the powers of 1 -i- x when the indices of 
those powers were whole numbers, conjectured that the 
same might possibly obtain also when the indices were 
fractions. He therefore resolved to try whether it would 
or not, by applying it to such indices in a few easy in¬ 
stances, and particularly to lliosc of ^ and which, if the 
rule served in the case of fractional indices, would enable 

I 

him to find scries equal to the values of (I -f- and 

(1 -h x)^, or the squarc-root and the cube*root of the bi¬ 
nomial quantity 1 x. And, when he had in this man¬ 
ner obtuined a scries for (I which he suspected to 

be equal to (I x)^, or the square root of 1 x, he mul- 
tiphed the said scries into itself, and found that the pro¬ 
duct was I -K x; and when he had discovered in like man- 

f 

ncr a scries for (I x)^ he multiplied the same twiceinto 
itself, and found that the product was 1 x; and thence 
he concluded that the former scries was really c<|Ual to 
the square-root of 1 x, and that the latter scries was 
really equal to its cube-root. And from these and a few 
more such trials, in which he found the rule to answer, he 
concluded universally that the rule was always true, whe¬ 
ther the index m stood for a whole number or a fraction 

of any kind, as i, •}, or, in general, 

After the discovery of this rule by Sir Isaac Newton, 
and the publication of it by Dr. Wallis, in his Algebra, 
chap. 85, in the year l685, (which I believe was the first 
time it was published to the world at large, though it was 
inserted in Sir Isaac Newton's first letter to Mr. Olden¬ 
burg, the secretary to the Royal Society, dated June 13, 
1676', and the said letter was shown to Mr. Leibnitz, and 
probably to some other of the learned mnthematicians of 
that lime) it remained for some years without a demon¬ 
stration, cither in the case of integral powers or of roots. 
At last however it was demonstrated in the case of integral 
powers by means of the properties of the figuratc numbers, 
by that learned, sagacious, and accurate mathematician 
Mr. James Bernoulli, in the 3d chapter of the 2d part of 
his excellent treatise De ArtcConjectandi, or. On thcArt 
of fdrming reasonable Conjectures concerning Events that 
depend on Chance; which appears to me to be by far the 
best-written treatise on the doctrine of Chances that has 
yet been published, though M. Demoivre's book on the 
same subject may have carried the doctrine something fur¬ 
ther. This treatise of James Bernoulli’s was not published 
till 8 years after his death, which happened in August 
1705; but there is reason to think that it was composed 
in the latter 5 or 6 years nf the preceding century, and 
even that some parts of it, or some of the propositions in¬ 
serted therein, had been discovered by the author in the 
years 1689, I690, I69I1 and 1692. For the first part of 
bis very curious tract, entitled, Positiones Arithmetica; de 
Scriebus Infinitis, was published at Basil or Basle in Swit¬ 
zerland in the year l689: and the second part of the said 
Positiones (in the 19th Position of which those properties 
^ the figuratc numbers from which the binomial theorem 
may be deduced, arc set down) was published at the same 
place in the year 1692. But the demonstrations of those 
properties of the figurate numbers, and of the binomial 
tbcorcfn, which depends upon them, were never I believe 
communicated to the public till the year 17 IS, when the 
author’s posthumous ircatiso Dc Arte Conjcctandi made 


iu appearance. These demonstrations arc founded on 
clear and simple principles, and afford as much satisfaction 
as can well be e.xpcctcd on ^is subject. But the full dis¬ 
play and explanation of these principles,and the deduction 
of the said properties of the figurate numbers, and ulti¬ 
mately of the Binomial theorem, from them, is a matter 
of considerable length. It will therefore not he improper 
to give a shorter proof of the truth of this important 
theorem, that shall not require a previous knowledge 
of the properties of the figurate numbers, hut yet shall 
be equally conclusive with that which is derived from 
(hose pruiKrtics. Now this may be done in the manner 
following. 

Let us suppose that the coefTicienls of the terms of He 
first six powers of the Binomial quantity 1 •+■ x hove been 
found, upon trial, to be such as would bo produced by the 
genera) expressions 

mm m — Iw m— I m — 
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by substituting in them first 1, then 2, then 3, then 4, 
then 5, and lastly 6 instead of m. This may easily bo 
tried by first raising 1 x to the 6th power, by repeated 
multiplications in the common way, and afterwards finding 
the terms of the powers by means of the said general c.x- 
pressions above ; which will be found to proditcc the very 
same terms as arose from the multiplications. Afterthese 
trials wc shall be sure that those general expressions arc 
the true values of the coefficients of the powers of 1 j 
at least in the said first six powers. And it will therefore 
only remain to be proved that, since the rule is true in the 
said first six powers, it .w ill also be true in the next fol¬ 
lowing, or the 7th power, and consequently in the 8th, 
9(h, and lOih powers, and in all higher powers whatso- 
cver. 

Now, if the coefficients of the lat, 2d, Sd, 4th, and 

other following terms of x) be denoted by the letters 
a, b, c, d, &c, respectively, it is evident from the nature 
of muitiplicalioii, that the coefficients of the 1st, 2d, 3d, 
4th, and other following terms of the next higher power 

of 1 -t- X, to wit, 1 -i- x'\"^ * will be equal to a, a -h b, 
b c, c d, &c, respectively, or to the sums of ever^ 
two contiguous coefficients of the terms of the preceding 

scries which is = 1 ->• r' . This will appear from Iho 
operation of multipUcation, which is os follows: 
a bx ex* dx* ex* &c 

1 X • 

• a ^ cx* dx* •+■ ex* ■+■ &c 

-»• ox hx* ci^ dx* &c . 

Therefore, if l be equal to the series 

bx -h cx* '*■ dx^ 4- ex* 




will be equal to the_ 

c d . X* 


&e. 


then I *4- .t 

a a b . X -»■ h c . X* 

Now let n be = m •*< 1. Wc-«hall then have to prove 
that, if the coefficients a, b, c, d, &c, be respectively 

, mm tn — im m — I ifi — * 

equal to 


m m 
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&C. 


- - a ' » ■ a a ' 

the coefficients o, a -h 6, i c, &c, will be respectively 

: , n n n—I n n—1 n—a 

equal to 1, j* 7 


&C. 


a 1 3 a 

And to do which, there is nothing more rcquired.thu 
to collect togetWr every two terms of the former of thdif* 
two scries, and llicn substitute iato Hese sumi, n insfead 
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of 1)1 -1- 1, when there will immediately come out the terms 

of (be latter series as above, viz, 

X* -4- &c. Q. E, D. 

For several other demonstrations of the Binomial Theo¬ 
rem, see my new Tracts, vol. 1, pa. 228, &c. 

BIPARTIENT, is a number that divides another into 
two equal parts without a remainder. So 2 is a bipartient 
to 4, and i a bipartient to 10. 

BIPARTITlON, is a division into two equal parts. 
BIQUADRATE.or Biquadratic Power, is the squared 

square, or 4th power of any number or quantity. Thus 
16‘ is the biquadrate or 4lh power of 2, or it is the square 
of 4 which is the 2d power of 2. 

Biquadratic Boot, of any quantity, is the square 
root of the square root, or the 4tii root of that quantity. 
So the biquadratic root of l6 is 2, and the biquadratic 
root of 81 is 3. 

Biquadratic Equation, is that which rises to 4 di¬ 
mensions, or in which the unknown quantity risc-s to the 
4th power; as x* -*• ax^ -h bx* cz -i- d =: 0. 

Any biquadratic equation may be conceived to be ge¬ 
nerated or produced from the continual multiplication of 
four simple equations, 

as(x~/i) X {x — q) X (r —r) x (x-r) = 0; 
or trom that of two quadratic equations, 

^ px q) X (x* rx -I- «) = 0; 

or, lastly, from that of a cubic and a simple equation, 

(* 7" F) * rx -I- «) = 0: which was the 

invention of Harriot. And on the contrary, a biquadratic 
equation may be resolved into four simple equations, or 
into two quadratics, or into a cubic and a simple equa¬ 
tion, having all the same roots with it. 

1. Ferrarts Method for liiquadraiic Equations. 

The first resolution of a biquadratic equation was given 
in Cardan's Algebra, chap. 39, being the invention of his 
pupil and friend Lewis Ferrari, about the year 1540. This 
is effected by means of a cubic equation, and is indeed a 
method of depressing the biquadratic equation to a cubic, 
which Cardan demonstrates, and applies in a great variety 
of examples. The principle is very general, and consists 
in making one side of the equaiion a square, by help of 
some multiples or parts of iu own terras and an assumed 
unknown quantity; which it is always easy to do; and 
then the other side is made to be a square also, by as¬ 
suming the product of its 1st and 3d terms equal to the 
square of half the 2d term; for it consists only of three 
terms, or three different denominations of the original let¬ 
ter; then this equality will determine the value of the as¬ 
sumed quantity by a cubic equation: other circumstances 
depend on the artist's judgment. But the method will be 
farther explained by the following examples, extracted 
from Cardan's book* * 

Gi'^cn x| -f- 6x* -t- 36 = 60r, to be resolved. 

Add ox* to both sides of the equation, so shall 
x’ -f. 12x* 36 or (x* 6)* = 6x* 60x. - 

Artumee, and add (x* + 6)2y -t-y* to both sides, then 
IS (j^ M-6)* H- 2y(x»6) -I-= 6x* -I- 60x h- 2e(x*-t-6) 
Zp ^ ® (0 + 2y)x* + 60x l2y 

Make now the 1st x 3d term = 4 sq. 2d, 
ibis rives (6 + 2y) . (I2y + y*) x* = pOOx*, 
or/ + 15/ 36y = 450; and hence 

+1/(2874 - v/804494) - 5. 

I ” * ^ found by a quadratic equation. 
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For, because (6 2y) . (12y -t- y) . x’’ =s goo x', 

(6 2y). r- 60 x -t- 12y becomes a square, who!i<» 

root is evidently equal to X\/{6 2y) -)- v'(12y y ); 

and since (x^ -t- 6 -ey)* = (6* t- 2y)x* -t- 60 x -t- 12v v'. 


, , - 2 y •>-y 

their roots are also equal, that is x* -t- 6 -4- y =; x^(6 
+ 2y) -4- \/{l‘2y -ey'), a quadratic equation. 

Ex, 2. Given x* = r -e 2. 

Before applying Ferrari’s method to this example, Cardan 
resolves it by another way as follows: subtract 1. from 
both sides of the equation, then is x* — 1 = x .4- 1 ; di- 
vide by X -»- 1, then is x^ — x*-4.r—1 = 1, or x^-hx 

i*' V VV 


and hcncc x 


3016 


=5x^ H- 2; 

47. 1 

~ I* 

But to resolve it by Ferrari's rule: 

Because = x 2; therefore 

X* 2j^x* ^ y or (x- ^ yY s h- x -f- (2 -+- /); 
hcncc 2y 4y = or y -f- 2^ s-J; and the root is 

by means ot which x is found by a quadratic equation. 

Ex. 3, Given x‘ -h 32x* -4- i6 = 48x—Add 240, then 
X* -I- 32x* -4- 256 or (x^ -4- l6)* = 48i -4- 240; complete 
square again, then 

(x* -4- 16)* 2y.(x* -+- i6) -4- y' = 2yx* -4- 48x -4- (y* 

32y -4- 240); make the last side a sq. by the rule, 
which gives / -4- 32y* -4- 240y = 24 x 12 = 288. 

Pul now z Esy h- lOj, and the last transforms to 
e’ = 101^ -t- 420^4; then the value of s found from 
this, gives the value of y, and hence the value of x as 
before. 

2. Descartes's Rule/or Biquadratic Equations. 
Another solution was given of biquadratic equations by 

Descartes, in the 3d book of his Geometry. In this solu¬ 
tion bo resolved the given biquadratic equation into two 
quadratics, by means of a cubic equation, in this manner: 
hirst, let the 2d term or 3d power be taken away out of 
the equation, after which it will stand thus, 

X* -4- px* -4- yx -4- r = 0. Find y io this 

cubic equation / -4- 2py* y* — ?* = 0; and then 

the values of r < * « * 9 .. 

X io ihcsoV 

two quadra-) , » a » 5 

tics. < + IP - + = 0, 

so shall these values of x be the roots of the given biqtia- 
dratic equation. 

Ex. Let the cqu. be x’ — lyx* — 20x — 6 = 0. 

Hcrcp = — 17, 9 = — 20, and r = — 6; 

and the cubic equ. isx^ — 34y’ -i- 313/ — 400 = 0, 

the root of which isy*= i6, ory = 4; 

hence the two qua- fx* — 4x — 3 = 0 

dratics are - (, x* -4- 4x -f- 2 = 0, 

the four roots of which are 2 ± /7 and — 2 ± ^2. 

3. Euler^s Method/or Biquadratic Equations. 

The celebrated Leonard Euler has also in the 6th 
volume of the Pctcrsbuig Ancient Commentaries, for the 
year 1738, an ingenious and general method for resolving 
equations of all degrees, by means of the equation of the 
next lower degree, and among them that of the biquadratic 
equation by means of the cubic; and this last was also 
given more at large in his treatUeof Algebra, translated 
fitim the German into French in 1774, in 2 volumes Svo, 
Tlie i^elhod is this: Let x* — ax* — 5x — c = 0, be the 
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gncn bi(|ua<lratic equation, watUiug (he SH term* Take 
/s la, g -f- ic, and h ; with which values 

of/, g, /i, form the cubic equation -4- ^ — A = 0. 

Then find the three roots of this cubic equation, and let 
them be called p, y, r. So shall the four roots of the pro¬ 
posed birjuadratic be these following, viz, 


When is negative: 
^/p- \/r, 

“■ v'? 

-VP-V9- v/'-- 


When {l> IS positive : 

Jst. ' a/p ■+■ a/(} v'r 
2<l. a/p h- ,/q — a/t 
3d. l/p — a/t 

4th. v^p—v/^— y/r 
£r. Let the equ. be x* — 25x* ■+■ ^Ox — 36 = 0. 

Here a ss 25, bs= — 60, and e :s 36; 

therefore/=:-,^= — ^ 9 = -^, and A = —. 

Consequently the cubic equation will be 

, 9S . 769 *25 

-5 — -8* -I- — z-— 0. 

3 16 4 

The three roots of which arc 


95 


tss -=p, and s s 4 s f , and xs — = r; 
of these are y/p = *f v^7 = 2 or 4, y/r = 


and the roots 


Hence, as the value 


. 4^7 = 
of 46 is 


negative, the fbur roots arc 


1st. 

X ss 

4h.4-4 = 

1 , 

2d. 

X ZS 

4-4 + 4 = 

2 , 

dd. 

X S 

-4 + 4 + 4 = 

3. 

4th. 

X = 

T T T T — 

- 6 . 


4. Simplon's Rule for Biquadratic Equadont. 

Mr. Simpson gave a general rule for the solution of bi' 
quadratic equations, having all its terms, in the 2d edit, of 
bisAlgcbra, pa. 150, published in 1755, in which the given 
equation is also resolved by means of a cubic equation, as 
well as the two former ways; and it is investigated on the 
principle, that the given equation is equal to the diiference 
between txvo squares; being indeed a kind uf generaliza* 
tion of Ferrari’s method. 

Thus, he supposes the given equation, viz, 

X* •+• px^ -r qx* ri -r t ^ (x* Ipx ■+■ a)* — (bx c)*; 
then from a comparison of the like terms, the values of the 
assumed letters are found, and the final equation becomes 
A>- 49a* i-Xa - 4/ = 0, 
where k = 4pr — j, and f = 4r* . (Jp* — j). 

The value of a being found in this cubic equation, those 
of B and c will be had from their general values, viz, 


B — y/(2A + ip* — 9 ), and c s= Hence, finally, 

the root X will be obtained from the ussumed equation 
(x» + 4pr a)* - (nr 4- c)' = 0, or x* -*• fpr a = 
.± ± c (which always is the case when the value of x 

is taken such, that the given biquadratic becomes equal to 
nothing), in four several values. 

• Ex. Given the cqu.x*— 6 x^ — 58x’— n 4 x — 11 = 0 . 

Here p=; - 6, 7 = - 58, r= - 114 , and 1 = - 11, 
whence ' 

* or ipr^tss 182, / or 4r* ». (Jp* - o) = 2512{ 

and therefore the cubic equation becomes 

A* t- 29a* -I- 182a - 1256=0, 
the root uf which is a = 4 . 

Hence then b or v^2a.- 9 = y/75, and c or 
«^ = y/27: 

then the quadratic equation becomes 

X* - 3x 41= ± xy /75 ± y/27; which solved givu* 

* = li±24y/3-l-y/(I7±n4y/3), 
or =l4±24v^3-y/(l7±114v'3). 


exhibiting all the 4 roots of the given equation according 
to the variations of the signs. 

Mr. Simpson here subjoins an observation which is to-' 
tally erroneous, viz, that The value of A, in this equation, 
will be commensurate and rational (and therefore the easier 
to be discovered), not only when all the roots of the given 
equation are commensurate, but when they are irrational 
and even impossible; as will appear from the example 
subjoined." It must indeed appear singular that he should 
have adduced such a reason for the proof of a proposition 
without any foundation; and it is wonderful that he fell 
upon no examples that refuted it, as the instances in which 
it holds true, arc so few, in comparison with the number 
of those in which it fails. 

By methods similar to most of the foregoing ones, Dr. 
Waring gave very general investigations of such rules for 
biquadratics, in his Meditationes Algebraic^, published in 

1770. 

Note. In any biquadratic equation having all its terms, 
if 4 of the square of the coefficient of the 2d term be greater 
than the product of the coefficients of the 1st and 3d terms, 
or 4 of the square of the coefficient of the 4th term bt 
greater than the product of the coefficients of the 3d and 
5th terms, or | of the square uf the coefficients of the 3d 
term greater than the product of Ihc coefficients of tha 
2d and 4th terms; then all the roots of that equation will 
be real and unequal; but if either of Ihc said parts of 
those squares be less than either of those products, the 
equation will have imaginary routs. 

For the construction of biquadratic equations, sec Con- 
STBUCTioN. See also Dcscarfcs’s Geometry, with theCom- 
mentaries of Schoulcn and others; Baker's Geometrical 
Key: Slusius's Mi-solabium; rHospital's Conic Sections; 
Wolfius's Klemcnta Maihcscos; &c. 

Biquadratic Paralusla, a curve of the 3d order, ha¬ 
ving two infinite legs, and expressed by one of these three 
equations, viz, 

a?x —y*, as in fig. 1, 
o’x =y — ay, as in fig. 2, 
o*x =y* — (a -f- 6) . y’ — aby*, as in fig. 3 ; 
where x = ap the absciss, y = pq the ordinate, 6 = aB, 
c = AC, and q = a certain given quantity. 





But the most general equation of this curve is the fol¬ 
lowing, which belongs to fig. 4, vis, 



= X* + 6r* 4- cx^ - 4 . dx -*■ e; 
where x = Ap or ap the absciss, and -- y or y is the 
ordinate pm or pm, also a, b, c, d, e, arc. constant quanti¬ 
ties; the beginning of the absciss being at any point a in 
the indefinite line ap.’ 

But if the beginning of the absciss a be at the point 
where this line interseots the curve, as in fig. 5, then the 


BIS 


B L A 


[ *33 ] 


nature of the curve will be defined by this equation a x 
pm = A/) X Bp it cp * Dp, wherever the point p is taken 
in the infinite line RS. 




When the curve has no serpentine part, as fig. 6, the 
equation is more simple, being in this case barely a x pm 
ss Ap’ X pB*. See CirRV£*Z.CT«, and Geombtrical 
Lines. 

BIQUINTILE, an aspect of the planets when the di¬ 
stance bet^^een them is 144 degrees, or twice the 5th part 
of 360 degrees. 

BISECTION, or Bissectiok, the division of a quan¬ 
tity into two equal parts, olhcrwi*-e called bipartition. 

BISSEXTILE, or Leap-year, a year consrsting of 366 
days, and happening every 4th year, in consequence of the 
addition of I day to the 'month of February, when that 
month consists of 29days. And this U done to compensate 
for the 6 hours which tlie sun takes up nearly in his course, 
more than the 365 days commonly allowed for it in other 
years. 

The day thus added was by Julius Caesar appointed to 
be the day before the 24th of February, which among 
the Romans was the 6th of the calends, and which on this 
occasion was reckoned twice; whence it was called the 
Bissextile. 

By the statute Dc anno bissextile, 21 Hen.3d, to prevent 
misunderstandings, the intercalary day and that next be¬ 
fore it arc to be accounted as one day. 

To find what year of the period any given year is; di¬ 
vide the given year by 4; then if 0 remains, it is leap-year; 
but if any thing remain, the given year is so many after 
leap-year. 

But the astronomers concerned in reforming the calendar 
in 1382, by order of Fope Gregory the I3tb, observing that 
in 4 years the bissextile added 4-4 minutes more than the 
sun spent in returning to the same point of the ecliptic; 
and computing that iu >33 years these supernumerary mi¬ 
nutes would form a day; to prevent any changes being 
thus insensibly introduced into the seasons, directed, that 
in the course of 400 years there should be three sextiles 
retrenched; so that every centesimal year (which is a Icap- 
^car according to the Julian account), is a common year 
>n the Gregorian account, unless the number of centuries 
can be divided by 4 without a remainder. So 16OO and 
2000 are bissextile; but 1700, 1800, and 19OO are com¬ 
mon years. 

The Grigorian computation has been received in most 
foreign countries ever sincitthe reformation of the calendar 
in 1582; excepting some northern countries, as Russia, 
6cc. Anfl by act of parliament, passed in 1751, it com¬ 
menced in all the dominions under the crown of Great 
Britain in the year following: it being ordered by that act 
that the natural day next following the 2d of September, 
sliould be accounted the 14th; omitting the intermediate 
11 da^s of the common 'calendar. The supernumerary 
day, m Icap-ycan,'.being added at the end of the month 
of February, and called the 29th of that month. 

The centesimal year 1800 having been a common year, 
instead of a bissextile, from that time there arc now 12 
days difiercncc between the old and new style^ and so will 


continue till the year I9OO, when the difference between 
will be one day more, and so on, at every centesimal year 
which is not exactly di\isiblc by 4, 

BLACK, a colour so called, or rather a privation of all 
colour. This, it appears, arises from such a peculiar tex¬ 
ture and situation of the superficial parts of a black body, 
that they absorb all or most of the ra)s < 4' light, reflecting 
little or none to the eye ; and hence it iiappens that black 
bodies, thus imbibing the rays, arc always found to be 
hotter than those of a lighter colour. Dr. Franklin obsei ^es 
that black clothes heat more, and dry sooner in the sun 
than white clothes; that therefore black is u bad colour 
for clothes in hot climates; but a fit colour for the linings 
of ladies’summer hats; and that a chimney painted black, 
when exposed to the sun, will draw more strongly. Frank¬ 
lin's Experim. &c.—Dr. Watson, the present bishop of 
Landaff, covered tbc bulb of a thermometer with a black 
coating of Indian ink, and the consequence was that itie 
mercury rose 10 degrees higher. Philos, i'rans. vol. 63, 
pa.40; and the same thing has since been evinced by the 
experiments of hir. Leslie and other philosopKers.—And 
a virtuoso of some credit assured Mr. Boyle, that in a hoi 
climate by blacking the shells of eggs, and exposing them 
to the sun, he had seen them thus well roasted. 

BLACKNESS, the quality of a black body, as to co¬ 
lour ; arising from its stifiiug or absorbing the rays of light, 
and rcfiecting little or uonc. In which sense it stands di¬ 
rectly opposed to whiteness; which Consists iu such a tex¬ 
ture of parts, as indifferently reflects all the rays thrown 
upon it, of whatever colour they may be. 

Descartes, it appears, first rightly distinguished these 
causes of black and white, though he might be mistaken 
with respect to the general nature of light and colours.— 
Sir Isaac Newton shows, in his Optics, that to produce 
black colours, the corpuscles must be smaller than forex- 
hibiting those other colours; because, where the sixes of 
the component particles of a body are greater, the light 
reflected is too much for constituting this colour; but 
when they arc somewhat smaller than is requisite to reflect 
the white, and very faint blue of the first order, they will 
reflect so small a portion of light, as to apprar intensely 
black; and yet they may perhaps reflect it variously to and 
fro witMn them so long, till it be stifled and lost. 

And hence it appears, why fire, or putrefaction, by di¬ 
viding tbc particles or substances, tuni them black ; why 
small quantities of black substances impart their colours 
very freely, and intensely, to other substances, to which 
they are applied; the minute particles of these, on account 
of their very great number, easily overspreading the gross 
particles of others. Hence it also appears, why glass ground 
very elaborately on 'a copper-plate with sand, till it be well 
polished, makes the sand, with what is rubbed ofl' from the 
copper and glass, breonu- very black; also'why blacks 
commonly incline a little towards a blueish colour; as may 
be seed by illuminating while paper with light refli'cteil 
from black substances, when the paper usually np|)ears of 
a blucisb white; the reason of which is, that black borders 
on the obscure blue of the first order of coloun, and there¬ 
fore reflects more ray^ of that colour than of any other; 
and lastly, why black substances sooner than otlicfs be¬ 
come hot in the sun's light, and burn ; an effect which may 
proceed partly from the multitude of refractions in a little 
space, and partly from the easy commotion among such 
minute particles. 

BLAGRAVE (Johk), an eminent mathematician, who 
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flourished in Hie J6tb and 17Jh centuries. He was ihc 
itcoiid son of John Blagravc, of Buliimrsh-court, near 
Sunning in i’erkshire, descended from an ancient family 
in llial country. From a grnmmar-school at KcaiUng he 
SMis sent to St. .tohn s-college in Oxford, where he applied 
Inni'^ell chiefly to the study of mathematics. From hence 
he rt'tireil to his piitrinionial scat of SouthcotC'lodgc, near 
lUading, where he spent the rest of his life, in a reined 
milliner, sviihout nunrying, that he might have more lei¬ 
sure to pursue his tasouritc studies; which he did with 
great application and success. After u life thus spent in 
study, and in acts oj benevolence to all around him, he 
died in the year l6l 1 ; and was buried at Heading in the 
church of St. Lawrence, where a sumptuous monument 
was erected to his memory. 

He left the bulk of his fortune to the posterity of his 
three brothers, which w<re very numerous. There have 
been mentioned various acts of liis beneficence in private 
life, for thcenCourugement of learning, the resvard of merit, 
and the relief of distress. Some of these were the result 
of n <]uaint, humorous disposition, discovered chiefly in 
his legacies. One of these was 10 pounds K it to be annually 
disposed of in the following manner: On Good-friday, tlie 
churchwardens of each of the three parishes of Heading 
send to the town-hall " one virtuous maid who has live d 
live years with her master;” there, in the presence of the 
magistrates, these three virtuous maids throw dice for the 
10 pounds. The year following the two losers are re¬ 
turned with a fresh one, and again the third year, till each 
has had three chances. He also left nn annuity to 80 
|)Oor widows, who sliouKl attend annually on Golnl-friday 
also, and hear a sermon, for the preaching of which he left 
10 shillings to the minister. He took care also for the 
inaimeimnce of his servants, rewarding their diligence and 
fidelity, and providing amply for tlicir support. Thus it 
appears he was not more remarkable for his scientific kiiow- 
leilgc, than for his generosity and philanthropy. His works 
ar<-, 

1. A Mathematical Jewel. I.x>ud. 1385, folio. 

2, Of the iMaking and Use of the Familiar Staff. Lend. 
1590. 4to. 


3. /Utrolabium Uranicuin Gcnerale. Lond. 1596, 4to. 

4. The Art of Dyalling. Lond. 1609, 4to. 

BLAlll (John), an eminent chronologist, was horn 
and educated at E<liiiburgh. Afterward, coming to Lon¬ 
don, he w^s for some time usher of a school in Hcdnc-lane. 
r published The Chronology and History 

ot the World, from theCreation to the year ofChrtst 1753, 
.l ustrated tn 56 tablets. In 1755 he was elected a felloJ 
of the Hoyal Society, and in 1761 of the Society of Anti- 
(^uaries. »756 he published a 2d edition of his Chro¬ 
nological 'Jables, and in 1768 an improved edition of the 
same with the addition of 14 Map, of Ancient and Mo¬ 
dern Geography, for illustrating the Tables of Chronology 
and History; to which is prefixed a Dissertation on the 
Progress of Geography. In 1757 he was appointed cTiap- 

T ? r H 'iTr and {simhematicSl 

Tutor to the puke of York; whom he attended in 1763 

in a tour ‘o the continem. from wjiich they returned the 
year after. Dr. Blair lia<l successively several good church 
preferments: as a prcbendal stall at Westminster, the vi¬ 
carage of H.nck ey, and the rectory of Burton Cogglcs in 
Lincolnshire, all in 17^1; the vicarage of St. Bride’s in 
London, m 1771, in c.xchange for that of Hinckley; the 
rectory of Su John the Evangelist in Westminster, in 1776 


in exchange for the vicarage of St. Bride's; in the same 
year the rectory of Horton near Colcbrookc, Bucks. Dr. 
Blair died the 24th of June, 1782. 

BLIND, an epithet applied to an animal deprived of the 
use of eyes; or one from whom light, c<dours, and all the 
glorious objects of the visible creation, arc intercepted by 
some natural or accidcnUil cause. * 

BLINDNESS, a privation of the sense of sight. The 
ordinary causes of hlindiuss arc, some external violence, 
vicious coiifoniiaiion, growth of a cataract, guita screna, 
small-pox, &c; or a decay of the optic nerve; an instance 
of which we have in the Academy of Sciences, where, on 
opening the eye of n person long blind, it was found that 
the optic nerve was extremely shrunk and decayed, and 
without any medulla in it. The more extraordinary causes 
of blindness are malignant stenches, poisonous juices drop¬ 
ped into the eye, baneful vermin, long confinement in the 
dark, bee. 

We find various compensations for blindness, or substi¬ 
tutes for the use of eyes, in the wonderful sagacity of many 
blind persons, related by Zaplinius in liis Oculus Artifici- 
alis, and others. In some the defect has been supplied by 
a most c.xcellcnt gift of memory; others by a delicate nose 
or the sense of Smelling; others by a very nice car ; and 
others again by an exquisite touch, or sense of feeling, 
which they have p(>sscssc<l in great perfection. 

Some have been able to perform many sorts of curious 
works in the nicest and most dexterous n\nuner. Aldro 
vandus speaks of a sculptor, who had become blind at 20 
years of age, and yet lOyearsnftiTwards he made a perfect 
marble statue of Cosmo it de Medicis, and unothcr of clay ■ 
like pope Urban viti. Bartholin speaks ofa blind sculp¬ 
tor in Denmark, who, by mere touch, distinguished perfectly 
well every kind of wood, and even colours; and father 
Grimaldi relates an instance of the same kind; beside^the 
blind organist, lately living in Paris, who it was suhl did 
the same thing. What seems more extraonlinary still, we 
arc told by authors of good report, of a blind guide, who 
used to conduct the merchants through the sands and de¬ 
serts ol Arabia; and a not less marvellous instance is now 
existing in this country, in otic John Metcalf, near Muii- 
cliester, who became quite blind at a very early age; and 
yet passed many years of his life as a waggoner, ami occa¬ 
sionally, as a guide in different roads during the night, or 
when the j^aths were covered with snow; ami, whal is 
stranger still, his present occupation is that of surveyor.and 
projector of highways in difficult and muiiniainoiis parts, 
particularly about Buxton, and the Peak in Derbyshire. 

There are oI<o many instances of blind men wfio have 
been highly distinguished for their mental and literary ta¬ 
lents, not to speak of the poets Homer, Milton, O&sian, &c; 
of these we have a remarkable instance in the late Dr. 
Sanderson, professor of mathematics in the university of 
Cambridge, and in Dr. Henry Moyes, public lecturer in 
philosophy, who both of them lost their sight by the small-’ 
pox at an age before they had any recollection; these men 
were well skilled in all branches of the mathematics, phi¬ 
losophy, optics, &tc, which they taught^with the greatest 
reputation; besides the monument of fame which the for¬ 
mer has left behind him in his mathematical and philoso¬ 
phical works. Another instance of these very extraordi¬ 
nary characters is likewise evinced in the present day, 
in Mr. John Gough of Middleshow, near Kendal, who, 
though blind from bis infancy, has ncvcrlbeless acquir¬ 
ed not only a very c.\tcosivc knowledge in almost all ike 
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branches of the mathematics, but also in botany and clu'- 
mistrj'. 

The effects of a sudden recovery of sight in such as have 
been born blind, arc also very remarkable. Devoid of the 
experience of distance and liguru arising from sight, they 
arc liable to the greatest mistakes iu this respect; so much 
that it has been s«iid they could not (lisiingui>h by the mere 
sight between a cube and a globe, without first touching 
them. Mr. Boyle mentions a gentleman that was blind, 
who having been restored to sight at 18 years of age, was 
m^arly distracted with joy. See Boyle's w orks abridg. vdl. 1, 
p. 4« See also a remarkable case of this kind in the Tatler, 
No. 55, vol. 1. And the gentleman couched by Mr. Chc- 
selden had no ideas of colour,shape, or distance: though 
he knew the colours asunder in a nood light durins his 
blind state, yet AYhen be saw them after he had been 
couched, the faint ideas he ha<l of them before, were not 
sufficient for discriminating them afterwards. As to dis¬ 
tance, his ideas were so deficient, that he thouglit all the 
objects he saw touched his eyes, as what he felt did his 
skin; and it was a considerable time before he could re¬ 
member which was the dog and which the cat, though 
often informed, without feeling them. 

BLINDS, or Blindes, in rortification^ a kind of dc-* 
fence usually made of oziers or branches interwoven, and 
laid across between two rows of stakes, about a man’s 
height, and 4 or 5 feet asunder. They arc used particu¬ 
larly at the heads of trenches, when these arc extended in 
front towards the glacis, serving to defend the workmen, 
and prevent the enemy from overlooking them. 

BLOCKADE, is the blocking up of a place by posting 
troops in all the avenues and roads leading to it, to prevent 
farther supplies of men and provisions to the besieged, and 
tlius starving them out, without forming any regular siege 
or attacks. 

BLONDEL (FitANCis), a celebrated French mathe¬ 
matician and military engineer, was born ut Ribetnond 
in Picardy in l6l7* While he was yet but young, he was 
chosen Regius Profeftorof Mathematics and Architecture 
at Paris. Not long after he was iippoirited governor to 
Lewis-Henry de Lomcnix,Count de Brienne, whom he ac¬ 
companied in bis travels from l652 to lff55, of which he 
published an account. He enjoyed many honourable cm- 
plovmcnts, both in the navy and army; and was intrusted 
witH the management of scvc^l liegociations with foreign 
princes. He arrived at the dignity of marshal dc camp, 
and counsellor of state, and hud the honour to be appoint¬ 
ed mathematical preceptor to the dauphin. He was a 
member of the Royal Academy of Sciences, director of the 
Academy of Architecture, and lecturer to tbc^Royal Col¬ 
lege, in all which he supported his character with dignity 
and applause. Btoudul was no Ic^s versed in the knowledge 
of the belles lettres than in the mathematical sciences, as 
appears by the comparison he published between Pindar 
and Horace. He died at Paris the 22d of February i66ff, 
in the 6‘9th year of his age. His chief mathematical works 
, were, , 

1. Cours d’Archilecture. Paris, 1(J75, in folio. 

2. Resolution dcs Quatre Principaux Problemes d'Ar- 

chilecture, Paris, 16Y6, in folio. ^ 

3. Histoiredu Cnlciidricr Roftnin. Paris, 1682, in 4to.‘ 

4. Coons dc Mathomaiiques. Paris, l683, in 4to. 

5. LlArt de jelter di*$ Uoinbes. La Haye, l685) in 4to. 

Besides A New Method of fortifying Places, and other 

works. 


Blondel had also many ingenious pieces inicrltd in the 
Memoirs of the French Academy of Sciences, particularly 
in the year U)60’. 

BLOW, in H general sense, denotes a stroke given either 
with the hand, a wcapuo, or an instrument. The efi’ccl of 
a blow is cstinutted like tlje force of ptucussion, and cx- 
pri*ssed also by tlie velocity of the body multiplied by its 
weight. 

BLOWING of a Fird-on/i, is w hen the vent or touch- 
hole is run or gullied, and becomes w ide, so that the powder 
will fiaine out. 

BLUE, one of the seven primitive colours of the rays of 
light, into w hich they arc divided when refracted tlirough 
a glass prism. See New ton's Optics, &c. See alsoCnuo- 

MATICS. 

BLUENESS, that quality of a body, as to colour, from 
which it h called blue; depending on such a size and te.\- 
ture of the parts that compose the surface of a body, as 
disposes them to reflect only the blue or azure tays of light 
to the eye. 

The blueness of the sky is thus accounted for by Dc la 
Hire, after Da Vinci; viz, that a black body viewed 
through a thin w'hite one, givers the scnssvtion of blue, like 
the immense expanse viewed througli (he air illuminated 
and whitened by the sun. For i1k' same reason he says it 
is, that soot mixed with white, makers a blue; for that 
white bodies, being always somewhat transparent, when 
mixing with a black behind, give the perception of blue. 
From the same principle too he accounts for the blueness 
of the \eins on the surface of the skin, (hough the blood 
they are filled with be a deep rei). 

In tlicsame manner was the blue colour of the sky ac¬ 
counted for hy many other of (he earlier writers, as Fro- 
mondus, Funceius, Otto Guericke, and many others, with 
several of the more* modern writers, Wollius, M use hen- 
broek, &c. But in the explication of this phenomenon by 
Newton, he observes, tjiat all the vapours, when they begin 
to condense and coalesce into natural particles, become 
first of such a magnitude us to reflect the azure rays, be¬ 
fore they can constitute clouds of any other colour. This 
being therefore the first colour they begin to reflect, must 
be that of (he finest and most transparent skies, in w hich the 
vapours arc not yet arrived at a grossness sufficient to re¬ 
flect other coloun. 

Bouguer however ascribes this blueness of the sky to the 
constitution of the air itself, being of such a nature that 
these fainter-coloured rays arc incapable of making (heir 
way through any considerable tract of it. And as to the 
blue shadows which were first observed by Buffun in (ho 
year 1742, he accounts for them by the aeriiU colour of 
the atmosphere, which enlightens those shadows, and in 
which the blue rays prevail; w hilc the red ray^s arc not re¬ 
flected so soon, but pass on to the remoter regions of the 
atmosphere. And the Abbe Mazeas accounts for thepbe- 
nUmeiion of blue shadows by ihc diminution of light; ob* 
serving that, of two shadows w hich were cast upon a white 
wall from an opaque body, illuminated by the moon and 
.by a candle at the same time, th^^t from the candle was 
somewhat red, while the other from the moon was blue. 
See Newton’s Optics, pa. 228 ; Bouguer Traill d'Optique 
pa. S68; Edinb. Ess. vol. 2, pa. 75; or PricstK*y's Hist, of 
Vision See, p.i. 436. 

BLUNDERBUSS, in the Military Art, ashortkindof 
/ire-arm, with a large bore, contrived to carry ^ number of 
pbtol or musket bullets at once. The blunderbdss is pioper 
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fo do execution in a crowd, or to make good any narrow 
]>assagc. 

BLL'NDEVILLE (Thomas), of Newton Flotman, a 
wnter on navigation near the end of the 16th century. In 
hts Briefe Description of Universal Mappes and Gardes, 
first printed in I689, he gives an account of Gerrard Mer¬ 
cator's univerNuI map, observing that Bernard Putcan of 
Bruges had published in 1579< one altogether like it. And 
though Blundcville is so particular, us to set down num¬ 
bers expressing the distances between each parallel of lati¬ 
tude in those maps,yet he seems to slight them, by saying, 
that no better rules than those given by Ptolemy can be 
devised : but, in the artercJitionsofhis book, Blundcville 
omitted the commendation he had given of Ptolemy’s me¬ 
thod of delineating an universal map. But Ulundcville's 
chief (vork seems to be his Exercises, written in 1593> the 
4th edit, in 16'IS, 4to, 800 pages, containing treatises of 
Arithmetic; tables of Sines, Tangents, and Secants; Cos* 
tnographic; Description and Use of the Globes, Mappes, 
Gardes, Astrolabe, Navigation, &c. 

BOB a Patdutum, the same as the ball or weight; 
which see. 

BODY, in Geometry, is a 6gurc conceived to be ex¬ 
tended in all directions, or what is usually said to consist 
of length, breadth, and thickness ; being otherwise called a 
Solid. A body is conceived to be formed or generated by 
the motion of a surface; in the same manner as a surface 
is by the motion of a line, and a line by the motion ofa 
point.—Similar bodies, or solids, are in proportion to each 
other, as the cubes of their like sides, or linear dimensions. 

Body, in Physics, or Natural Philosophy, is a solid, ex¬ 
tended, palpable substance; of itself merely passive, or ra¬ 
ther being tenacious either of motion or rest, but capable 
of any sort of motion or figure. 

Body is composed, according to the Peripatetics, of mat¬ 
ter, form, and privation; according to the Epicureans and 
Corpusculuriuns.ofaii assemblage of hooked, heavy atoms; 
according to the Cartesians, of a certain extension; and 
according to the Newtonians, of a system or association 
of solid, massy, hard, impenetrable, moveable particles, 
ranged or disposed in a certain manner; from which arise 
bodies of various kinds, and distinguished by particular 
names: these elementary or component particles of bodies, 
they assert, must be perfectly hard, so as never to wear or 
break in pieces; which, Newton observes, is necessary, in 
order to the world’s persisting in the same state, and boi|ics 
continuing of the same nature and texture in several ages. 

Body tifapltcecf Ordnance, the part contained between 
the centre of the trunnions and the cascabel. This should 
always be more fortified or stronger than die rest, to sus¬ 
tain the first or greatest effort of the powder. See Cannon. 

Body of the Place, in Fortification, denotes either the 
buildings inclosed, or more generally the inclosure itself. 
Thus to construct the body of the place, is to fortify or in¬ 
close the place with bastions and curtains. 

Body 0 / a Pump, the thickest part of the barrel or pipe 
of a pump, within which the piston moves. 

Bodies, Regular or Platonic, arc those which have all 
their sides, angles, and planes, similar and equal. Of these 
there arc only b ; viz, 

thoTctracdron, contained by 4 cquilutcral triangles; 

' the Hexaedron or cube, by 6 squares; 
the Ociaedrun, by 8 triangles; 
the Dodecaedron, by 12 pentagons; and 
the Icosaedron, by 20 triangles. 


To form the five Regular "Bodies, 

Let the annexed figures be exactly drawn on pasteboard, 
or stiff paper, and cut out by the extreme or bounding 
lines: then cut the others, or internal lines, only half 
through, so that the parts may be turned up by them, and 
then glued or otherwise fastened together with paste, seal¬ 
ing-wax, &c; so shall they form the respective body 
marked with the corresponding number; viz, ; the te- 
traedron, the hexaedron or cube, N*^3thcoctacdron, 
N° 4 the dodecaedron, and it*) 5 the icosaedron. 




To find the Superfeies or Solidity <f the Regular Bodies, 

1. Multiply the proper tabular area (taken from the fol¬ 
lowing tabic) the square of the linear edge of the solid, 
for the superficies. 

2. Multiply tKp tabular solidity by the cube of the linear 
edge, for the solid content. 

Table of the Surfaces and Solidities of the five Hauler 

_ Bodies, the linear edge being I. _ 

No.ofEacesI Names Surfaces. | Solidities 

4 Tetraedftn 17d2u5 011785 

6 Hexaedron 6*00000 I *00000 

8 Oclacdron 3*46410 0*47140 

12 Dodecaedron 20*64573 7*66318 

20 Icosaedron 8*66025 2*18169 


Names 

TetracdAn 

Hexai’dron 

Oclacdron 

Dodecaedron 

Icosaedron 


Surfaces. 

I *73805 
6-00000 
3-46410 

20*64573 

8*66025 
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For more particular properties, see each respective word. 
See also my large iMen^urntion, pa. 18 j,edit. 4. 

These bod it's were called Platonic, because they were 
said to have been invented, or fust In'ated ot, by Plato, who 
conceived certain mysteru s annexe d lo them. 

Bodiex, D scauof, See AcetLL u ation. 

BOt'IHlUS, or BOI/nUS, (a.m.t.s.), a Roman 
philosopher and matliematii ian, was descended of a patri* 
cian family, and born ut Padua in the 6th century. He 
studied at Athens, where he ad< 4 )ied the opinions of Ari* 
stotle; and, returning to Rome, was raised m the rank of 
senator and patrician, and even to the consulate, in 497* 
On (he entry of Thcodoric, king of the Crolhs into Home, 
500, Boethius pronounced his panegyric, in the name of 
the senate. He was consul in $i0 und 611; but, in 623, 
having remonstrated against the violence of 'I'heodoric, he 
was accused to that prince of having conspired with the 
emperor Justin against the Goths; and, being seized with 
his father*in-law Symenachus, he was conducted to Padua, 
and there beheaded by order of Theodoric, in 524, after 
6 months^ imprisonment.—Besides some books on mystical 
divinity, Bot^hius wrote 6 books on the Consolation of 
Philosophy, said to have been composed to soften the 
rigour of his confinement; a work which has been Inins- 
lated into mo^t other lHnguai;es> particularly inio Anglo* 
Saxon, by the illustrious Alfred. It seems that in his time 
they harl the use of the Arnbian arithmetic, with their ten 
numeral characien, which lio*cmployed, and from which 
our pre^nt numerals have been derived by several succes¬ 
sive variations. 

BOPFRAND (Gb&m a iK)i a celebrated French archi¬ 
tect and engineer, was born at Nantes in Bretagne, in 
1 G 67 . He wns brought up under Ilnrduiii Mansarad,who 
trusted him with conducting his greatest works. Boffrand 
was admitted into the French Academy of Architecture in 
1709 * Many German princ<*s chose him for their archi¬ 
tect, and raised considerable edifices on his plans. His 
manner of building approached that of Palladio; and 
there was much of grandeur in all his designs. As engi¬ 
neer and inspector-general of bridges and highways, he 
directed and constructed a number of canals, sluices, 
bridges, and other mechanical works. He published a 
curious and useful book, containing the general priuciples 
of his art; with an account of the plans, ]iroiileS| and ele¬ 
vations of the principal works which lie executed in 
France and other countries. BofTrand died at Paris in 
1755 , dean of the Academy of Architecture, first engineer 
and inspccior-general of the bridges and highways, and 
architect and administrator of the general hospital. 

BOILING, or Lbullitiok, *the bubbling up of any 
fluid by the application of heat. This is, in general, oc¬ 
casioned by the discharge of an elastic vapour through the 
fluid, which is then said to boil; and the same appearance 
IS observed, whether it be that of common air, flxed air, 
or steam, &c« It is proved by Dr« Hamilton of Dublin, 
in bis Essay on the ascent of vapour, that (he boiling of 
water is occasioned by the lowermost particles of it being 
heated and rarefied into vapour, or steam ; in consequence 
of this diminution of their specific gravity, they ascend 
through the surrpunding heavier fluid with great velocity, 
agitating and throwing up the body of water in their ascent, 
and giving it the tumultuous motion called boiling. 

That this is occasioned by elastic steam, and not by par¬ 
ticles of fire or air, ns soro^ have imagined, iseasily proved 
by the following simple experiment t Take a common 


drinking*glass filled with hut water, and invert it into a 
vessel of the same; then, as soon as the water in the vessel 
begins to boil, large bubbU*> will be seen to useend m the 
glass, by which the watorin it w ill be displaced, and there 
will soon be a continued bubbling from under its edge: 
but if the glass be (hen drawn up, so that its mouth may 
just touch the water, and i^^clolh wetted in cold water be 
applied to the outside, the elastic steam within it will be 
instantly condensed, on winch the waivr will ascend so us 
nearly to hll it again. Some small parts oi air &c, that 
may happen tu be lodged in the IIuid, may also perhaps 
be expelled, us well as the rare lied steam. And (his is 
particularly recommended as a method ol (luritying quick¬ 
silver, for more accurately making barometers and ther¬ 
mometers* If a vc*sscl Containing water be placed over a 
steady fire, the water will grow continually hotter, till it 
reaches the limit of boiling; after which, the regular ac¬ 
cessions of heat are wholly spent in convertingit iniostcam, 
or the steam carries ofl' the beat as fast as it is generated 
by the fire. The water therefore remains ut the same de¬ 
gree of temperature, however fiercely it may boil; the 
only difference is, that with a strong fire it sooner boils, 
and more quickly evaporates. Hence the reason why a vessel 
full of water, und plungi d into the centre of a larger one, 
which is likewise filled with that fluid, barely acquires the 
boiling heat, but will never actually boil. 

We commonly annex the idea of u certain very great 
degree of heat lo tbe boiling of li(|inds, though often %vith- 
out reason; for different liquids boil with different degrees 
of heal; and any one given liquid also, under dilferent 
pressures of the atmosplierc. Thus, a vessel of tar being 
set over the fire till it boils, it is said a person may then 
put his hand into it without injury: und by putting 
walcr under the receiver of an air-pump, and a])|)iying the 
flame of a candle or lamp under it, it will be found, by 
gradually exhausting (he receiver, that the water is made 
to boil with less and less <legrccs of heat: and without ap¬ 
plying any heut at all, the water, oreven the inoistureabout 
the bottom or edges of the receiver, w ill rise in an clastic 
vapour up into it, w hen (he exhaustion is nearly completed* 

Spirit of wine boilsstiU sooner in vacuo (ban water* And 
Dr. Frcind gives a table of tbo different times required to 
make severar fluids boil by the same hcaL See also Philos* 
Trans* 122. 

Every particular liquid has a fixed point of the ther¬ 
mometer, at which boiling taki^s place, and this is called 
the boiling point of (he liquid. Thus, water begins to^boil 
when heated to 212 degrees of Fahrenheit's scale* A 
strong heut makes it boil more rapidly, but do(*s not in¬ 
crease its temperature: a fact which wusfirst observed by 
Dr. Hooke* The annexed table 
shows the boiling point of a num¬ 
ber of liquids, under the common 
pressure of 30 inches of the baro¬ 
meter; for the heat and boiling 
point arc found to depend on the 
degree of pressure upon the li¬ 
quid. When the presstirois dimi¬ 
nished, the liquid boils at a lower 
temperature; when it is increased, 
a higher temperature is neC4*s- 
sary to produce ebullition. Frqm 
the experiments of Professor Ro¬ 
binson, it appears that, in a 
vacuum, all liquids boU at about 145* lower than in open 


Rxiici. DtnliMg |toiut« 


Mxhi'T 
Ammonia 
Alcohol - - 
^ValcT • - 

Muriat of lime 
Nitric acid - 
Sulphuric acid 
Phosphorus - 
Oil of turpentine SCO 
Sulphur - • - 570 

Linseed oil • - • (>00 
Mercury - . - CCO 


98 

140 

J7ff 

212 

230 

248 

600 

554 
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air, under a pressure of 30 inches of mercury : therefore 
water would boil in vacuo at 67® and alcohol at 34®. In 
Papin's digester, the temperature of water may be raised 
to 30()oi°40() degrees, without ebullition; but the mo¬ 
ment that the jm-ssure is removed, the boiling commences 
with the greatest violence. 

The mixture of various salts with water affects its boiling 
point considerably ; as appears from Mr. Achard’s expe¬ 
riments recorded in the Berlin Memoirs for 1785. He 
found that a saturated solution of murial of soda raised the 
boiling point I0'35 degrees; one of muriat of ammonia 
raised it 9’79 degrees; one of carbonat of potass raised it 
1 1’2 degrees ; wliile a small <juantity of borax lowered 
1'35 degrees; ditto ofsulphat of magnesia lowered it2‘47 
degrees; aii<l sulplial of lime in any proportion lowered it 
2*02 degrees. 

BOMB, in Artillery, a shell or hollow ball of cast-iron, 
having a large vent, by which it is filled with gun-powder, 
and which is fitteil with a fuze or hollow plug to give fire 
by, when thrown out of a mortar, Sec. About the time 
when the shell arrives at the intended place, the composi¬ 
tion in the pipe of the fuze sets fire to the powder in the 
shell, which blows it in pieces, to the great annoyance of 
the enemy, by killing the people, or firing the houses,&c. 
They arc now commonly called Shells simply, in the Eng¬ 
lish artillery. 

These shells, or bombs, are of various sizes, from that of 
17 or 18 inches diameter downwards. But these very large 
ones arc not used by the English, that of IS Inches diame¬ 
ter being the greatest size now employed by them; the 
weight, dimensions, and other circumstances of the 13-inch 
shells, and of those downwards, are as in the following 


tabic. 


Ditmeier of 
the Shell. 

Weight of 
the Shell. 

PowOer to 
fill them* 

Powder to bunt 
them into moit 
piccef. 


Ib«. 

lb. Qi* 

lb. 

10 inch 

195 

9 4i 

7 a 

10 1 

69 

4 14| 

0 4 

6 

46 

9 0| 

9 0 

5{ RovbI 


1 14 

0 14 

0>uom 

- n 

0 6 

0 7 


Mr. Muller gives the following proportion for all shells. 
Dividing the diameter of the mortar into 30 equal parts, 
then the other dimensions, in 30ths of that diameter, will 


be thus: 

Diameter of the bore, or mortar 
Diameter of the shell - - - • 

Diameter of the hollow sphere • - • 

Thickness of metal at the fuze hole - • - 

Thickness at the opposite part - - 

Diameter of the fuze hole • - - . - 

Weight of shell empty _ - - - 

Weight of powder to fill it - 
where d denotes the Cube of the diameter of the bore in 
inches^'^But shells have also lately been made of the same 
thickness of metal throughout. 

In general the windage, or difference between the di¬ 
ameter of the shell and mortar, is ^ of the latter; also 
the diameter of the hollow part of the shell >1^9 of the 


30 

S9i 

21 

3i 

5 

4 


same. 

Bombs arc thrown out of mortars, or howitzers; bxit 
they may also be thrown oi^t of cannon; and a very small 
sort are thrown by the band, which ere called granados: 
and the Venetians at the siege of Candia, when the Tnrks 
had possessed themselves 6f the ditch) used largo bombs 


without any piece of ordnance, barely rolling them down 
upon the enemy along a plank set aslope, with ledges on 
the sides to keep the bomb directly forward. 

Mr. Blondel, in his Aridejetter dcs Bombes,says the first 
bombs were those thrown into the city of Watcbtendonch 
in Gueldcrland, in 1588 ; and they are described by our 
countryman Lucar, in bis book on Artillery published this 
same year 1588; though it is pretended by others that 
they were practised near a century before, namely at the 
siege of Naples in 1495. They only came into common 
use, however, in 1634, and then only in the Dutch and 
Spanish armies. It is said that one Malthus, an English 
engineer, was sent for from Holland by Lewis the 14th, who 
Used them for him with much success, particularly at the 
siege ofCohoure in l642. 

The art of throwing bombs, or shells, constitutes one of 
the chief branches of Gunnery, founded on the theory of 
projectiles, and the quantities and laws of the force of gun¬ 
powder. And the principal writers on this art arc Mess. 
Blonde!, Guisliec, De Rcssons, De La Hire, &C. 

Bomb-Chest, is a kind of chest usually filled with 
bombs, and sometimes only with gunpowder, placed under 
grounil, to be blown up into ibe air with those who stand 
upon it; being set on fire by means of a saucissee fastened 
atone end. But they arc now much out of use. 

BOMBARD, an ancient piece of ordnance, now out of 
use. It was very short and thick, with a large mouth; 
some of which threw balls of 300 pounds weight, requi¬ 
ring the use of cranes to load them. The Bombard Is by 
sonic c.illc<l busilitk, and by the Dutch dondcrlnu. 

To BOMBARD, is to attack by throwing of bombs, or 
shells. 

BOMBARDIER, apersonemployed Inihrowingbombs 
or shells. He adjusts the fuze,and loads and fires themortar. 

BOND (Henry), was an intelligent mathematician, 
and a teacher of navigation at Ratcliff, near London, in 
the early part of the l7lh century. In the course of his 
nautical concerns be interested himself much about the 
magnelical needle, its variation and inclination. The varia¬ 
tion of the magnetic needle was first observed by John 
Moir, then by Edm. Gunter, next by Hen. GaUibranil) 
and then by our nutlior Bond. In the year 1657 there 
was no variation at London; before that time it had been 
eastwards, as observed by several of those persons, but gra¬ 
dually decreasing, or the ni’edlo moving westwards, till it 
pointed'duc north in that year l657; ever since it has been 
travelling westwards, but at unequal rates, till now, in 
1812, it has arrived at above 24® west variation, and ap¬ 
pears to be nearly stationary, after which it will probably 
return eastward again; according to which rate of motion, 
the magnetic needle, or pole, appears to perform an entire 
circular revolution in about o20 years. Besides the 
changeable variation cast and west, the needle was also 
found to have a changeable inclination, or dip below the 
horizon; and on this last change it was that Mr. Bond 
founded his method of finding the lon^tude; which how¬ 
ever has failed, as might be expected. On this method he 
published a book, called The Longitude found, printed at 
London 1676 , in 4to. He here states, as his prediction, 
after many boasting and empirical pretensions, what would 
be the latitude, and longitude, and the inclination of the 
needle, in many of the most noted places on the earth, in 
the year 1676 ; also another talile of the latitude of the 
magnetic pole, answering to every 5 minutes in tbeincK- 

natioB of the needle. He also had inserted in the Pailos. 

. • 
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Trans. No. 40, of iheyear iGfiS, or pa. 282, vol. 1, of my 
Abridgment, a table of the needle's variation at London, 
for every year from l608 to 17 lb, when he states it at 
9^ 17i'. 

Dr. Birch slates that Sir Charh s Cavendish, brother to 
William, marquis, and afterw ards duke of Newcastle, in an 
original letter ot his from Antwerp. Nov. 18, 10'48, to Mr. 
Joltn Pell, then profrs'or of mathematics at Breda, roen- 
liofis Mr. Bonil as an old mnthtmalician at London, a 
humble man, who speaks, says he, very meanly of himself, 
and “ yet he found an easy and short demotistralioti of 
that proposition concerning spherical tiiangUs, which Mr. 
Oiighlrcd demonstrated first, who told me, Sir. Bond's 
dsnionstration was shorter.” Sir Charles adils, that Mr. 
Bond was in hopes of finding the lonnitiide by the load¬ 
stone ; and his treatise on tliat subject, entitled “ The 
Longitude found,” was printed at London 1676', in 4to. 

Bond's scheme for the longitude was soon opposed, a 
book being published at London in l678, c.Tllcd “The 
I/ingitude not found,” written by one Beckborrow. And 
indeed as Bond’s hypothesis did not in anywise answer its 
author's sanguine expectations. Dr. Halley also undertook 
this affair; and from a multitude of observations concluded, 
that the magnetic needle was influenced by four poles. Mis 
speculations on this subject are in the Philos. Trans. No. 
1+8 and 11)5. But this wonderful phenomenon seems to 
have hitherto eluded all researches. However, Dr. Halley, 
in 1700, published a general map, on which were deli¬ 
neated curve lines, showing the paths where the magnetic 
jiccdlc had the same variation. The positions of these 
curves will indeed continually suffer alterations, requiring 
to be corrected from time to time, as they have since been 
for the years 1744 and 175(). by two ingenious persons, 
IVilliam Mounlaiiic and James Dodson; the latter of 
whom died not long after he had been chosen, for his me¬ 
rit, tnalhematicul master at Christ's Hospital, in London. 

RONES, SeeN.sPiER. 

BONING, in Surveying and Levelling, &e, is the pla¬ 
cing three or more rods or poles, all of the same length, in 
or upon the ground, in such a manned that the lops of 
them be nil in one continued straight lino, whether it be 
horizontal or inclined, so (hat the eye can look along the 
tops of them all, from one end of the line to the other. 

BONNET, in Fortification, a small work of two faces, 
having only a parapet, with two rows of palisadocs at about 
10 or 12 feci distance. It is commonly placed before the 
saliiaiit angle of the counterscarp, and having a communi¬ 
cation with the’ covered way, by means of a trench cut 
through the glacis, and palisndoeson each side. 

Bokket d l*retre, or Priat't Cap, is an outwork, hav¬ 
ing three salllaiit angles at the head, besides two inwards. 
It differs from the double (enaillc only in this, that its 
sides, instead of being parallel, become narrower, or closer, 
at the gorge, and opening at the front; from whence it is 
culled Queue d'arotidc, or swallow’s tail. 

BOOTES, a constellation of the northern hemisphere, 
and one of the 48 old ones; having 23 stars in Ptolemy's 
catalogue, 28 in 'I'ycho's, 34 in Bayer's, 52 in Hcvelius's, 
and 54 in Flamsteed's; of which one, in the skirt of the 
coat, is of the first magnitude, and called Arcturus. 

Bootes is represented as a man in the posture of walking; 
his right hand grasping a club, and his left extended up¬ 
wards, and holding the coni of the two dogs which seem 
barking at the Great Bear. 

This eoDstellalioD is called by various other names; as 
Vot. I. 


Areas, Arctophylax, Arcturus-Minor, Bubulcus, Bubu- 
lus, Caiiis-Laimnb, Clainaior, Icurus, Lycaun, Philoim- 
lus, Plauitri-Cnslos, I’lorans, Tliegiiis, and Vocifemtoi ; 
by Hesychius it is called Orion, aiul by the Arabs, .4ra- 
mech, or Archamoch. Schiller, instead of Bootes, makes 
the figure of -St. Sylvester ; Schickliard, that of Nimrod ; 
and Weigelius, the three Swedish crowns. See Wolf. Le.t 
Math. p. 266’. 

BORD.^ (Ciiaui.es), a celcbraiod Trench matlicnia- 
tician and philosopher, died in I7.0<), iii (lie 6 4th year ol 
his age; in whom the National Institute, and the Parisian 
Board oi Longitude, lost one of tlieir most learned and 
active members. Borda very early gave proofs of bis 
eminent mathematical talents; as appears by his many e.v- 
cellent tracts inserted in the Memoirs of the Royal Aca¬ 
demy of Sciences, on a variety of abstruse subjects ; on hy¬ 
draulics, on the resistance of fluids', on water-wheels, on 
pumps, on the projection of military shells, and their re¬ 
sistance by the air. 8tc. 

In 1771 ami 1772, by order of the kinc, he accompanied 
La Creime ami Piiigre, on a literary voyage to various 
coasts of Europe, Africa, and America, for improving the 
science of geography, and for trying several new nautical 
instruments, timc-piec(>$, and methods of ffading the lon‘'i- 
tude. The three travellers afterwards published conjointly, 
in 2 volsAio, 1778, an account of the fruit.s of their nu¬ 
merous researches; in which Borda's share was certainly 
nut the smallest. The results of this e.vpedition arc also 
recorded in the Memoirs of the Academy lor thcye.ir 1773. 

In the year 1787, he published his mucli-cstecmed De¬ 
scription and Use of the Circle of Reflection ; in w liich he 
revived and recommended the use ol the sperulur circles 
which had been proposed in 1/56 by Tobias .Mayer. Borda 
was the founder of the schools of naval architecture in 
France: he first conceived the project, and formed the 
plan of instruction, with the regulations for those semi¬ 
naries. By his exertions too, a uniformity in the building 
of the ships was introduced, according to the principles of 
Eulcf, by which improvement, an equality of sailing was 
effected in all the ships of the royal navy. Hence, the form 
of the French ships, being constructed on mathematical 
principles, is clearly preferable to that of the ships of the 
other naval powers; being the most advantageous, and the 
best adapted for fast sailing, and for muiimuvring, 

Borda also brought into use Mayer's old method 
of measuring terrestrial angles, applied it to astro¬ 
nomical observations, and, for that purpose, invented a 
new construction of circles, with double moveable tele¬ 
scopes, which have been used in the new measurement of 
degrees in France. He was also the inventor of the in¬ 
genious mensuration rod, with which thcnewsinlion-lines 
were measured ; and he had the chief share in the reform 
of weights and measures ; of which be was so zealous a 
promoter, that he printed, at his own expense, Tables of 
Sines,&c, on the decimal system. In 1792 he determined, 
with an accuracy perhaps never before attained, the length 
of the pendulum vibrating seconds at Paris. In 1797, we 
find bis name in the list of candidates for tho office of 
Director of the French Republic. 

BOR E, of a gun, or other piece of ordnance, is the chase, 
cylinder, or hollow part of the piece. 

BOREAL Signs, are the first sLx signs of the Zodiac, 
or those on the northern side «f the equinoctial; viz, the 
signs 'tr> arics, B taurus, n gemini, ts cancer, leo, tn 
Virgo. 
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BOREALIS, Aurora. Sec Aurora Borealis. 

BORKLLI (JoHv Alphokso), a ccicbraled philoso¬ 
pher and nialheniatician, born at Naples the 28tli of Jan. 
1608. lie was professor of philosophy and mathematics 
in some of the most celebrated universities of Italy, par¬ 
ticularly at Florence and Pisa, where he became highly in 
favour with the princes of the house of Modicis. But hav¬ 
ing been concerned in the revolt of Messina, he was 
obliged to retire to Rome, where he spent the remainder 
of his life under tlic protection of Christina queen ot 
Sweden, who honoured him with her friendship, and by 
her liberality towards him softened the rigour of his hard 
fortune, lie continued two years in the convent oi the 
regular clergy of St. Pantaleon, called the Pious Schools, 
where he instructed theyouth in thcinatheinutical sciences. 
And this study he prosecuted with great diligence for many 
years afterward, as appears by his correspondence with 
several ingenious mathematicians of his time, anti the fre¬ 
quent mention that has heen made of him by others, who 
have endeavoured to do Justice to his memory. He wrote 
a letter to Mr. John Collins, in which he discovers his 
great desire and endeavours to promote the improvcuient 
of those sciences: he also speaks of his correspondence 
with, and great affection for, Mr. Henry Oldenburg, Se¬ 
cretary of the Royal Society ; of Dr. Wallis ; of the ihoii 
late learned Mr. Boyle, and lamented (he loss sustained 
by his death to the commuDwealth of learning. Mr. Bax¬ 
ter, in his Enquiry into the Nature of tlie Human Soul, 
makes frequent use of our author's bonk De Motu Aniina- 
liuni, and tells us, tiint he was the (irsl who discovered 
that the force exerted within the body prodigiously ex¬ 
ceeds the weight to be moved witlioiit, nr that nature cin- 
loys an immense power to move a small weight; He hc- 
nowlcdgcs, however, that Dr. James Kcil had shown that 
Borelli was mistaken in his calculation of the force of the 
muscle of the heart; but that he nevertheless ranks him 
with the most authentic writers, and says he is seldom mis¬ 
taken ; and, having remarked, that it is so far from being 
true that great things arc brought about by small powers, 
that, on the contrary, a stupendous power is manifest tn 
the most ordinary operations of nature, he observes that 
the ingenious Borelli first observed this in animal motion ; 
and lliat Dr. Stephen Hales, by a course of experiments in 
his Vegetable Statics, had shown the same in the force of 
the useending sap in vegetables. And this circumstance, 
that nature employs a very great power, or force, in the 
animal frame, to move a small weight, we may here ob¬ 
serve, is owing to the levers in the animal frame being all 
necessarily of the third kind, the power acting very near 
the centre of motion, and the weight at a comparatively 
great distance from it. 

After a course of unceasing labours, Borelli died at Pan¬ 
taloon of a pleurisy, the Slst of December 1679, at 73 
years of age. 

Beside several books'on physical subjects, Borelli pub¬ 
lished the following mathematical ones : viz, 

1. Apollonii Pergtei Conicorum Lib. 5,6, and 7. Floren. 
l66l, fol. 

S.Thcuri.TMedicorum Planctarura ex causisphysicisde- 
ductse. Flor. l666,4to. 

3. Dc Vi Percussionis. Bologna, 1667,4to.—This piece 
was reprinted, with his celebrated treatise Do Motu Ani- 
mnlium, and that other De Motionibus Naturalibus, in 
1686. 

4. Euclides ResUtutus, &c. Pisa, 1668, 4to. 


5. Osscrvaiioncintornoallavistuincgoali degli Occi.— 
This piece was inserted in the Journal of Rome, for the year 

1669 - 

6. Dc Motionibus Naturalibus de Gravitate pendentibus. 
Ilegio Julio, 1670, 4to. 

7. Metecirologia Actnea, Acc. Regio Julio, I67O, 4to. 

8. Osservatione dcU’ Ecclissi Luiiarc, 11 Gennaro 1675. 
—Inserted in the Journal of Rome 1675, p.3-k 

9. LUmeiila Conica Apollonii Pergaji, cl Archimedis 
Opera, nova cl breviori mclhodo demonstrata—Printed at 
Rome in I679, in ISmo, at the end of the 3d edition of 
his Euclides Reslitutus. 

10. De Motu Animalium. Pars prima in I68O, and 
Pars altera in I68I, 4lo.—These were reprinted at U-ydon 
1685, revised and purged from many errors ; with the ad¬ 
dition of John Bernoulli’s Mathematical Meditaliuiu con¬ 
cerning the Motion of the Muscles. 

11. At Leyden, 1686, in 4to, a more correct and accu¬ 
rate edition, revised by J. Broeii, M. d. of Leyden, of his 
two picci-s, i)e Vi Percussionis, et Dc Motiouibus deGta- 
vitale pendentibus. 

BORELLI (Pcter), who flourished about the middle 
of the 16th century, appears to have been a native of MidM- 
dieburg, capital of the island of Wnichcrcii and all Zea¬ 
land; and was counsellor and physician in ordinary to hia 
most Christian majesty. He wrote two ircatise-s on the 
telescope and microscope, printed at the Hague, in 1655 
and lOaO. The former is a very full and particular trea¬ 
tise on the history of the invention of those very useful in¬ 
struments; which, byatrain of strung evidence heascribes' 
to Zachariah Jansen, a spectacle-maker of Middleburg, in 
1590.* He gives a particular account of the pretensions- 
that have been ascribed to all the other persons tiiat have 
been named as the inventors; the whole forraiug u very 
interesting history of ihc invention. The chief lo«ly of evi¬ 
dence it seems he received from a Wm- Borelli, of the same 
city, some time ambassador in England; but whether any 
relation of Peter's docs not appear. 

The firat volume consists ol two parts: the former treat¬ 
ing of the Invention itself; and the latter of the fabric^ 
construction, and uses of the instruments. The spcood 
volume contains ihc account and appearances of one hun¬ 
dred minute objects, as viewed by Ihc microscope. The 
volumes arc both neatly printed in 4to, by Adrian Vlacq» 

at the Hague. * 

BOSCOVICH (Roger Joseph), an eminent mathe¬ 
matician and philosopher, was born May lllh, I7ll» 
Rngusa, He studied Latin grammar in the schools which 
were taught by the Jt*suils in his native city, until 1725, 
when, in consistence with a maxim of the Jesuits to send 
their most eminent pupils to Rome for the completion of 
their education, he was removed to that city. After this 
he soon acquired very great reputation for his eminent at¬ 
tainments in divinity and science: at three successive pe¬ 
riods he became professor of mathematics and astronomy 
at Rome, at Pavia, and at Milan. When the order of Je¬ 
suits was suppressed he was invited to Paris, and received 
the place of director of the optical instruments of the ma¬ 
rine. Previous to this however ho bad been employed, in 
conjunction with Mayer, in measuring a degree of the meri¬ 
dian in Italy, and correcting the maps of the Papal estate. 
He published, in 1755, an interesting account of the expo* 
dition in which these objects were effected. ■ He had also 
been employed in adjusting a disagreeable affair between 
the republic oHLucca and the regency of Tuscany, and in a 



B O U 


B O U 


' r 243 ] 


similar business between the republic of Ragusa and the 
court of Gieat Britain^ which brought him to London, 
where ho soon became acquainted with the most cinineiU 
of the Hnglish philosopluTS. During liis stay he was 
ciected a fellow of the Royal Society, oiiJ he dedicated to 
iliat learned body his Poem on Eclipses, uliich containsa 
neat compendium of astronomy* He remained at Paris 10 
years, where he was much icspccted ; but, being a fo¬ 
reigner, his celebrity was envied: this, together with the 
irrt ligion which then prevailed among many of the French 
philosophcrsi was disagreeable Co him, so that he obtained 
leave of absence to revisit his friends in Italy* The first 
place he resided at for any considerable length of time in 
Italy, was Bassano, where he published his OpuscuUsy in 
five volumes 4to, composed in Latin, Italian, and French; 
and containing a variety of elegant and ingenious disqui¬ 
sitions connected with astronomical and optical science* 
From Bassano our author went to Rome, and thence to 
Milan, where he took up bis abode; being in the neigh¬ 
bourhood of his favourite observatory at Drera* Here 
he continued to enjoy the pleasures of study, and occasi¬ 
onally the society of many respected friends* His unwil¬ 
lingness to leave Italy, and at the same time a solicitude 
to avoid the charge of ingratitude from the French 
nation, occasioned him great perplexity of mind, which 
was followed by deep melancholy, a disordered imagina¬ 
tion, and at length direct madness* During the heat of 
delirium, he frequently exclaimed that he would die poor 
and inglorious* He had indeed some short lucid moments, 
and once there were hopes of bis recovery; but he soon re* 
lapsed, and an imposthumc, breaking in his breast, put an 
end to his mortal life the 13th of Feb. 1787* in his 76ih 
year. He was interred decently, but without pomp, in 
the parochial church of S. Maria Pedrone* Such was 
the exit/' says Fabroni, of'tl^js sublime genius, whom 
Rome honoured as her master; whom all Italy regarded 
as her ornament; and to whom Greece would have erected 
a statue, had she for w'ant of space been obliged even to 
throw down some of her lieroos/' The works of this me* 
morublo man arc the following;~1* Elements of Mathe¬ 
matics, with a Treatise on Conic Sections. 2* His many 
Dissertations published during bis professorship in the Ro¬ 
man College. 3. His Account of the Survey of the Pope's 
Estqte. 4. A curious and elegant Poem on Solar and Lu¬ 
nar Eclipses. 5* The five volumes published at Bassano* 
6. His Ilydrouamical Pieces* 7* A T^icory of Natural 
Philosophy* 

BOUGUER (Petce), a celebrated French mathemati¬ 
cian, was born at Croisic, in Lower Bretagne, the 10th of 
February 1698* He was the son of John Bougucr, Pro¬ 
fessor Royal of Hydrography, a tolerably good mathema¬ 
tician, and author of A complete Treatise on Navigation* 
Young Boil^uer was accustomed to learn mathematics from 
his father, from the time he was able to speak, and thus 
became a proficient in those sciences while he was yet a 
child. He was sent very early to the Jesuits’ college at 
Vannes, where be bad the honour to instruct his regent in 
the mathematics, at eleven years of age* 

Two years after this be had a public contest with a pro¬ 
fessor of mathematics, on a proposition which the latter 
Iiad advanced erroneously; and be triumphed over him; 
00 wbicb the professor, unable to bear the disgrace* left 
the country* 

Two years after this, when young Bougucr had n<it yet 


finished his studies, he lost his father; whom he was ap¬ 
pointed to succeed in his office of liydrographer, after a 
public examination of his qualifications; being ihvn only 
15 ycurb of age; an occupation which he discliarged uiiti 
great respect and dignity at that early age. 

At the age of 28 in 1727 he obtained the prize proposed 
by the Academy of Sciences, for the best way of maslitig 
of ships* This first success of Bougucr was soon after fol¬ 
lowed by two others of the same kind; he successively 
gained the prizes of 1729 and 1731; the former, for llic 
best manner of observing ht sea the height of tbe stars; and 
the latter, for the most advantageous way of observing the 
declination of the magnetic needle, or the variation of the 
compass. 

In I720f he gave an Optical Essay upon tbe Gradation 
of Light; a subject quite new, in which he examines the 
intensity of light, and determines its degrees of diminution 
in passing through dificrcut pellucid mediums, and parti¬ 
cularly that of the sun in traversing the earth's atmosphere. 
Mairan gave an extract of this first essay in the Journal 
des Savans, in 1730. 

During this year, 1730, he was removed from the port 
of Croisic to that of Havre, which brought him into a 
nearer connection with the Academy of Sciences, in which 
be obtained, in 1731* the place of associate geometrician, 
vacant by the promotion of Maupertuis to that of pen¬ 
sioner; and in 1735 he was promoted to the office of pen¬ 
sioner-astronomer. The same year he was likewise sent oa 
the commission to South America, along with Messieurs 
Godin, Condaminc, and Jeuxsieu, to determine the mea¬ 
sure of the degrees of the meridian, and the figure of the 
earth* In this painful and troublesome business^ of 10 
years' duration, chiefly among the lofty Cordelier moun¬ 
tains, our author determined many other new circum¬ 
stances, besides the main object of the voyage; such as the 
expansion and contraction of metals and other substances^ 
by the sudden and alternate changes of heat and cold 
among those mountains; observations on the refraction of 
tbe atmosphere from the tops of the same, with (he singu¬ 
lar phenomenon of the sudden increase of the refraction, 
when the star can be observed below the line of the level; 
the laws of density of the air at difierent heights, from ob¬ 
servations made at difierent points of these enormous moun¬ 
tains; a determination that the mountains have an ctfect 
on a plummet, though he did not assign the exact quan¬ 
tity of it; a method of estimating the errors committed by 
navigators in determining their course; a new construction 
of the log for measuring a ship's way; with several other 
qscful improvements. 

Other inventions of Bougucr, made upon difierent oc¬ 
casions, were as follow: The heliomcter, being a telescope 
with two object glasses, olTordiug ;i good method of mea¬ 
suring the diameters of the larger planets with esse and 
exactness: his researches on the figure in which two lines 
or two long ranges of parallel trees appear: his experiments 
on the famous reciprocation of the pendulum : and thosq 
upon the manner of measuring the force of light; &c,&c* 

The close application which Bougucr made to study, 
undermined bis health, and terminated his life the 15th of 
August 1758, at 60 years of agc.«^His chief works, that 
have been published, arc, 

1. The Figure of the ^rtb, determined by the observa¬ 
tions made in South America; 1749, in 4to. 

2* Treatise on Navigation and Pilotage; Paris, 1752 , 
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in 4 to. This work hsis been abridgcil by M. La Caillc, in 
1 volunu', 8vo, 1768. 

3. Treatise on Ships, iheir Constriicliou and Motions; 
in 4to, 17.>b. 

4. 0(>lical Treatise on the Grailation of Light; first in 
1729; thett a new edition in 17bO, in 4to. 

His papers that were inserted in ilic Memoirs of the 
Academy, arc very numerous anti important: as, in the 
Memoirs lor 1720, On the Comparison of flie force of the 
solar and lunar light with that of candU-s.—1731, Obser¬ 
vations on tlio curvilinear motion of bodies in mediums.— 

1732, On the new curses called the Lines of Pursuit.— 

1733, To determine the species of conoid, to be conducted 
on a given base which is exposed to the action of a fluid, 
so that the impulse may be the least possible.—Determi¬ 
nation of the orbit of comets.—1734, Comparison of the 
two laws which the earth and the other planets must ob¬ 
serve under the figure which gravity causi s lln m to take.— 
On the curve lines proper to form the arches in domes.— 
1735, Observations on the equinoxes.—On the length of 
the pendulum. —1736, On the length of the pemlulnm in 
the torrid zone.—On the manner of determining the figure 
of the earth hy the measure of the degrees of latitude and 
longitude.—1739, On the astronomical refractions in the 
torrid zone.—Ohsenations on the lunar eclipse of the Sih 
of September 1737, made at Quito.—1744, Short account 
of the voyage to Peru, by the members of the Royal .Aca¬ 
demy of Sciences, to measure the degrees of llic meridian 
near the equator, and from thence to determine the figure 
of the earth.—1745, r.xperiments made at Quito, and di¬ 
vers other places in the torrid zone, on the expansion and 
contraction of metals by heat and cold.—On the probleio 
of the masting of ships.—1746, Treatise on ships, their 
structure and motions.—On the impulse of fluids \ipon 
the fore parts of pyramidoids having their base a tnipe- 
ziuni.—Continuation of the short account given in 1744, 
of the voyage to Peru for measuring the earth.—1747, On 
a new con'.triiction of the log, and other instruments for 
measuring the run of a ship.—1748, On the diameters of 
the larger planets. The new instrument called a Hclio- 
mcler, used for determining them; with observations of 
the sun.—Observation on the eclipse of the moon the 8th 
of August 1748.—1749, Second memoir on astronomical 
refractions, observed in the torrid zone, with remarks on 
the manner of constructing the tables of them.—Figure of 
the cartii determined by MM. Douguer and Condamine, 
with an abridgment of the expedition to Peru.—1750, Ob¬ 
servation of the lunar eclipse of the 13th of December 
1750.—1751, On the form of bodies most proper to be 
assumed for their revolution, when they are urged at one 
of their extremities, or any other point,—On the moon's 
parallax, with the estimation of the changes caused in the 
parallaxes by the figure of the earth.—Observation of the- 
lunar eclipse, the 2d of December 1751.—1/52, On the 
operations made by seamen, called Corrections.—1753^, 
Observation of the passage of Mercury over the sun, the 
Ctjiof May 1753.—On the dilatations of the air in the at¬ 
mosphere.—New treatise of navigation, containing the 
theory and practice of pilotage, or working of ships,— 
1754, Operations, &c, for distinguishing, among the dif¬ 
ferent determinations of the degree of the meridian near 
Paris, that which ought to be preferred.—On the direction 
which the string of a plummet takes.—Solution of the 
chief problems in the working of sbjps>—1755, On theap- 
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parent magnitude of objects.—Second memoir on the chief 
problems in the working of ships.—1757, Account of the 
ireatise on the working of ships.-^On the means of mea¬ 
suring the light.—1758, His Lulogy. 

In the volumes of the prizes given by the academy, are 
the following pieces by Bouguer: 

In vol. 1, on the masting of ships.—Vol. 2, On the me¬ 
thod of exactly observing at sea the height of the stars; 
and the variation of the compass. Also on the cayse of 
the inclination of the planets’ orbits. 

BOULTINE,in Architecture, a convex moulding, of a 
quarter of a circle, and placed next below the plinth in 
the Tuscan and Doric capital. 

BOURNE (\Vm.), was a useful and ingenious writer on 
navigation about the midille of the l6th century. In 1567 
WHS published whui he calls “ Rules of Navigation,” as ap¬ 
pears from his Almanac, printed in 1571. And in 1577 
was published his “ Regiment for the Sea," ilesigneci as a 
supplement to Cories, whom he often quotes. Besidr-a 
many things common with others, Bourne gives a table of 
the places and declinations of 32 principal stars, by which 
to find the latitude and hour; as also a larger tide-table 
than that published by Leonard Digges, in 1556. ^1*1^ 

shows, by considering the irregularities in the moon'smo-^ 
tion, the errors of the sailors in finding her age by the epaci; 
as also in their tlclermining the hour from observing on 
what point of the compass the sun and moon appeared. 
He advises, in sailing towards high latitudes, to keep the- 
reckoning by-lhe globe; as there the plane chart errs most. 
He despairs <ff our ever being able to find the longitude hy 
any instrument, unless the variation of the compass should 
be caused by some such altraciivc point as Cortes had 
imagined. Though of this be doubts: and as he had 
shown how to find the variation of the compass at all 
times, he advises to kcep|Qn account of the observations, 
as useful to discover the place of a ship: which advice the 
famous Simon Slevin prosecuted at large, in a treatise pub¬ 
lished at Uyden in 1599, entitled “Portmim invesiigan- 
dorum Ratio Metaphrasto Hugonc Grotio;” the substance 
of which was .the same year printed at London, in F.nglish,. 
by Edw. Wright, entitled “ 1 he Haven-finding Art." 

But the most remarkable thing in this ancient tract is^ 
the describing of the way by which our sailors estimated 
the rate a ship made in her course, by an instrument called 
the Log; an instrument so named from the wooden log 
that floats in the water, while the time is reckoned during 
which the line fa.stcned to it is veering out. Tho origin of 
this device is not known; and it seems no further mention 
was made ofit till l607,innn Eost-India voyage, published 
by Purchas; bnt from .that time its name occurs in oihet 
voyages, among his collections. And henceforward it was 
often noticed, by foreigners'as well as our authors; 
as by Gunter in 1623, Snellius in 1624, Me^s in l681^ 
Ougbtred in l633, Herigone in 1634, Sahonitall-in l636» 
Norwood in 1637, Fournier in 1643; and indeed-by most 
succeeding writers on navigation of- every country. And 
it still continues to be in use as at first, though attempts 
have often been made to improve'it, ond other contrivances 
proposed to supply its place, 'Many of these have suc¬ 
ceeded in quiet water, but proved useless in a troubled sea. 
See our article Loo. 

A following edition of this book was revised the au¬ 
thor; among the additions to which, he enlarges on the 
account of the log-line; and at the end subjoins a** 
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tJrograplucal Discourse touching the five several Passages 
into Cathay.” Bourne published other tracts also; as, one 
eutillcd “ Inventions or Devises;” where he describes a 
method, by w heel- work, of measuring the velocity of a ship 
at sea; an artifice which he attributes to one llumfreyCole. 

BOW, an ortensivc we.<pon made of wood, horn, steel, 
or other elastic matter, by which iirnnvs are thrown jjith 
great force. This instrumont was of very general use 
among the ancients, and is still found among all savage 
nations unacquainted with the use of fire-arms There arc 
two species of the Bow, the Long and the Cross Bow. 

The Long Bow is simply a.how, or a rod, with a string 
fastened to each end of it, to the middle of which the end 
of an arrow being applied, and then »lrawn by the hand, 
on suddeiil) quitting the hoUl, the bow returns by means 
of its eU'ticity, and impels the arrow ftom the string with 
great violence. The old English archers were famous for 
liie long bow, by means of which they gained many victo¬ 
ries in I’jance and other countries. 

The C/m» Boa., callcrl also .-\i hnh-st or .Arhalet, is a bow 
slruug and set in a sliafl of wood, and furiiisheil with a 
trigger; serving to throw bullets, dsirts, and large arrows, 
\Q, 'I he ancients bad large machines for throwing many 
arrows at ouce, called A^rbalet'^ or Bali>t». 

The force of a bow may be calculated on this principle, 
that its spring, i. e. the power by which it roton-s itself to 
its natural pusiliuii, is always proportional to the space or 
distance it is bent or removed from it. 

Bow, n mathematical instrniucnl formerly used at sea 
for taking the sun’s altitude. It consisted of a large arch 
divided into 90 degrees fi'^cd on ustalT, and furnislied wills 
three vanes, via, a side vane, a sight vane, and another 
called the horwoii vane. ^ 

Bow-Cbw/ioji, an instrument for draw ing arches of very 
large circles, for wliicli the common compasses arc too 
small. It consists of a beam of wooi! or brass, with lliiee 
long screws tiuil govern or bend a lath of wood or steel to 
any arch. 

BOX AND Nkeolf., the small compass of a theodolite, 
circumferentor, or plum-table. 

BOYAU, in Fortificdlion, n ditch covered by a para¬ 
pet, and serving as a comraiinicatUm between two tr« nchcB. 
It runs paralUd to tlie works of the body of the place, and 
serves us a liue of cuiilruvallutioii, both to hiruler the sal¬ 
lies of the bcMegcti, and to secure the milters. When it is 
a particular cut running from the trenches,.to cover sonic 
spot of ground, it is drawn to as not to be enfiladed or 
scoured by the enemy’s shot- 

BOYLE (lloBtRf), one of the greatest philosophers, as 
well as best men, that any country has ever produced, was 
the 7th son and the 14th child of Richard carl of Cork, 
and was born at Lismorc in the province of Munster in 
Ireland, the 25lh of January, 1026-7; the very year of the 
death of the learned luird Bacon, whose plans of experi¬ 
mental philosophy our author afterwards so ably seconded. 
Wbilft.vcry young, be was inslruclrd in bis father's bouse 
to roB and write, and to speak ITench and Ljtin. Jn 
1635, when only 8 yearn old, he was sent over to England 
to be educated at Eton school. Here be soon discovered 
an extraordinary force of understanding, with a'flispositioii 
to cultivate and improve it to the utmost. 

After remaining at Eton between 3 and 4 years, his fa¬ 
ther sent our author and his' brother Francis, in l6S8, oa 
their travels upon the conliucnt. They passed iliruugh. 
France u> Geneva, where they settled for some time to pur¬ 


sue their studies: here our author resumed his acquaint¬ 
ance with the elements of tiu- muthi inatics, which lie iiad 
commc nceil at I'.ton w ln-ii 10 yi ars old, < n acc<juiit of :m 
illness which prev* fite<i (ii> otlu r u’-u.il studies. 

In the autumn '4 1041 in* quittvd Geneva, iind travelled 
through Switzerland and Italy to W-iiic.-, whence hq re¬ 
turned again to rionme, wlu-ie lie sp'nt the winter, stu¬ 
dying the Italian laiigua;.!- ami Instori, and als" (he works 
of the celebrated aslri>m>imT Galileo, who d:e<{ in ;i village 
near this city duiing Mr. Boyle'' re»idence here. 

About the enil of .March 104’, In-set out from Florence, 
visited Koine and other placi-s 10 llaly, then nlurned to 
the sdiilh of Fr.ince. At Marsiilles, in .M.iy U)4J, .Mr. 
Boyle receiveil letters from Ins l.ilher, wtiich iidorined him 
that the ri'bL'Ili'in had broken out in Ireland, and uuli uhat 
diflicplty he had procinvd 250/ then remitted to Kelp him 
and* hi^ brtitlKT homo. I his renii(t.incc liowcvtr ncuT 
reached them, and they were obliged to nturn to Geneva 
witii their goveinor Mr. Mai combes, who contrived on his 
own credit, and by selling some jewels, to raise money 
enough to bring them to Kngland, wherv' they arrived in 
164-4. On their arrival they tuund that their lather was 
deadp.and had left our authr-r ihe manor of Stalbridge in 
HngUiid, with »otne other Ciinsiderablc estates in Ireland* 

From this time Mr. Bo)Ie*b chiit* residence, fur some 
years at least, v\as at liis manor of Stalhridge, whence he 
made occasional excutsioits toOxtord, London, &c; ap¬ 
plying himself with great imlu^lry to various kinds of stu- 
dk^s, but i^spcciully to philosophy and chemistry; and 
seizing every opportunity of cultivating the acquaintance 
of the most learned men of lu> time. He was one of the 
lucinbcrs of that small but learned body of men, in l645t 
who, when all academical studies were interrupted by the 
civil wars,secreted themselves; and held private meetings, 
in London^ afterwards at Oxford, to cultivate subjects 
of natural knowledge on that plan of experiment which 
I.x>rd Bacon had delineated* They styled themselves thca 
The Philosophic College; but after the restoration, when 
they were incorporated,and distinguished openly,ihey took 
the name of the Royal Society. 

In the summer of j 654 ho retired to settle at Oxford,, 
the Philosophical Society being removed from London to 
that place, that he might enjoy the conversation of the 
other learned members, his friends, who had retired thither,, 
such as Wilkins, Wallis, Ward, Willis, Wn'n, ^c. It was 
during his residence here that he improved that adinirubte 
engine the air-pumi^; and by numerous experiments was 
enabled to discover several qualities of the air, so as to lay 
a fouiidaCion for a complete theory. He declared against 
the philosophy of Aristotle, as having in it more of words 
tiiai) things; promising much, but performing little; and 
giving the inventions of men for indubitable proofs, in« 
stead of building on obsei vatjoii and ex[>crimonU He was 
also so zealous for this true method of learning by experi-* 
lucnt, and so careful about it, that (hough the Carlesiani 
philosophy then made a grciit interest in the world, yet be 
couhl never be persuoiled to read the works of Descartes^ 
for fear he should be amused and led away by plau^ib]e 
accounts of things foundesl on conjecttirc, and merely hy* 
pothcticah But philosophy, and in<|uines inu> nature,, 
though they engaged his aUenlion deeply, did not occupy 
him entirely;, as he still continued to pursue critical and 
theological studies* He liad offen» of preferment to onter 
into holy orders, by the government, after the restoration.. 
But he declined ibc offer, cboosing rather to pursue hisi 
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s»u<lics as a Iciyman, in $ucl> a manner as might be most 
t'fiiClual for the support vi religion ; and began to com- 
muuicalc to the uoil<l ilir fruits of these stuuios. These 
produciionb were ^uy numerous and important, as well 
as various: the pnncipal Cl which, as well as of some 
otlu r memorable occurrences of his life, were nearly in 
the following order: 

in 1660 came out, I. New experiments, physico-me- 
chKnical, touching tiie spring of the air and its eflects,— 
Q. Seraphic love; or some iiioiivcs and incentives to the 
love of God, pathetically discoursed of in a letter to a 
friend. A work which it has Uviu said was owing to his 
courtship of a lady, the daugliter of Cary earl of Mon- 
tiumth; though our atilhur was never married.—3, Cer¬ 
tain phyrial>pgiciil essays and otluT tracts, in l60l.^4« 
Sceptical cl/einist, lb6‘2; reprinted about the year l679i 
with the a'^ditton of divers e\periagents and notes on the 
producibl^K ss of chemical principles. 

In th^^ear the Royal Society being incorporated 
by kingV harles the 2d, Mr. Boyle was named one of the 
council^ ami as he might justly he reckoned among the 
foundc^ of that learned body, so he continued one of the 
mosL/^scful and industrious of its meinhcrs during the 
triple course of his life, ilis next publications were, 5. 
^t^nsiderations touching the usefulness of experimental na* 
tural philosophy, 1663.—6. Expcritncnis and considera¬ 
tions upon colours; to which was adde<l a letter, contain¬ 
ing Obsenations on a diamond that shines in the dark, 
l66d. This treatise is full of curious and useful remarks 
on the hitherto unexplained doctrine of light and colours; 
in which he shows great judgment, accuracy, and pene¬ 
tration; and which may be said to have led the way for 
Newton, who made such brilliant discoveries in that 
branch of physics.—7* Considerations on the style of the 
holy Scriptures, l663« This was an extract from a larger 
svork,cntiticd An essay on Scriptures which was afterwards 
published by Sir Peter Pett, a friend of Mr* Boylo^s, 

In 1664 he was elected into the company of the royal 
miners ; and was all this year occupied in prosecuting va¬ 
rious good designs, which was probably the reason that 
lie did not publish atiy works in tins year. Soon after 
came out, 8* Occasional reflections upon several subjects, 
l665« This piece exposed our author to (ho censure of 
the celebrated Dean Swift, who, to ridicule these dis¬ 
courses, wrote A Pious Meditation upon a Broomstick, in 
the Style of the honourable Mr. Boyle.—5^* New experi¬ 
ments and observations upon cold, 1605.—10. llydrosta- 
tical paradoxes made out by new experiments, for the 
most part physical and easy, I666.—11* The origin of 
forms and qualities, according to the corpuscular philoso¬ 
phy, 1666.—Both in this and the former year, our author 
communicated to his friend Mr. Oldenburg, then secre¬ 
tary to the Royal Society, several curious and excellent 
short picccsiof his own, on a great variety of subjects, and 
others transmitted to him by his learned friends, which 
are printed in the Philosophical Transactions. 

In the year I668 Mr. Boyle resolved to settle in Liondon 
for life; and for that purpose he removed to the bouse of 
his sister, the Lady llanelagh, in Pall-Mall. This removal 
was to the great benefit of the learned in general, and par¬ 
ticularly of the Royal Society, to whom ho gave great and 
continual assistance, as abundantly appears by the several 
pieces communicated to them from time to time, and 
printed in their Transactions. To avoid improper waste 
of time, ho bad set hours in the day appointed for receiv¬ 


ing such persons as wanted to consult him, either for their 
own assistance, or to communicate new discoveries to him : 
and he besides kept up an extensive correspondence with 
the most learned men in Europe ; so that it is wonderful 
how he could bring out so many new works as he did. 
His next publications were, 12. A continuation of new 
experiments touching the weight and spring of the air; 
to which is ad<lc(1, A discourse of the atmosphere of con* 
sistent bodies, 1669.—13. Tracts about llic cosmical qua¬ 
lities of things; cosmical suspicions; the temperature of - 
the subterraneous regions; the bottom of the sea; to 
which is prefixed an introduction to lltc history of par¬ 
ticular qualities, 1669.—14. Considerations on the useful¬ 
ness of experimental and natural philosophy, the 2d part, 
16’71.—13. A collection of tracts on several useful and 
important points of pnictical philosophy, iG/l*—l6*Aii 
essay on the origin and virtues of gems, 1672.-17. A col¬ 
lection of tracts on the relation between flame and air; 
and several other useful and curious subjects, 1672; 
besides furnishing, in this and the former year, a number 
of short dissertations on various topics, addressed to the 
Royal Society, and inserted in their Transactions.—18. 
Essays on the strange sublilly, great cflicacy, and deter¬ 
minate nature, of cfliuvia} with a variety of experiments 
on other subjects, 1673.—19. The excellency of theology 
compared with philosopliy, 1673- This discourse was 
written in the year 1665, while our author, to avoid the 
great plague which then raged in London, was forced to 
go from place to place in the country, having little or no 
opportunity of consulting his books.—20. A collection of 
tracts on the saltness of the sea, the moisture of tho air, 
the natural and preternatural state of bodies; to which is 
pn^xed a dialogue concerning cold, 1674.—21. A col- 
Iwion of tracts containing suspicions about hidden qua¬ 
lities of the air; with nn appendix touching celestial mag¬ 
nets; animadversions on'Mr. Hobbes’s problem concern¬ 
ing a vacuum ; a discourse of the cause of attraction and 
suction, 1674.—22. Some considerations abobt the rea¬ 
sonableness of reason and religion; by T. E. (the 6nal 
letters of his names). To which is annexed a discourse 
about llie possibility of the resurrection ; by Mr. Uoylc, 
1(>75. The-some year several papers communicated to 
the Royal Society, among which were two upon quick¬ 
silver gniwing hot with gold.—23. Experiments and notes 
about the niechanicul origin or production of particular 
qualities, in several discourses on a great variety of sub¬ 
jects, and among the rest on electricity, I676.—He then 
communicated to Mr. Hook a short mcmoriul of some ob¬ 
servations made on an artificial substance that shines with¬ 
out any preceding illustration; published by Hook in his 
Lcctioncs Cutlcriantc.—24. Historical account of a -de¬ 
gradation of gold made by an anti-elixir.—25. Aerial 
nociiluca; or some new phenomena, and a process of a 
factitious self-shining substance, I68O. This year tho 
Royal Society, os a proof of the just $ensc of his great 
worth, and of the constant and particular scrvicetyi^ich 
through a course of many years he had done thenqDade 
choice of him for theit president ;d>ut bo being extremely, 
and, as he says, peculiarly tender in point of oaths, de¬ 
clined that honour.—26. Discourse of things above rea¬ 
son ; inquiring, whether a philosopher should admit any 
such, I08I.—27. New experjtnents and observations on 
the icy Doctiluca ; to which i^ added a chemical paradox, 
grounded on new experiments, making it probable that 
chemical principles arc transmutablr, so that out of one 
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of them others may lie produced> A continue 

atjon of new experiments, pbysico*tnecbanicaI, touching 
the spring and weight of the air, and tlicir clTccis, l683.~ 
29« A short letter to Dr« Beale, in relation to the making 
of fresh water out of salt, 16S3.^30. Memoirs for the na¬ 
tural history of human blood, especially the spirit of that 
liquor, 1664.-—31. Experiments and considerations about 
the porosity of bodies, 1684.—32. Short memoirs for tlie 
naturalexperimenlal historyofmineral waters,6:c, 1685.— 
33. An essay on the great effects of even languid and un¬ 
heeded motion, &:c, 16S5.—34. Of the reconcileablencss 
of speciilc medicines to the corpuscular philosophy, &c, 

1685. —35, Of the high veneration man% intellect owes to 
God, peculiarly for his wisdom and poMcr, l685.—36. 
Free inquiry into the vulgarly received notion of nature, 

1686. —37. The marryj (lorn of Theodora and Didyniia, 
1687 ; a work he had drawn up in his youth.—38. A dis¬ 
quisition' about the finnl caus4*s of natural things, and 
about vitiar«(i lighr, 1088. 

Mr. Boyle's jjealth dccliliing very fast, he abridged 
greatly Ins time given to convei'sotions and communica¬ 
tions witli other persons, that he might have more time to 
prepare for the press some others of his papers, before his 
death, which were as follow :—39. Mcdicinu Hydrostaiica, 
6cc, 1690.—40. I'hc Christian virtuoso, &c, I690.—il. 
Experimenract Observalioncs Physic®, &c, I69I; which 
is the last work that he published. 

Mr. Boyle died on the last day of December of the 
same year, l691> in the 65th year of his age, and was bu¬ 
ried in St. Martin's church in the Fields, Westminster; his 
funeral sermon being preached by Dr. Gilbert Burnet, bi¬ 
shop of Salisliury; in which he displayed the excellent 
qualities of our author, with many circumstances of his 
life, &c. But as the limits of this work will not allow us 
to follow the bishop in the copious and eloquent account 
he has given of this great man's abilities* ive must content 
ourselves with adding the following short eulogiuin by the 
celebrated physician, pidlosophcr, and chemist. Dr. Boer* 
haavc; W'lio, after having declared Lord Bacon to be the 
father of experimental philosophy, asserts, that, ^*Mr. 
Doyle, the ornament of his age und country, succeeded to 
the genius and inquiries of the great chancellor Verulam* 
Which," says he, *‘of Mr. Boyle's writings shall I recom¬ 
mend? All of them. To him we owe the secrets of fire, air, 
water, animals, vegetables, fossils: so that from his works 
may be deduced the whole system of natural knowledge." 

Mr. Boyle left also several papers behind him, which 
have been published since his death. Beautiful editions 
of all his works have been printed at London, in 5 volumes 
folio, and 6 volumes 4to. Dr. Shaw also published in 3 
▼olumc54lo, the same works abri<iged, methodised, and 
disposed under the general heads of Physics, Statics, 
Pneumatics, Natural History, Chemistry, and Medicine^" 
to which he bus prefixed a short catalogue of the philo¬ 
sophical writings, according to the order of time when 
tb^ were first published, as follows: 

Phyiico-mcchanical experiments on the spring 

and weight of the air - • I66I 

The Sceptical Chemist • I66I 

Physiological Essays « « 1662 

History of Colours • - l663 

Usefulness of Experimental Philosophy * 1663 

History of Cold • • l665 

Historical Paradoxes • • I666 

Origin of Forms end QO&Utiea • 1666 


Cosmical Qualities 

• 

1^70 

'I hc admimbte RarefoctiDu of the Air 

• 

1670 

The Origin and \'iiluib of Gems 

- 

1672 

The Relation betwixt Flange and Air 

• 

1672 

Effluviums 

• 

1673 

Saltnebs of the Sea 

• 

1674 

Hidden Qualities of the Air 

- 

1674 

The Excellence, &c, of the .Mechanical 

Hypo- 

thois 

• 

1674 

Considerations on the Resurrection 

• 

1675 

Particular Qualities 

• 

1676 

Aerial Noctilucu 

• 

16'80 

Icy Nucliluca 

• 

I68O 

lliings abo>e Reason 

- 

1681 

Natural History of Huiuan Blood 

• 

1684 

Porosity of Bodies 

• 

1684 

Naiui-al History of Mineral Waters 

• 

1684 

Sped lie Medicines 

• 

1685 

I'he High Veneration due to Cod 

- 

1685 

Languid .Motion 


1685 

'Idle Notion of Nature 

• 

1685 

Final Causes 

.. 

1688 

Mcdiciim llydrostatica 

• 

1690 

The Christian Virtuoso 

- 

1690 

E.NperimcntH et Obbervntiones Physic® 


1691 

Natural History of the Air 


1692 

Medicinal Experiments 

• 

1718 


BRACE, in Architecture, denotes a piece of timber 
framed in with bevel-joints; serving to keep the building 
Irom swerving either way* 

BRACII.MINS, or Brachmans, a branch of the an¬ 
cient Gymuosophists, or philosophers of India, remarkable 
Inr the severity of their lives and manners. 

BRACKET, in BuiUlin^, denotes a kind of woodenstay^ 
in form of a knee or shoulder, serving for (he support of 
shelves, &c, or a cramping-irun, which serves os a stay in 
timber-work. 

BRADLEY (Dr. James), a celebrated Flnglish astro¬ 
nomer, the third sonof Wiltinm Bradley, was born at Sher¬ 
borne in Gloucestershire in the year I692. He was fitted 
for the university at Northlcacb, in the same county, at 
the boarding-school of Mr. lies and Mr. Brice. Froni 
thence he was sent to Oxford, and admitted a commoner 
of Baliol college, March 15, 1710; where he took the 
degree of bachelor the 14tb of October 17I4» and of mas¬ 
ter of arts the 21st of January, 1716. His friends intend¬ 
ing him for the church, his studies were regulated with 
that view; and as soon as he was of a proper age to receive 
holy orders, the bishop-of Hereford, who had entertained 
great esteem for him, gave him the living ofBridstow, and 
soon after he was inducted to that of Landewy Welfrcy in 
Pembrokeshire. 

He was nephew to Mr. Pound,a gentleqian well known 
in the learned world, by many excellent astronomical and 
other observations, und who would have enriched it much 
more, if the journals of his voyages had not been burnt at 
Pudor Conilor, when the place was sot on ‘fire, and the 
English who were settled there cruelly massacred, Mr^ 
Pound himself very narrowly escaping with his life. With 
this genilcmai:, at Wanstcad, Mr. Bradley passed all th^ 
time that he could spare from the duties of hid funclioni^ 
being then sufficiently acquainted with the mathematics to* 
improve by Mr. Pound's conversation. It may easily be 
imagined that the example and conversation of this gooila- 
man did not render Brt^Icy more fond of bis profcssu>D> to 
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vliirli lie linil hcfi'rr no 2r''nt attiicliment; 1»* continued 
lunvcver :>« yt'» l" lull'll ihc Julies of it, tliuugli at this time 
lie had niaJe siicli tibvcivalioiis as laid the foundation of 
those discoveries wliirli afterwards ilistiiiRuished him as one 
of the greatest astronomers of his age. Those ribscrvutions 
gained him the notice and friendship of the lord-chancel¬ 
lor Miicclf-tiold, Mr. Newton, afterwards Sir Isaac, Mr. 

I lalh'v, and many otlicr nu mlxTS of the Royal Society into 
which he w;ls soon after elected a member. 

Soon after, tlio chair of Saviliun professor of astronomy 
at Oxford became \acant, hy the death of the celebrated 
Di. John Keil ; and Mr. Bradley was elected to succeed 
him on the 3 1st of October, 1721, at ?.Q years of age; his 
colleague beiii" M r. 11 alley, w ho was professor ot geometry 
on the same foundation. On tliis appomtinenl .Mr. Brad¬ 
ley resigned his churcli livings, aiul applied himself wholly 
to the study of his fasourite srienco. In the course ol his 
ohservations, which were inniiincrable, he discovered and 
settled the laws iT the alterations of the fixed stars, from 
the progressive motion of light, combined with the earth’s 
annual motion about the sun, and the niitatinu of the earth’s 
axis, arising from the unequal .attraction of tlie sun and 
moon on (he different parts «if the earth. The former of 
these effects is c.alled the- Aberration of the fixe<l stars, the 
theory of which ho published in 1727; mnl the latter the 
Nutation of the earth’s axis, the theory of which appeared 
in 1747, deduced from 20 years' assiduous observations, 
by which he communicated to the world two of the finest 
discoveries in modern astronomy, making a memorable 
epoch in the history of that science. See AoEnuATloN 
and NuT.vnoN. 

In 1730 Bradley succeeded Mr. Whiteside, as lecturer 
in astronomy and expcTimentnl philosophy in the Museum 
.•\f Oxford; which was a cori'iderahle emolument to him, 
and which he enjoy«-d till within a year or two of his death, 
whim the ill slate of his health induced him to resign it. 

Our author always preserved the esteem and friendship 
of Dr. Halley; who, beingworn out by age and inffrmitics, 
thought he could not do better for the. service of astrono¬ 
my, than procure for Mr. Bradley the placrfof regius pro¬ 
fessor of astronomy at Greenwich, which he himself had 
many years possessed with the greatest reputation. With 
this view he wrote many letters, desiring Mr. Bradley's 
permission to apply for a grant of the reversion of it to 
him, and even offered to resign it in his favour, if it should 
he thought necessary; but Dr. Halley died before he could 
accomplish this kind oliject. Bradley however obtained 
the place, by the interest of lord Mncclesticld, who was 
afterwards president of the Royal Society; and upon this 
appointment the university of Oxford conferred on him a 
diploma. 

'Mie appointment of astronomer royal at Greenwich, 
which was dated the 3d of February, 1741*2, placed our 
author in his pfoper sphere; and he pursued his observa¬ 
tions with unwearied diligcuce. However numerous the 
collection of astronomical instruments at that observatory, 
it was impossible that such an observer as Dr. Bradley 
should not desire to increase them, as well to answer those 
particular views, as in general to make observations with 
greater exactness. In the year 1748, therefore, he took 
the opportunity of the visit of the Royal Society to the 
observatory, annually made to examine the instruments apd 
receive the professor's observations for the year, to repre¬ 
sent so strongly the necessity of repairing the old instru¬ 
ments and providing new oncs^ that the society tliought 


proper to make application to the king, who was pleased 
to order 1000 pounds for that purpo*e. This sum was 
laid out under the direction of Bradley, who, with the as¬ 
sistance of the late celebrated Mr. Graham and Mr. Bird, 
furnished the observatory with as complete a collection 
of a-stronomical instruments, as the most skilful and dili¬ 
gent observer could dosin-. Our author being thus fur¬ 
nished with such a-isistancc, pursued his observations with 
great assiduity iluring the rest of his life; an immcnseivum- 
ber of which was found after his ileath, in 13 folio vo¬ 
lumes, and weic presented to the university of Oxford in 
1776, on conilitioii of their printing anil publishing them. 

During Dr. Bradley’s residence at the Royal Observa¬ 
tory, the living of the churcli at Greenwich became va¬ 
cant, and was offered to him: upon his refusing to accept 
it, from a con>cientinus scruple, “ that the duty of a pas¬ 
tor was incompatible w ith his other studies and necessary 
engagements," the king was pleased to grant him a pension 
of 2.S0f over and above the astronomer’s original salary 
(100/) from the Board of Ordnance, “ in consideration 
(as the sign manual, dated the 15th Feb. I752,e.xpre85csil) 
of his great skill and knowledge in llic several branches of 
astronomy and other parts of the mathematics, which have 
proved so useful to the trade and navigation of this king¬ 
dom a pension w htcli has been regularly continued to 
the astrononuMs royal ever since. 

About 1748,o»rnuthor became entitled to bishop Crew’s 
benefaction of 30/ a year, to the lecture reader in cjtpcri- 
mental philosophy at Oxford. He was elected a member 
of the academy of v>ciences at Berlin in 1747; of that at 
Paris, in 1748; of that at Petersburg, in 1754; and of 
that at Bologna, in 1757* He was married in the year 
1744, but never had more than one child, a daughter. 

By his unremitting application io study and obser¬ 
vations, he became affliclerl, for near two years before hii 
death, with a violent oppression on hi.s spirits, which inter¬ 
rupted his useful labours. This disln ss arose chiefly from 
an apprehension that he should outlive his rational facul¬ 
ties; but this so much dreaded evil never cainc upon him.' 
In June 17/>2 he was seized with a suppression of urine, 
occasioned hy an inflammation in the reins, which lermi- 
nalctl his existence the 13th of July lollowing. His death 
happened at Chalford in Gloucester'hire, in the 70th year 
of bis ugc; and he was interred at Minchinhampton in the 
same county. 

As to the character of Dr. Bradley, he was remarkable 
for a placid and gentle modesty, very uncommon in per¬ 
sons of an active temper and robust cunstiiutiun. Tberugh 
he was a good speaker, and possessed the rare but happy 
art of expressing liis ideas with the utmost precision and 
clearness, yet no man was a greater lover of silence, for he 
never spoke but when be thought it absolutely neces¬ 
sary. Nor was he more inclincxl to write than to speak, 
as be has published very little: he had a natural diflidcoce, 
which made him always afraid that his works might injure 
his cliaractcr; so that he suppressed many which might 
have been worthy of publication. 

His papers, which have been inserted in the Philos. 
Trans, arc, 

1. Observations on the Comet of 1723, vol, 33, p.41.— 
2. The Longitude of Lisbon and of tlio Fort of Now York 
from Wansted and London determined by the Eclipse of 
the First Satellite' of Jupiter, vol. 34, p. 85.-3. An Ac* 
count of a new discovered Motion of the Fixed Stars, vol. 
35, p. 637.-4. On the Going of Clocks with Isocbronical 
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Pendulums, vol. 3S, p.’302.—5. Observations on the Co¬ 
met of 1736-7,vol 40, p. 111.—6. On the Apparent Mo¬ 
tion of the Fixed Stars, vol. 45, p. 1.—7- On the Occul- 
tatiun of Venus by the Moon, the 15th of April, 1751, 
vol. 46, p. 201.—S. Oil die Comet of 1757, vol. 50, p.408. 
—9. Directions for Using the Common Micvonietcr, vol. 
62, p. 46. 

BRADWARDIN (Thomas), a skilful mathematician 
and ilivine, was born at Hartlicld in Susses, abtiut the close 
of the 13th century. He was educated at Merton-colloge, 
Oxfoni, where he took the degree of doctor of divinity. 
It has l^cn said he was professor of divinity at Oxford ; 
that he was chancellor of the diocese of lx)ndon,and con¬ 
fessor to Edward the 3d, whom he constantly attended 
during bis war with France. After bis return from the 
field, he was made prebendary of Lincoln, anri afierw::ird 
archbishop of Canterbury. He died at Lambeth in the 
year 1349, forty days after his consecration. His works 
arc, 1. De Causa Dei, printed in London, 16IS, published 
by J. H. Savil.—2. De Geometria Speculativa, icc. Pa¬ 
ris, 1495,1512,1530.—3. DeAiithmciicaPractica. Paris, 
1502, 1512.—4. De Proportionibus. Paris, 1495. Venice, 
1505, folio.—5. De QuadrataturaCirculi. Paris, 1495, fol. 

BRAHE' (TvCho), a celebrated astronomer, descended 
from a noble family, originally of Sweden, but settled 
in Denmark, was born the 14th of December 1546, at 
Knudstorp in the county of Sebonen, near Helsinibourg. 
He was taught Latin when 7 years old, and studied 5 years 
under private tutors. His father dying whilirbe was very 
young, his uncle, George Brahe, having no children, adopted 
him, and sent him, in 1559, to study philosophy and rhe¬ 
toric at Copenhagen. The great eclipse of the sun, on the 
21st of August 1650, happening at the precise time the 
asironomcrs had foretold, he began to consider astronomy 
as something divine; and purchasing the tables ofStadius, 
he gained some notion of the theory of the planets. In 
1562 lie was sent by his uncle to Leipsic to study the law, 
where his ucquirenionts gave manifest indications of ex¬ 
traordinary abilities. His natural inclination however 
was to the study of the heavens, to which he applied him¬ 
self so assiduously,-that, notwitlistandiug the care of his 
tutor to kcc-p him close to the study of Ihc law, he made 
use of every means in bis power for improving his know¬ 
ledge of astronomy; hc’purchased with his pocket-money 
whatever books he could meet with on this subject, and 
read them with great attention, procuring assistance in 
dinictiU cases from Bartholomew Scultcns, bis private 
tutor ; and having procured a small celestial globe, he took 
opportunities, when bis tutor was in bed, and when the 
weather was clear, to examine the constellations in the 
heavens, to learn their names from the globe, and their 
motions from obsersaiiun. 

After a course of 3 years study at Leipsic, liis uncle 
dying, he returned home in 1565. In this year a diflfer- 
vnee arising bi'tween Brah6.and a Danish nobleman, they 
fought, and our author lost part of his nose cutoff by a 
blow in the contest. This defect he so artfully supplied 
with one made of precious metal and wax, that it was 
not perceivable. About this time be began to apply him¬ 
self to chemistry, proposing nothing less than to obtain the 
philosopher’s stone. But becoming greatly disgusU'd to 
sue the liberal arts despised, and finding his own relations 
and friends uneasy that he applied himself to astronomy, 
as thinking it a study unsuitable to a person of bis quality, 
Voi.. I. 


he went to Wiriemberg in 1566, from which tlie breaking 
out of the plague soon occasioned his removal to Ro>.(<>ck. 
and in 1569 to Augsburg, where he was visited by IVu-r 
Ramus, then professor of ustronoiiiy at Buris, and who 
greatly admired his uncommon skill in this science. 

In 1571 he returned to Denmark; and was favoured 
by his maternal uncle, Stciio Billcs, a lover of learning, 
with a convenient place at bis castle of Herriizvad near 
Knudstorp, for making his obserNations, and building a 
laboratory. And here it was he discovereil, in 1573, u 
new star in the constellation Cassiopeia. But soon aflei, 
his marrying a country girl, beneath his rank, occasionid 
so violent a quarrel between him and his relations, that 
the king was obliged to interpose to reconcil*- them. 

In 1574, by the king’s command, he read lectures iil 
Copenhagen on the theory of the planets. 'I'he year fol¬ 
lowing he began his travels through Germany, and pro¬ 
ceeded as far as Venice. He then resolved to remove his 
family, and settle at Basil ; but Frederick the 2d, king <4 
Denmark, being informed of his design, and unwilling to 
lose a man who \\H^ ca|):ible of doing so much honour to 
his country^ hr promised to hin^ to pursue hisstu^ 

dies, and b(*sto>vcd on him ri>r life the inland of lluen >n 
the Soundt and engaged that an observatory and labora¬ 
tory should be built for liiiiu with a supply of money for 
carrying on his designs: accordingly the first stone of the 
observatory was laid the 8th of August 1576^ under ihe 
name of Uranibourg. 'I'he king also gave him a pension of 
2000 crowns out of his treasury^ a fee in Norway, and a 
cannnry of lloshild, wliicii amounted to 1000 more. This 
situation he enjoyed about 20 years, pursuing his obser¬ 
vations and studies with great irvdustry: here he kept al¬ 
ways in his house ton or twelve young men, who assisted 
him in his observation?, and whom he instructed in astro¬ 
nomy and mathematics. And it was also at this place 
that he received a visit from James vi, king of Scotland, 
afterwards James t of England, having come to Denmark 
to espouse Anne, daughter of Frederick ii. This king 
made our author some noble presents, and wrote a copy 
of I.atin verses in his praise. 

Brah6’s tranquillity/however in this happy situation 
was at length fatally interrupted. Soon after the death 
of King Frederick, by the aspersions of envious and male- 
volcnt ministers, he was deprived of bis pension, fi'e, and 
canonry, in 1596. Being thus rendered incapable of sup*- 
portitig the expenses of his cstablishmenU he quilted his 
favourite Uranibourg, and withdrew to Copenhagen, with 
some of his instruments, and continued his astronomical 
observations and chemical experiments in that city, till 
the same malevolence procured from the new king, Charles 
IV, an order for him to discoutiuue them. This induced 
him to fall upon means of being introduced to the em* 
peror Rodolphus, who was fond of mechanism and chemi¬ 
cal experiments: and to smooth the way to an interview, 
Tycho now published his book, Astionomia instaurata 
Mccbanica, adorned with figures, and dedicated it to the 
emperor. That prince received him at Prague with great 
civility and respect; gave him a magnificent bouse, till 
be could procure one for him more fit for astronomical 
pbservations; be also assigned him a pension of 3000 
crowns; and promised him a fee for himself and his de¬ 
scendants. Here then be settled in the latter part of 
159S| with his sons and scholars, and among them the 
celebrated Kepler* who bad joined him* But he did nut 

2 K 

A 


I 



« H A 


[ f60 } B ft £ % 


lonj5 enjoy ihiv happy situation ; for, about 3 years after, 
he died, on the 24lh of October l60l, of a retention of 
urine, in the 55tli year of his ago, and was interred in a 
magniticcni manner in the ])rincipal cburcli at IVaguc, 
where a noble nuuiunienl was erected to his memory; 
leaving, bosi<les his wife, iwosons and four daughters. On 
the a]>proach of d< uth, he eiij(>iiie<i his >ons to take cate 
that none of his works shouhl be lost; exhorte<l ti>e students 
to attend closely to their exercises; and recomnnndt<1 to 
Kepler the Imishing of the Ho<ioiphinc tables, which he 
had constrtictcd for regulating the motion of the |>!aiiets. 

Brah^*s ^klll in astronomy is universally known; un<l 
he is famed for being the inventor of a new system of 
the planets, which he einica'oured, though without sue* 
ccss, to establish on the ruins of that uf Copernicus. He 
was very credulous with regard to judicial astrology and 
presages. If he nu t an old woman when he went out of 
doors, or a hare up»Mi (he roatl on a journey, he xvt^uld 
turn back irnmediately, being pi*rsuade<l that it was a bad 
omen : also, when he lived at Uranibouvg, he kept in his 
bouse u madman, w horn he generally placed at liis feet at 
table; for as he imagine<l that every thing spoken by mad 
persons presaged something, he carefully observed nil that 
this man said; and bccnuse'it sometimes proved true, he 
fancied it might always be depended on. He was of a 
very irritable disposition : a mere trille would put him in 
n passion ; and against persons of the first rank, whom he 
thought his enemies, he openly discovcTcd his resentment. 
Ho was very apt to rally others, but liigiily provok«'d 
when the same liberty was taken with himself.—The prin* 
cipal pavt of his w ritings, according to Gassendus, are, 

1 . An account of the New Star, which appeared Nov. 
11th, 1572, in Cassiopeia; Copenli. I573t iti 4to.—2. An 
Oration concerning the Mathematical Sciences, pro* 
flounced in the university of Copenhagen, in the year 
1574 : published by Conrad Aslac, of Bergen in Norway. 

A treatise on the Comet of the year 1577* immedi¬ 
ately after it disappeared* Nine years afterwards he re¬ 
vised it, and addtMl a 10th chapter; printed at Uruni* 
bourg, i589'*'^4. Another treatise on the New Phenome¬ 
na of the heavens. In the first part of which he treats of 
the Restitution, as he culls it, of the nun, and of the fixed 
stars* And in the 2d part, of a Nexv Star, which had (hen 
made its appearance.—5. A collection of Astronomical 
Epistles: printed in 4to, at Uranibourg in 159^; at Nu¬ 
remberg in lG02; and at Frankfort in l6l0. It was dc^ 
dicated to Maurice Landgrave of Hesse; because there is 
in it a considerable number of letters of the landgrave 
^Villiam his father, and of Christopher Kolhmann, the ma¬ 
thematician of that prince, to Tycho, and of Tycho to 
ihem.—6. The Mechanical Principles of Astronomy re¬ 
stored: Wandesbuig, 1598, in folio*—7« An Answer to 
the Letter of a certain Scotchman, concerning the comet, 
in (be year 1577^—S. On the composition of an Elixir 
for the plague; addressed to the emperor Rodolphus*— 
9. An Elegy on his Exile; Rostock, 1614, 4to.—10* The 
Rudolphine Tables; which he had not finished when be 
died; but were revised, and published by Kepler, as Ty¬ 
cho had desired*—11. An Accurate Enumeration of the 
Fixed Stars: addressed to the emperor Rodolphus.—12* 
A complete Catalogue of 1000 of the fixed Stars; which 
Kepler has inserted in the Rodolpine Tables.—IS* Hiito- 
ria Cmicstis; or a History of the Heavens; in two parts. 
The lit contains the Observations he bad made at Urani* 


bourg, in J6 books; the latter contains the Observations 
made at Wandesburg, Wittemberg, Prague, Ac*; in 4 
—14. I5 an Epistle to Caster Puccr; printed at Co¬ 
penhagen l6GS. 

BUANCKKR, or BRANKER (Thomas), an eminent 
mathcmatrcmn of the 17th century, son of Thomas 
Bjanckcr some time bachelor of arts in Exeter-college^ 
Oxford, was born in iKwonshire in 1036, and was ad¬ 
mitted butter of the said college, Nov. 8, 1652, in the 
l/th year of his age. In 1655, June the I5tb, be took 
llie degree of bachelor of arts, and was elected probatio¬ 
nary-fellow the doth of the same month* In 1658, April 
the 22d, he took the degree of master ol arts, and became 
a preacher; but after the Restoration, refusing to conform 
to the ceretnorties of the church of England, be quitted 
his fellowship in 1662, and retired to ^hester: but not 
lon^r after* be became reconciled to the service of the 
church, took uri]{-rs from a bishop, and wus made a mini* 
stcr of Whitcgatc. He had however, for some time, en¬ 
joyed greut opportunity and leisure for pursuing the bent 
of his genius in the muthemotical sciences; and his skill 
both in the malheinalics and chemistry procured him the 
favour of Lord B^'roton, who gave him the rectory of Til- 
slon. lie was afterward chosen muster of Uic well-en¬ 
dowed school at Macclesfield,, in that county, where be 
spent the few remaining years of his life, which was ter¬ 
minated by a short illness in l67f)< ut dOyoirsul uge^ 
and ivos interred in the church at Miicclestield. 

Brunckcr wrote a piece on the Doctrine of the Sphere,, 
in Latin, which was published at Oxford in 16'6'2; and in 
Itib'S he published at London, in 4lo, a translation of 
Rhunius's Algebra, with the (ilic of An Iniroducliun to 
Algebra; which ireuiisc having been communicated to Dr. 
John Pell, l^e received from him some assistance towards 
improving it; which be generously iicknuwlcdgcs in a let¬ 
ter to Mr. John Collins; with whom, and some other gen¬ 
tlemen, proficients in this science, be cuntuiucd a corre¬ 
spondence during his life. 

BREACH, in Fortification, a gap or opening made in 
any part of the works of the town, by the cuniiun or mine*' 
of the besiegers, with intent to storm or attack the place. 

BREAKING Ground, in Military Affairs, is beginning; 
the works for carrying on the sie^c of a place ; more es¬ 
pecially the commencement of digging trenches, or ap¬ 
proaches. 

BRE.AST-WORK, in the Military Art, is an clevaliOD: 
of earth thrown up around a fortified place or post, tfr 
conceal or protect the garrison, and which is at the same 
time so strong that the enemy's shot cannot pierce througlv 
it. See Parapet. 

BREECH qf'a Qun^ the binder part, from the cascabel 
to the lower pan of tlie bore. 

BREREWOOD (Edward), a learned mathematician 
and antiquary, was the son of Robert Brerewnod, a repu¬ 
table tradesman, who was three times mayor of Chester. 
Our author was born in that city in where he was 
educated in grammar erudition at the frcc-school; and 
was afterward admitted, in 1581, of Broaen-iiose college, 
Oxford, where be soon acquired the character of a bard 
student; as he bos shown in bis commeutarics on Aristo¬ 
tle's Ethics, which he produced about the age of 21. 

In the year 1he was chosen the first professor of 
astronomy in Gmbam-collcge, being one of the two who, 
at the desire of the electors, were recommended to ihom 
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by the university of Oxford. He luvcd retirement, and 
entirely devoted himself to the pursuit of knowledge. And 
though he never published any thing himself, yet be was 
very communicative, and roa»ly to impart what he knew, 
to others, either in coiiversatiuii or in writing. His retired 
situation at Gresham-collcge being agreeable, it did not 
appear that he had any other views, but continued there 
the remainder of his life, which was terminated hy a fever 
the 4th of November 1613, at 48 years of age, in the 
midst of his pursuits, and before he bad taken proper 
care to collect and digest his learned labours ; which how¬ 
ever were not lost; being reduced to order, and published 
after his death. These were little or nothing mathemati¬ 
cal, being of a miscellaneous nature, on the several sub¬ 
jects of Weights, Money, Languages, Religion, Logic, the 
Sabbath, Meteors, the Eye, Ethics, &c. 

BRIDGE, a work of carpentry or masonry, built over 
a river, canal, or the like, for the convenience of passing 
from one side to the other ; an«l may be considered as a 
road over water, supported by one or more arches, and 
these again supported by proper piers or butments. Be¬ 
sides these essential parts, may be added the paving at 
lop, the banquet, or raised footway, ou each side, leaving 
a sufficient breadth in the middle for horses and carriages, 
also the parapet wall cither with or without a balustrade, 
or other ornamental and useful part*. The breadth of a 
bridge for a great city should be such, ns to allow an easy 
passage for three carriages and two horsemen abreast in 
the middle way, and for 3 foot passengers in the same 
maimer on each banquet: but for other smaller bridges, 
a less breadth may suffice. 

Bridges arc commonly very difficult to execute, on ac¬ 
count of the inconvenience of laying foundations and wall¬ 
ing under water. The earliest rules and instructions for 
building of bridges arc givcu by Alberti, in his Archil. 1, 
8 . Other rules were afterwards laid down hy Palladio, 
Serlio, and Scamo2zi, which arc collected by Blondel, in 
his Cours d'Archit. pa. 629, The best of these rules 
were also given by Goldman, Baukhurst, and in Hawkes- 
moor’s History of London Bridge. M. Gautier has a con¬ 
siderable volume expressly on bridges, ancient and mo¬ 
dem. Sec also Riou’s Short Principles for the Architec¬ 
ture of Stone Bridges ; os also Emerson, Muller, I.abelye,' 
and my own Principles of Bridges, in the 1st vol. of my 
Tracts, besides neat accounts in the various new Ency- 
clopxdias, as well os several French authors- 

ITic conditions required in a bridge arc, That it be well 
designed, commodious, durable, and suitably decorated. 
It should be of such a height as to be quite convenient for 
the passage over it, and yet easily admitting through its 
arches the vessels that navigate under it, and also the wa¬ 
ter, even at high tides and floods; the neglect of this pre¬ 
cept has caused the destruction of many bridges.' Bridges 
are commonly continued in a straight direction perpen¬ 
dicular Co the stream; though some think they should be 
made rather convex towards the stream, the better to resist 
floods, 6cc. And briilgei of this sort have been executed 
In some places, as Pont St. Esprit near Lyons,*, Again, a 
bridge should not be made in too narrow a pari of a navi¬ 
gable river, or one that is subject to tides or floods; because 
the breadth being still more contracted by the piers, this 
will increase the depth, velocity, and fall of the water under 
the arches, and endanger the whole bridge and navigation. 
There ought to be an uneven number of arches, or an even 
number of piers; both that the middle of tUc etream or 
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chief current may flow freely without the interruption <.{ 
a pier; and that the two liaivcs of the bridge, by gradually 
rising from the ends to the middle, may there meet in ih<- 
bighest and largest arch ; and also, that by being open in 
the middle, the eye in slewing it may have a better com¬ 
mand and look directly through there. When the niiddh- 
and ends are of ditferent heights, their difTcrcncc liowevei 
ought not to be great in proportion to the length, that the 
ascent and descent may be easy; and in that case also it 
is more beautiful to make the top in one contintmJ curve 
than tw-o straight lines forming an angle in the middle. 
Bridges should rattier be of few- and large arches, than of 
many smaller ones, if the iicighl and situation will possi¬ 
bly admit of It; for lliis will leave passage for the water 
and n.avigalion, and be a great saving in materials and la¬ 
bour, as there will be fewer piers and centres, and the 
arches &c will require less materials; a remarkable in¬ 
stance of which appears in the difference between the 
bridges of Westminster and Blnckfiiars, the e.\pcnseof the 
former being more than double (he latter. 

For the proper execution of a bridge, and making an 
estimate of the expense 6:c, it is necessary to have three 
plans, three sections, and an elevation. '1 he three plans 
arc so many horizontal sections, viz, 1st a plan of the 
foundation under the piers, with the particular circum¬ 
stances attending it, whether of gratings, pl.inks, piles, 
&c; the 2d is the plan of the piers and arches ; and the 
3d is the plan of the superstructure, with the paved road 
and banquet. The three sections are vertical ones; the 
1 st of them a longitudinal section from end to end of the 
bridge, and through the middle of the breadth ; the 2d a 
transverse one, or across it, and through the summit of an 
arth ; and the 3d also across, but taken upon a pier. The 
elevation is an orthographic projection of one side or face 
of the bridge, or its appearance as viewed at a distance, 
showing the exterior aspect of the materials, with the 
manner in which they are disposed, &cc. 

For the figure of the arches, some prefer the semicircle, 
though perhaps without any just reason; others the el-* 
liptical form, as having many advantages over the semi-* 
circular; and some talk of the catenarian arch, though 
its pretended advantages are only chimerical; but the arch 
of equilibration is the only perfect one, so as to bo equally 
strong in every part; see my Principles of Bridges. The 
piers are of divers thickness, according to the figure, span, 
and height of the arches; as may be seen in the work 
above mentioned. 

With the Romans, the repairing and building of bridges 
were committed to the priests, thence named Pontificesj 
next to the censors, or curators of the roads; but at last 
the emperors took the care of the bridges to themselves. 
Thus the Pons Janiculansis was built of marble by Anto¬ 
ninus Pius ; the Pons'Ccstius was restored hy Gordian;, 
and Arian built a new one, which was called after his own 
name. In the middle age, bridge-building was reckoned 
among the acts of religion; and, towards the end of the 
12th centuiy, St. Benezet founded a regular order of hos¬ 
pitallers, under the name I^oniifices, or bridge-builders, 
whose ofitcc was to assist travellers, by making bridges, 
settling ferries, and receiving strangers into hospitals, or 
houses, built on the banks of rivers. Wo rend of an hos¬ 
pital of this kind ut Avignon, where the hospitallers re¬ 
sided under the direction of their first supcrlorSt. Benezet; 
and the Jesuit Raynaldus has a treatise on St. John the 
bridge-builder. 
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AiT.ong liic Imlgc'? of siiitiquily, tliat buill by Trajan 
4 jvcr iIk* Danube ibe inosl rnagnificont. Il whs de¬ 
molished Iv his next sucassor Adrian, the ruins<i| which 
arc still to Im* seen in the middle of the Danobe, mar the 
city Warhi l in llnngury. U had 20 jners, of square stone, 
lacli of ahicii was l.jOIcct high above tlie fouiulation, OO 
fci l in brcadlli, and I70h*el distant Iroin one another, 
uhkii is the span or width of tlic arches; so that the 
whole length of the bridge was more than toJO yards, or 
one mile nearly. 

In France, the Pont de Gar<le is a very bold slructtirc; 
the piers being onlj 13 feet thick, yet serving to support 
an immense weight of a niplicale nrcatlc, ami joining two 
motmtains. It consists of lliiee tui^iges, one uvei anolhci; 
(he uppermost of wduch is un aqueduct, which carrits 
water m Nisnies. 

The aqiK<lucl l)rid::c of Aleantarn, near the city of Lis* 
Lon, which was hnisLeii in 1732, is also a \ery magnifi* 
Cent |iiec<* of woikiiianNhi|>; it consists of 35 arches, the 
largest of which is 227 h*et high, uod iOS{ feet wide* 

Tt»e bridge of Avignon, wluch was Hnished in the year 
JilSS, consists <»f is aiches, i.nd measures 1340 paces, or 
about lOOOyards in length. 

Over the several catials at Venice arc laid nearly 500 
bridges of difierenl ; the greater number of them arc 
of stone. The chief of these, called the HiaUo^ is cele¬ 
brated as a master-piece of art: it consists of one Hat and 
bold arch, nearly 100 feet span, and only 23 feet high 
above tlie water; it was built in 1591 from a design of 
Michael Angelo. The breadth of the bridge, which is 43 
feet, is divided by two rows of shops into thn e narrow 
streets, that in the middle being the widest; and there is 
in the centre an open arch-way, by which the three streets 
communicate with one another. At each end of the Ri¬ 
alto is an ascent of 56 steps; the view from its summit is 
very lively iind magniHcent. The whole intcru^r of the 
shops and the bridge is of marble. The foundation ex¬ 
tends poTeet, and rests upon 1^000 elm pih^s. This 
^structuie cost the republic 250,000 ducats* Ptiulct also 
*fnenlions ti bridge of ii single arch, in the city of Munster 
in Bothnia, rnucli nobler than that of the Rialto at Venice, 
Yet these arc nothing to a bridge in China, built from one 
niountnin to another, consisting only of a single arch, 400 
cubits long, and 5U0 cubits higli, whence it is called the 
flyina bridge; a figure of which is given in lljoPhilos.Trans, 
Kirener also speaks of a britige in the same country 36o 
perches long without any arch, but sijpported by 300 
pillars. 

There are many bridges of considerable note in our own 
country, 'fhe triangular bridge at Crowland in Lincoln¬ 
shire, is esteemed the most ancient Gothic structure re¬ 
maining entire in the kingdom; andiWas erected about the 
yt‘ar 860. 

Lfuidon bridge is on the old Gothic structure, with 20 
small locks or arches, each of about 20 feet wide; but 
there nrc now' only 18 open, two having lately been t^owu 
into one in tho centre, and anotHcr on one aide is con¬ 
cealed or covered up. It is 900 feet long, 60 high, and 
74 wide; the piers are from 25 to 34 feet broud, with star¬ 
lings projecting at the ends: su that the greatest water¬ 
way, when the tide is above (ho starlings, was 450 feet, 
scarce half the breadth of the river; and below the star- 
lings, the water-way wa; reduc^ to 194 feet, before the 
late opening of the centre. London bridge was first built 
with Umber between the years 993 and 10l6; and it was 


repaired, or rather rebuilt with timber in 2163. The stonc^ 
bridge was begun in 1176, and finislied in I209. It is 
probable (here were no houses on this bridge for upwards 
oi 200 ^cars ; since we read of a tilt and t<iurnametit held 
on it ill 1395. Mouses it oppcairs were erected on it after¬ 
wards ; hut being found of great inconvenience and nui¬ 
sance, they were removed in 1758, and the avenui-s to it 
also enlargeil, and the whole made more commodious; 
the two middle arches were then t)jr<iwii into one, by rr- 
ino>in^ the picrlroni between them ; the v>hole amounting 
to ab9vc 80,000/. 

iherc were other bridges in Kngland built in the old 
manner of Umdun bridge; as the bridge at Rochester, 
which is 550 feet Ion;’, anil lias II arches; also the late 
bridge at Newcastle-upon-'l yne, which was broken df>wn 
by u great Hood in the year 177L for want of a suflicirnt 
quantity of wuter-way through the arclies. 

The longest bridge in Fngland is that over the Trent at 
Burton, built in the I2ili cenlur), of s(|uared free sioni, 
and is strong and lofty; it contains 34 urclu^, and th<* 
whole length is 1545 fix't. But this falls far short of the 
wooden bridge over the Drave, which according to Dr. 
Brown is at least 5 miles long. 

But one of the most singular bridges in Europe is that 
built o%cr the Taaf in Glamorganshire, by William Ed¬ 
wards, a poor country mas9ni in the year 1756. This 
rcrnurkuhle biidge consists of but one stupendous urcli, 
which, though only 8 feet broad, and 35 feet high, is nr» 
less than 140 span, being part of a circle of 175 feet di¬ 
ameter. 

There is nUo a remarkable bridge of one arch, built Rt 
Colcbrook Dale in 1779, ^1 cast-iron: and another still 
larger of the same inetul, raised over the riier Wear, nC 
Siinderlanclc the arch being of 240 Act span. And since 
that time several other iron bridges Imve been erected in 
various places, accounts an<) drawings of which may be 
seen in niy Tracts before noticed. 

Of modern bridges, perhaps llie two finest in Europe 
arc those of Westminster and Blackfriai-s over the river 
Thames at London. 'I'lie former is 1220 AtI long, and 
44 feel wide, having a commodious broud foot-path on 
each side for passengers. It consists of 13 large and 
two small arches, all semicircular, w ith 14 intermediate 
piers. The arches nil spring from about 2 feel above low- 
water murk; the middle arch iv 70 feel wide, and the 
others on each side decrease regularly by 4 feet at a lime* 
The two middle piers are each 17 lvc*l thick ut the spring¬ 
ing of the arches; and the others decrense equally on each 
side by one forn nl a time ; every pier terniiiiaiing with a 
saliant riglit angle against either stream. 1*his bridge is 
built of (he best inateriHls, and in a neat and elegant taste, 
but the arches are (00 small for the quantity o( masonry 
cunloined in it* This bridge was begun in 1738, and open¬ 
ed in 1750; the whole sum of money graMcd and paid 
for the erection of it, with the purchase of houses to take 
down, and widening the avenues, amounted tod89r^00L 
Blackfrinrs bridge, nearly opposite ihe centre of the city 
of LondoOj'^was begun in 1760, and complt ted in 10 years 
and three^arters; it is an cxccoiling light end elegant 
structure, but the materials unfortunately do not seem to 
be of the best sort, as many of the arch sitmosaro decay¬ 
ing. It consists of 9 large, elegant, vUipticul arches; (ho 
contre arch being 100 feet wide, and those on each side 
decreasing in a regular gradation to the smallest, at each 
extremity^ \yhich b 70 feet wide* The breadth of the 
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bridgo is 42 fi et, and thr length from wharf to wharf 9f)5. 
The upper surface is a portion of a very large circle, which 
forms ar) I'Ugant figure, and i'^ef convenient passage over 
It. Tlic wliole expense was i5U,S40f. 

If^ooden Bridges. The «^iinph'st case of these edifices, 
is that in which the road*way is laid over beams placed 
horizontally, and sup|»ortcd at each end by i>iers or p<‘Sls. 
'I'his method however is deficient in strength and width of 
opening: it is therefore necessary, in all works of any mag¬ 
nitude, to apply the principU'S of trussing, as used in roofs 
and arches. Wooden bridges of this kind arc stirt frames 
of carpentry, in which, by a proper dispObition, beams an? 
put so as to >tand instead of solid bodies, as large as th<? 
spaces which the beams enctose; and thus two or thne 
more of thcM* arc set in abutment with each othtr, like 
mighty arch stones. 

Palladio ha** given ve\ornl very elegant designs of wo(»den 
bridges; one of which is that over the riv^r Cismoine. 
The river where this bridge is erected, is 100 feet with*; 
this width is (iividt'<l into si.x equal parts; and at the en^l 
of each part, e.xcejiling at the banks, wliicli are strength- 
emd with pilasters of stone, the beams are placed that 
form the breadth of the bridge, upon which, a little space 
being loft at their ends, were placed other beams length¬ 
wise, which form the sides. Over the>e, directly upon 
the first, the cohnclfi (king-posts) were di^^posed on each 
side; these king-posts are connected to the beams which 
form the breadl)^ t^f the bridge, by means of irons passing 
through the projecting ends of the beams, and bolted anti 
pinne<l through both. 

Mr. Coxe, in the first volume of Us Travel*, has sliehtly 
described a very singular brirlee at Wittingen in Switzer¬ 
land ; the construction of which quite siln|d<^ The span 
is 230 feet, and it risi's only 5. I’he arches a|»proach to 
a catenarian form, built up of 7 cr)ur*^es of solid logs of 
oak, in lengtlis of 12 or 14 fe<*t, and l6' inches or more in 
thickness. 'I hese are ul) picki'd nf a natural shape, suiteil 
to the inlimded cur^e; so that the woo<l is no where cut 
acrtiss the grain to trim it into shape. 'I’he*e logs are laid 
above each oth<T, so that their abutting jtdnts ure alternate 
like those of a brick wall; or, in tlic lantnin<’e of the w ork- 
men, lh«*y break joint, ft is indeed a wooden structure 
simply built up by laying the pieces upon csich other, ta¬ 
king can* to iimke the ahiitling joints as close as possible. 
They are not fastened together by pins or bofts, but held 
unib'd by iron sirups, which surround them at the Histanre 
of 5 fei t from each other, where they are fasl<*ried liy holts 
and keys. 1he two arches being erected qnd well hutted 
against the p»ck on each side, were fret^d from their sup¬ 
ports, and allowed to settle. They arc so placed that the 
intended road intersects* th< in about the middle of their 
height. The road-way is supported by cross-joints which 
rest Dll a long horizontai summer-boam; nnd this is con¬ 
nected with the arches on each side by uprights holterl into 
them. The whole is cov< red wdth n roof which projects 
over the arches on each nitle to defend them from the wea¬ 
ther. ^Threc of the spaces be tween these uprights have 
struts or braces, which give the upper work ^ 40 rt of 4rti^s- 
ing in that part. This bridge is of a strenf^ffl^uch more 
than adequate to support any load that can be laid upon 
tl; though it is manifest, by the attempts to tri&s the ends, 
that it was the contrivance of a person ignorant of prin¬ 
ciple. Jt was the work of one Ulrich Grubenhamm, of 
'rulTcn, in the ca^on of Appcn^el, a carpenter without 
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c<lucation, but C(l(br.'’.tod for several works ol ilu* "an •* 
kind. 

At S>charriiauscn. '>'vi(yerlHn<i, whi'ri* tijc UliuK*fb»' s 
with great r»)>idily, **e>rral sf<nie b.ldgc^ hart be< tj destr* 
c<l, when in 17^4 Gruhonhartirn '‘(b red l<» throw a 
bridge of H single arch iLi‘ ri\er, which is tteutlv 

390 feet wide, 'Flie maiii'lr.ire*', however, recpiireri rhni jf 
should con>i5t of two anhe^, .'orl tfiut he* vh«*nl<l lor (liat 
purpo**'* employ tlie rriiddli* piei <•! lio* 1 . 1*1 viohe bridor, 
which would «llvide llu* iv*'v < \,k‘ turi t\t »'(;iial arelus, 
of 17 c and 193 feet '‘pan. I or^rilhl hm, r oii- 

trivcl to leave it a maCKr^of d'uHit ^viJrt^(r the luidve 
at all sup|)>»rted by ihe middle pur. It was ercctt'd a 
plan nearly similar to ihe WiitinofU brul;:r, at ihe < p<*n*e 
of about 8000/slerling Travellers inform that n vluK.k 
if a man parsed over it; y<'t wi»ggons hea\ily lufieu a ho 
went over it without danger. NVe are sorrv toadfl that ilos 
curious bridge w‘ii> burnt bv tin* Krelich when they • vac»j- 
aied Schaffhansen in April t799. » 

Iron BniDO Fs, are those in which iron is the ciiieI ma¬ 
terial used. Iron bnd $ are the excluMve iuN enium ot 
liritish artists. 'Hie lir**t that has been erected on a large 
scale, is thut ovit the ri>er Severn at Colobrof^k Dale, ni 
Shropshire. 'I'his brid^jc is composed of 5 ribs, ami each 
rib of 3 c<mcentric arcs, connected together by radiating 
pieces. The interior arc forms a compleiv semicircle, but 
the others esleiul only to the cilK under the rond-way. 
Til CSC arcs pass through an upright frame of iron at each 
end, which >eryc> as a guide; an<l the small s[)Hre in ihu 
haunches bctwi on the fr.inus and tlie outer arc i*. titled in 
with a ring of about 7 fec*t diameter. V\^on the top of 
the ribs are laid CHHt*iron platen, which sustain the road¬ 
way. The arch of this bridge is IdO feet () inches in 
span; the inu*rior ring is cast in two pircv*s, each piece 
being about 70 feet in length. It was constructed in the 
year 1779* Mr. Abraham Darby, iron-iiuusler at Cole- 
brook Dab', and mu**! be con*‘idercd as u very bold effort 
in the first instance of nd^piing u new material. 'I'he total 
weight of the inetnl is 37 

'riie second iron bridge of which the particulars l>avc 
conic to our knowledge was that designed by Mr. Thomas 
Paine, author of many political works. It wa? construct¬ 
ed by Messrs. Walker at Hotherlinm, and w as brought to 
I..ondon and 5et tip in a bowling-green at raddington, w here 
it w,as exhibited for the fir^t time. After which it was in¬ 
tended (n have been M'lit to America; but P.iiue lint 
being able to licfray the expense, the manufacturers look 
it back, and the malleable iron was afterwards worked up 
in the construcii'»n of ihe bridge at WearmoVilh. 

'riie third iron bridge of imp'iriunce erert<xl in (treat 
Britain, was that over the rive/ W<'ar at Bishop Wear- 
mouth, near Sunderland, the chief projector of which was 
Hotviund Burton, esq. m. p. It tvinsisis of a single arch,, 
whose spun in 23(> ftcT; ui\d ns the springing stones at 
each side project 2 feet, the whole opi ning is 240 feet* 
The arch is the segment of a circle of about 444 feet di¬ 
ameter, Its versed sine is 34 * ft el, and the whole height from 
low water about iOObet, admitting vessels of from 2 to 
300 tons burthen to pa^s under it without striking their 
masts, A scries of 105 blocks form a rib, nnd 6 of these 
ribs compose the breadth of the bridge. The spandrels,, 
or the spaces between the arch nnd ihe road-way, arc fillixi 
up with cast-iron circles which touch the outer circum¬ 
ference of the arch, and at ihu same time support tho 
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!-way, thu<; ^mdually diminishing from ihe abutments 
Towards tlic centre of the bn<!<:e. 'rherc arc alvi diagonal 
iron bars, vvhic b are Uid on the lops of the ribs and extend- 
« 1 to the ubntnicrUv, to keep the rib^ from tvvistltig* The 
>uperstniciorc is a 'irung tfHineof timber planked over to 
support the carriage^roud, which is composed of marl» 
lirnc-stoie , and gravel, with a cement of tar and chalk im- 
niednUeiy u(»on the planks, to preserve them. The whole 
widtii i>l the briil^c is iiSfeet. 1'hc abiitnients nro masses 
>)f almost solid masonry, 2+ fed in thickness, 42 in 
lui tidth lit bottom, and 37 at top. The south pier is 
founded on tlie solid rock, and rises from about 22 feet 
alftvc the bill of llie river. On tlic north side the ground 
was not so favourable, so that it «as necessary to carry 
lb-' foiiinlalion 10 feet below the beil. 'Ihe weight ol the 
iron in tins eNtraordinary fabric amounts to 260 tuns; 
46' of these are malleable, and 214 cast. 'Ihe entire ex* 
penso was 27,000/. 

Many other iron bridges have since been constructed 
oi proposed by different persons, and in various situations, 
which are exhibited and described in the first volume of 
my Tracts. 

There arc various other kinds of bridges, besiilcs these 
already mentioned, such as hanging or pendant bridge-s, 
ilraw-bridgcs, flying bridges, &c, &c, and even natural 
bridges, of which kind a must wonderful one is described 
by Mr. Jefferson, in his Stale of Virginia; and another 
tiescribed by Don Ulloa, in the province of Angariz, in 
South America. See also Arch. 

BRIGGS (Hen hy), one of the greatc-st mathematicians 
in the l6th and 17th centuries, \vn.s born at Warlrjwood, 
near Halifax in Yorkshire, in 1556. From a grammar- 
school in that country he was sent to St. Jolin's-collegc, 
Cambritige, in 1579 J where after taking both the degrees in 
arts, he was chosen fellow of his college in 1588. He ap¬ 
plied himself chiefly to the study of matlicinatics, in which 
be so greatly excelled, that in 159^ he was made examiner 
and lecturer in that faculty; and soon after, reader of the 
physical lecture, founded by Dr. Linaccr. 

On the settlement of Grcsliam-collcgc, in London, he 
was chosen the first professor of geometry there, in 1596* 
Soon af^er this, he constructed a table, for finding the 
latitude, from the variation of the magnetic needle being 
given. In the year l609 he contracted an ac<]uaintancc 
with the learned Mr. Janies Usher, afterwards archbishop 
of Armagh, which was continued many years after by let¬ 
ters, two of Mr. Briggs being still extant in ihc collection 
of Usher's letters that were published,: in the former of 
tiit'sc, dated August l601, he writes, among other things, 
that he was engaged in the subject of eclipses; and in the 
latter, dated the lOlh of March l6l5, that he was wholly 
taken up and employed about the noble invention of lo¬ 
garithms, whjch had come out the year before, and in the 
improvement of which he had afterwards so great a con¬ 
cern. For Briggs imniediatclyapplied himself to the study 
and improvement of them; expounding them also to his 
auditors in his lectures aiGresham-collcge. In these lec¬ 
tures he proposed the alteration of the scale of logarithms, 
from the hyperbolic form which Lord Napier had given 
them, to that in which 1 should be the logarithm of the 
ratio of 10 to 1; and soon after be wrote to Lord Napier 
to make the same proposal to himself. In the year l6l6 
Briggs made a visit to Napier at Edinburgh, to confer 
with him on this change; and the next year lie did the- 
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same also. In these conferences,the alterations wereagreed 
upon accordingly, and on Briggs’s return from his second 
visit, in l617. he published tlie first chiliad, or 1000 of his 
logarithms. Sec the introduction to iny Logarithms, for 
an ample history of these tran-actions. 

In 1619 he was made the first Savilian professor of 
geometry at Oxford; and resigned the professorship of 
Grcsham-coDcge the 25th of July l620. At Oxford be 
settled hmisclf at Merton-collegc, whore he continued a 
nio::. laborious and studious life, employed partly in the 
duties of his olhcc .as geometry lecturer, and partly in the 
computation of the logarithms, and in other useful uorks. 
In the year 1622 lie published u small tract on Ihe 
“ North-wevl passage to the South Seas, through the con¬ 
tinent of Virginia and Hudson's Bay the reason of which 
was probably, that he was then u member of the com¬ 
pany trading to Virginia. His next performance was his 
great and elaborate work, the Arithmctica Lugarithpiica 
ill folio, printed at London in i6'24; a stupendous work 
for so sliort a time! containing the logarithms of 30 
thousand natural numliers, to 14 plac«» of figures bcsidi-s 
the index. Briggs lived also to coinpletc a table of loga¬ 
rithmic sines and tangents for the 100th part of every de¬ 
gree to 14 places of figures, besides the index ; with a ta¬ 
bic of natural sines for the same 100th parts to 15 places, 
and the tangents and secants for the same to ten places; 
with the description and construction of the whole. 'Fhese 
tables were printed at Gouda in 1C3I, under the care of 
Adrian Vlacq, and published in 1633, under the title of 
Trigunometria Britunnica. In the construction of lhes<^ 
two works, on the logarithms of numbers, and of sines 
and tangents, our author, besides extreme labour and ap¬ 
plication, manifests the highest power of genius and in¬ 
vention : as wo here, for the first time, meet with several 
of the most important discoveries in the mathematics, und 
what have bitiicito been considered as of much later in¬ 
vention ; such as the Binomial Theorem; the Difi'ercntial 
Method and Construction of Tables by Differences; the 
Interpolation by Differences; with Angular Sections, and 
several other ingenious compositions; a particular account 
of which may be seen in the Introduction to my Mathe¬ 
matical Tables. 

This truly great man terminated his useful life the 26lh 
of January 1630, and was buried in the choir of the cha? 
pel of Merton-collegc. As to his character, he was not 
less esteemed for his great sincerity and other eminent 
virtues, than fur liis excellent skill in mathematics. Doc¬ 
tor Smith gives him the character of a man of great pro¬ 
bity ; easy of access to all; free from arrogance, morose 
ness, envy, ambition, und avarice; a contemner of riches, 
and contented in his own situation; preferring a studious 
retirement 10 all the splendid circumstances of life. The 
learned Mr. Thomas Galakrr, who attended his lectures 
when he was reader of mathematics at Cambridge, repre¬ 
sents him as highly esteemed by all persons skilled in ma- 
theiuatics, both at home and abroad; and says, that de¬ 
siring him once to give his judgment concerning ^dicial 
aslrolpgy, hi^nswer was, ** that he conceived it to be a 
mere systciffSTgroundless conceits." Oughtrcd calls biro 
the mirror of the age, for his excellent skill in geometry* 
And one ufthis successors at Gresimm-cellcgc, the leam^ 
Dr. Isaac Barrow, in his oration (hero upon his admi^ 
sion, has drawn his character mure fully ; celebrating bn 
great abilities, ekitl| and industry, pa ^^j^ larly in punset- 
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ing the invention of logarithms* which, without bis care 
and pains> might have continued an imperfect and useless 
design. 

His writings were more important than numerous: 
some of them were published by other persons: the list 
of the principal part ol them is as follows: 

I. A Table to find the Height of the Pole; the Magnr- 
tical Declination being given. This was publi>hed in Mr» 
Thomas Blundevillc's Tbeoriques of the Seven Planets; 
London 4to* 

2* Tables fur the Improvement of Navigation. 1‘hese 
consist of, A table of declination to every juinute of the 
ecliptic, in degrees, minutes* and sccoiuls: A tabic of the 
sun's prostliaphuerescs: A table of equations of the sun's 
ephcmcrides: A table of the sun's declination : I'aidcs to 
find,tlie height of the pole in any latitude, from the height 
of the pole star. These tables are printed in tlic 2<l edi¬ 
tion of Edward Wright'd treatise* entitled. Certain Errors 
ill Navigation detected and corrected; London l6l0, 4(o. 

3. A Description of an Instrumental Tabic to find the 

Part Proportional, devised by Mr* Edward Wright. This 
is subjoined to Napier's table of logarithms, translated 
into English by Mr. Wright, and after his death published 
by Briggs, with a preface of bis owu ; London, l6l6 and 
16 J 8 , 12mo. ' 

4. Logarithmorum Chilias Prima* Lend. 1617# 8vo. 

5. Lucubrationcs ct Annotationcs in Opera Postbuma 
J. Neperi; Edinb^l6l99 4to. 

,6. Euclidis^lcmentorum vi libri priorcs &c* I^nd* 
1620, folio. This was printed without his name to it. 

7. A treatise of the Nortb^^west Passage to the South 
Se4i &c« By H. B.* Lond. l622, 4to. I bis was reprinted 
in Purchas's Pilgrims, vol. 3, p. 852* 

8. Aritlimctica Logarithmica, 6cc. Lond. l624* folio. 

9* Trigonometria Britannica, Goudte 1683, folio. 

10. Two letters to Archbishop Usher. 

IL Mathematica ab Antiquis minus Cognitu.—This is 
a summary account of the most observable invention of 
modern mathematicians, communicated by Mr. Briggs to 
Dr. George Hakewill, and published by him in his Apo* 
logic; Lond. folio* 

Besides these publications, Briggs wrote some other 
pieces, that have not been printed: as, 

(i«) Commentaries on the Geometry of Peter Ramus. 

(2.) Duae Epislolae ad celeberrimum virum Cbr. Sever* 
Longomontanum* One of these letters contained some 
remarks oji a treatise of Longomontanus, about squaring 
the circle j and the other a defence of aritbroctical geo¬ 
metry. 

(3.) Animadverses Gcometric«'c: 4to. 

(4*) De codein Argumento: 4to.—These two were in 
the possession of the late Mr. Jones. They both contain 
a great variety of geometrical propositions, concerning the 
properties of many figun^s, with several arithmetical com¬ 
putations, relating to the circle, angular sections, &c*~ 
The two following were also io possession of Mr. Jones: 

(5*) A treatise of Common Arilbcnetic ; fidio. 

(6.) A letter to Mr. Clarke of Gntvcscnd, da^lcd 25 Feb. 
1606; with which be sends him the description of a ruler 
called Bedweirs ruler, with directions how to use it. 


lectures of the famous anatomi>t Vicusscn^, at Montpe¬ 
lier. On his return he published his Ophtbalmographia, 
in 167(1. "I MC year foibnvjjig hv sNas made d<»ci(»r <if mt*- 
dicinc ut Cambrulgv, and soon after fdluw <jf the Ccdlegc 
of Physicians at l^oudon. In 1082 lie resigned his lellow- 
ship to his brother: arul tie* same year lus The<jry of \ i- 
si on was published by Hooke. 'I lie en>uinj^ year be sent 
to the Ru)^l Society a continuation of tliut discourse, 
which was publisiie<l in ihi ir'rnin'^actioiis ; and the same 
year he was appointed [)hysici.tn to M. Tiunnas's Hospi¬ 
tal. In 1634 he communicated to the Royul bocicty two 
remarkable cases relating to \isioa, winch v^e^e likewise 
printed in their Transactions; and in 1685 he published 
a Latin version of his Theory of Vision, at (he desire of 
Mr. Newton, afterwards Sir Isaac* i!n*n profi'ssur of ma¬ 
thematics at Cambridge, with a rccommcnilat<iry epistle 
from him prefixed to it. He was afterwards made physi¬ 
cian in ordinary to King Wrllium, and continued in great 
esteem for His skill in his profession till his <lcath, which 
happi'ned lhe4lh of September 1704. 

Briogs's LogarUhms^ that species of them in which 1 
is the logarithm of the miio ol 10 to 1, or the logarithm 
of 10. Sec Logarithms. 

BROKEN Number, the same as Fraction; which soo. 

Broken Ray, or qf Refraction, in Dioptrics, is the 
line into which an incident ray is refracted or broken, in 
crossing the second medium. 

BROUNCKER, or BHOUNKER (William), Lord 
Viscount* of Castle Lyons in Irel iiul* son of Sir William 
Brounker, afterwards made viscount in 1645, was born 
about the year l620. He very early ^li^c<^vonMl a genius 
for inathematics, in which he altcrwards became very 
eminent. Me was made doctor of physic alO.sford, June 
23, 1646* In 1657 and l658, he was engaged in a cor¬ 
respondence by letters on mutbcmuticul subjects with Dr* 
John Wallis, who published them in his Commercium 
Epistoiicum, printed 1658, at Oxford. Brounker was 
one of the nobility attd gentry who signed the remarkable 
dcclarationmonccrniDg king Charles 11, published in April 

1660. 

After the Restoration, Lord Brounker was made chancel¬ 
lor and keeper of the great seal to the queen, also one of 
the commissioners of the navy, and master of St. Kathe¬ 
rine's hospital near the Tower of London. He was one of 
those great men who first formed the Royal Society, of 
which he was by the charter appointed the first president 
in 1662; which office he held, with great advantage to 
the society, and honour to himself, till the anniversary 
election, Nov. 30, 1677* when he was succeeded by Sir 
Joseph Williamson. Ho died at bis house in St. JnmiVs- 
street, Westminster, the 5th of April 1684; and was sue- 
'ceeded iu his .title by his younger brother Harry, who 
died in January 1667- 

Lord Brounker had several papers inserted in the Phi¬ 
losophical Transactions, the chief of which were, l. Ex¬ 
periments concerning the Recoiling of Guns.—2. A Series 
for the Quadrature of the Hyperbola; which was the first 
series of the kind on that subject.—3. Several of his let¬ 
ters to Archbishop Usher were also printed in Ushoi^s Li¬ 
ters; as well as some to Dr. Wallis, in his Co;nmercium 
Epistolicum, above mentioned ; particularly an approxi¬ 
mation to the circular area by means of continued fruc*^ 


BRIGGS (WiLLiAu), an eminent physician in the lat¬ 
ter part of the I7tb century, was born at Norwich, for 

which town his father ^as four times member of parlia>^Mons, of which he was the first inventor, 
ment. Hcstudicc^t the university of Cambridge; and^- BROWN (Sir William), a noted physician and mis- 
afterwards travelled into France^ where be attcuded the cellancoua writer of the 18tb century. He first settled 
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ai I.vnii in ^s■ol•f<lik, wlicrp he publisltrfl a translation of 
Hr C»r« 2 firv’s Llcincnts of Catoptrics and Dioptrics; to 
uliich he ntl<iod, 1. A Method for tindinn tlie Foci of nil 
^l>(•c^lla and Lenses universally; as also Magnifyiii" or 
Lessening a siveii ohject by a given Speculum or Lens, in 
liny a'SigiieiJ proportion— Q. A Solution of those Pro- 
ideins %'Inch Dr. Gregory has left undeinonstrated.—3. A 
jiiirticiilar account of Alicioscopes and 'I'elescopcs, from 
Mr. Huygens; with the discoverus made by Catoptrics 
atiH Dioptrics. 

Having acquired a competence by his profession, he 
removed to Qiicen’s-squaie, Ormond-street, London, 
wliere he resided till his death, in 1774, at years of 
age ; leasing by his will two prize-medals to be annually 
conteiHleil for by the Cambridge poets. 

Sir William Brown it seems was a very facetious man ; 
and .a great luiinber of his lively cvsays, both in prose and 
verse, were printed and cifculalcd among his friends. 'Mie 
active pail taken by him in the contest with the licen¬ 
tiates, in 17()s, occasioned his being introduced hy Mr. 
Foote in his Devil upon Two Slicks.—Upon Fooic'a c.xact 
representation ot him witli his identical wig and coat, tall 
figure, and glass stifily applied to his eye, he sent him a com¬ 
plimentary card for having so happily represented him; but 
as he had forgot the mulf, he sent iiiiii his own.—Thisgood- 
nnlured way of resenting tlisarmed Foote Completely.— 
He use<l to frequent the annual ball at the ladii's' board¬ 
ing-school, Queen-square, merely as a neighbour, a good- 
natured man, and a lover of youlhlul company. A dig¬ 
nitary of the church being there one day to sec bis 
daughter dance, and linding this upright figure stationed 
in the room, told him he bclicv«-d he w.as Hermippus He- 
divivus who lived anhelitu puellarum,—When lie lived at 
Lynn, a pamphlet was written against him ; which he 
nailed up against his house-door.—At the age of 80, on 
St. Luke's day 1771, he came to Batson’s coflcc-housc in 
his laced coat and band, and fringed white gloves, to in¬ 
troduce hiimeir to Mr. Crosby, then lord mayor. A gen¬ 
tleman present observing that he looked vcry^%ell, he re¬ 
plied, he had neither wife nor debts. 

UUUIN (.loiiN dr), u respectable mathematician and 
philosopher, was born at Gorcuin in l620; and having 
pursued a course of philosophy at Leyden, and prose¬ 
cuted his studii's at Buis-le-Duc and Utrecht, ho removed 
to Leyden, whore he taught mathematics. l ie afterwards 
became profe.ssor at Utrecht, and besides his official du¬ 
ties made dissertations in private, and read lectures on 
Grotius's treatise De Jure Belli e/I’acis. He was tli- 
stinguished by his attnclimcnt to experimental philosophy, 
and by his observations in astronomy. He published dis¬ 
sertations Dc vi altricc; Dc corporiini gravitate et levi¬ 
tate ; De engnitione Dei naturali; Dc lucis causa ct ori- 
gine, &c. He had a dispute wiih Isaac Vossius, to whom 
he wrote a letter printed at Amsterdam in 16'63, wherein 
he criticises Vosslus’s book Do HHtura et proprietale lu¬ 
cis ; and strenuously mainfaina the hypothesis of Des¬ 
cartes He died in l675, after, he had been prolcssor 23 
years. 

BULLIALD (Ismael), an eminent astronomer and 
mathematician, was born at Lnon in the Isle of France in 
l605- He travelled in his youth, for the sake of im¬ 
provement, and gave very early proofs of his astronomical 


of the world, according to PhjloUus, an ancient philc^ 
sopher ami astronomer. Aflenvard, in the year l643, he 
set forth his Avlronomia Fhilolaica, grounded upon the 
hypothesis of the earth's motion, and the elliptical orbit 
described by the planet’s motion about .1 Cone. 'I'o which 
lie adiled tables entitled, Taliul% Philoliiica:: a work 
which Uiccioli says ouglit to be attentively read by all 
students of astronomy.—He considered olso the hipothe- 
sis or approximation of Bishop Ward, and found ii not to 
agree with the planet Mars; and he showed, in his de¬ 
fence of the Pbilolaic astronomy against the bishop, that ' 
from four observations made by Tycho on the planet 
Mars, that planet in the 5rst and third quarters of the 
mean anomaly, was more forward than it ought to be ac¬ 
cording to Ward's hy|iothesis; hut in the 2d and 4th qua¬ 
drant of the same, the planet was not so far advanced as 
that hypothesis required. He therefore set about a cor¬ 
rection of the bishop’s hypothesis, and made it answer 
more exactly to the orbits of the planets, which wore most 
excenliic, and introduced what is called, by Street in his 
Caroline Tables, the Variation: these tables were calcu¬ 
lated from this correction of Builiald’s, and exceeded all 
others in exactness that had bofon* been published. This 
correction is, in (he jinlgment of Dr. Gregory, a very 
happy one, if it be not set above its due place; and be ac¬ 
counted no more than a correction of an approximation 
to the true system: for hy this means we are enabled to 
gather the coequate anomaly a priori aqd that directly 
Irom the means, and the observations arc tvell enough an¬ 
swered at the same time; which, in Mercator's'opinion, 
no one had effected before.—It is remarkable that the el¬ 
lipsis whitfh he has chosen for a planet's motion, is such a 
one as, if cut out of a cone, will have the axis of the cone 
passing through one of its foci, viz, that next the aphelion. 

In 1657 was published his treatise Dc Lineis Spiralibits, 
Exerc, Gcom. ct Astron. Paris, 4to. In 16'S2 came out at 
Paris, in folio, his large work entitled, Opus novum ad 
Arithmeticam Intinitorum; u work which is a diffuse am¬ 
plification of Dr. Wallis's Arithmetic of Infinites, and 
which Wallis treats of particularly in the 80th chapter of 
his Historical Treatise of Algebra. He wrote also two 
Admonitions to Astronomers ; the first, concerning a new 
star in the neck of the Whale, appearing at some times, 
and disappearing at others; the second, concerning a ne¬ 
bulous star in the northern jmrt of Andromeda's girdle, 
which had not been noticed by any of the ancients. ThiJ 
star also appeared and disappeared by turns. And as 
these phenomena were nesv and surprising, be strongly re- 
commendeil the observing them to all that might be curi¬ 
ous in astronomy. 

UURGO (Lucas Facioli dg), a celebrated author 
on arithmetic and algebra, who fiourisbed in the 15th cen¬ 
tury; and whose works on those subjects were the firstthat 
we have in print. See an account of them in the article 
Algebra. 

BURNING, the action of fire on some pabulum or fuel 
by which its minute pails are put into a violent'motion, 
and some of them, assuming the nature of fire, fly off in 
orbem, while the rest are dissipated in vapour, or reduced 
to ashes. 

BuRNiRp-G/rtAf, or jBi/rniiMf-iVirror, a machine by 
which the sun's rays arc collected into a point; and by^lhat 


genius. Riccioli him, Astronomus profundai inda-^roeans their force and effect arc extremely beizhteli^, so 

ginis. He first published his dissertation entitled, Pbildr^as to burn objects placed in it. ^ - 

iauB, live dc vero Systemalu Mundi; or his true system Burniog-glasscs are of two kinds, convex and concave. 
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The convex ones arc lenses, which, acting according to the 
laws of refraction, incline the rays of light towards ibe 
axis, und unite them in a point or focus. The concave 
ones are mirrors or reflectors, whether made of polished 
meUil or silvered gla^, and which acting by the laws of 
reflection, throw the rays back into a point or focus before 
the gla>s. 

The use of burning-glasses, it appears, is w-ry ancient, 
many of the old authors n'cording some eficcis of them. 
Diodorus Siculus, Lucian, Dion, Zonaras, Galen, Anthe¬ 
mius, Lustaiius, T^etzes, and others, relate that by means 
01 them Archimedes set fire to the Homan fleet at the siege 
of Syracuse. Tzetzes is io particular in his account of tliis 
matter, that bis description suggested to Kircher the me¬ 
thod by which it was probably accomplished. 'i*hat au¬ 
thor says that Archimedes set fire to Marcollus's navy 
by meafis of a burning-glass comp(»5ed of small srjtiare 
mirrors, moving every way upon hinges; which, when 
placed in the sun s rays, directed tliein upon the Roman 
fleet, so as to reduce it to aslies at the distance of a bow¬ 
shot/' Artd the burning power of reflectors is mentioned 
in Luclid's Optics, theor 31. Again, Aristophanes, in his 
comedy of The Clouds, introduces Socrates os examining 
Sta'psiadus about a method he had discovered of getting 
clear of his debts. He replies, that “ he thought of ma¬ 
king use of*a burning-glass which he had hitherto used in 
kindling his Are; for should they bring a writ against me, 
I*U immediately place my glass in the sun at some little dis¬ 
tance from it, and set it on fire/' Pliny and Lactantius have 
also spoken of glasses that bum by refraction. The former 
calls them balls or globes of crystal or glass, which being 
exposed to the sun, transmit a heat sufficient to set fire to 
cloth, or corrode the dead fle-sh of those patients who 
stand in need of caustics; and the latter, after Clemons 
Alexaridrinus, observes that fire may be kindled by intcr- 
posing glasses filled with water between the sun and the 
object, so as to transmit the rays to it. 

Among ihc ancients, the most celebrated burning-mir¬ 
rors were those of Archimedes and Proclus; by the former 
was burnt the fleet o* MnrecHus, as above mcnttoDcd; and 
by the latter, the navy of Vilellius, besieging Byzantium, 
according to Zonaras was burnt to ashes. 

Among the moderns, the most remarkable burning- 
glasses, arc those of Magine, of 20 inches diameter; of Se- 
patala of hfilan, near 42 inches diameter, and which burnt 
« at tbc distance of 15 feet; ofSettalaof Villettc; ofTschirn- 
hauson, of Buflbn, of Trudaino, and of Parker 

Villettc, a French ailisl at Lyons, made a large mirror, 
which was bought by Tavernier, and presented to the king 
of Prussia; a second, bought by the king of Denmark; a 
third, presented to the Royal Academy by the king of 
France; and a fourth came to England, and was publicly 
shown. This mirror is 47 inches wide, being a segment 
of a sphere of 76 inches radius; so that its focus is about 
38 inches from the vertex; and its substance is a compo¬ 
sition of tin, copper, and tin-glass. Some of its effects 
were as follow: sec. 

A silver sixpence mellfd in ^ - 7f 

A George the IstS lialfpcnny in - - - - 16 

and runs with a hole in - - - ^. 34 

Tin melts in - - . - - 3 

Cast iron in ..I6 

Slate in - 

A fossil shell calcines in ----- 7 

Vot. I. 


Pioce of Pompej’s Pillar viiilfies, the black part in .SO noc. 

the wliilc part in 5 t 
Copper ore in- g 

Bone calcines in 4, and viirific^ in - - - 33 

An emerald moll^ inlo a substance like a torquoi?> stone; 
a diamond weighirig 4 grains loses I of its weight; the as¬ 
bestos vitriflcd, a:> all oiIrt bodies will do if kepi long 
enough in the focus; but wlun once \itrificd, the mirror 
can go no further with ilum. Plulos. 1 raiib. >ol. 4, p. iy8. 

Ischirnhauber/s reflecting niiriur^ produced equally 
surprising effects; as they may be seen described jo the 
Acta Erudit. for 1687, p* 52. And other person^ ha>t^ 
made very g<iod otie^ of wood, straw, paper, ice, and other 
substances ca))ablc of taking a proper form and polish. 

E\eiy lens, whether convex, plano-convex, or cuiivexo- 
convex, collects the sun's rays, dispersed over its convex¬ 
ity inlo a point by refraction; and it is tlierefore a burn¬ 
ing-glass. Ihc most considerable of this kind is that made 
by 1 scbirnhau.sc n, and described in the same Acta Eruda. 
'I hc diameters of his are from 3 to 4 ft*el, having the 

focus at the distance of 12 feet, and its diameters uu inch 
and a half, 'i'o muke the focus more vivid, the rays are 
collcctetl a second lime, by a second lens parallel to the 
first, and placed at such a distance that the diameter of 
the cone ol rays formed by the first lens is equal to the 
diameter of the sccomi; so that it receives them all, and 
the focus is reduced from an inch and a half to half the 
quantity, and consequently its force is quadrupled. 'I’lns 
glass vitrifies tiles, slates, pumice-stones, &:c, in a moment. 
It melts sulphur, pitch, and all rosins, under water; tlic 
ashes of vegetables, woods, and other matters, are trans¬ 
muted into glass, and every thing applied to its focus is 
either melted, changed into a calx, or into fumes. The 
author obsiTves that it succeeds best when the matter ep* 
plied is laid on a hard charcoal well burnt. But though the 
force of the solar rays be thus found so surprising, yet the 
rays of the full muon, collected by tbc same burning-glass, 
do not show the least increase of heat. 

Sir Isaac Newton presented a burning-glass to the Roy¬ 
al Society, consisting of 7 concave glasses, so placed, that 
ail their foci join in one physical point. £^ch glass is 
about 11} inches diameter: six of them arc placed con- 
tiguoos to, and round the 7th, forming a kind of spheri¬ 
cal segment, whose subtense is about 34} inches: the com¬ 
mon focus is about 22} inches distant, and about an inch 
in diameter. This glass vitrifies brick or tile in 1 second, 
and melts gold in 30 seconds. 

M. Buflbn also made a variety of very powerful burn¬ 
ing-glasses, both us mirrors and as lenses; but at length 
concluded with one which is probably of the same nature 
with that of Archimedes, and consisted of 400 mirrors re¬ 
flecting their rays all to one point, and with which he 
could melt lead and tin at the distance of 140 feet; and 
with others he consumed substances at the distance of 210 
feel. See Philos. Trans, vol. 44; Buftbn's Hist. Nat. Suppl. 
vol- I ; or MontuclttS Hist, dcs Math. voL 1, p. 246. 

It appears there is no solid substance capable of resisting 
the efficacy of modem buming-glnsses; though water, &c, 
arc not affecled by them nt all. Thus, Alcssrs. Macquer 
and Baumi have succeeded in melting small portions of 
platina by means of a concave glass 22 inches diameter, 
and 28 inches focus, though this metal is not fusible by 
the strongest fires that can be excited in furnaces, or sus¬ 
tained by any chemical apparatus. Yet it wa) long since 
observed, by the Academicians del Cimento, that spirit-of- 
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\»»ne could not be fired by any burning-glaas which they 
used; and notwithstanding the great improvements these 
instruments have since received, M. Nollct has not been 
able, by the most powerful burning-mirrors, to set fire to 
any inflammable liquors whatever. 

However, a large burning-lens, for fusing and vitrifying 
such substances as resist the fires of furnaces, and espe¬ 
cially for the application of heat in vacuo, and in certain 
other circumstances in which heat cannot be applied by 
other means, has long ber-n a desideratum with penjons 
concerned in philosophical experiments: and this it ap¬ 
pears is now in a great measure accomplished by Mr. Par¬ 
ker, an ingenious glass-manufacturer in Fleet-street, Lon¬ 
don. His lens is made of flint-glass, and is 3 feet in dia¬ 
meter; but when fixed in its frame, exposes a surface of 
32 inches in the clear ; the length of the focus is 6 feet 8 
inches, and its diameter one inch. The rays from this large 
lens are received and transmitted through a smaller, of 13 
inches diameter in the clear within the frame, its focal 
length 29 inches, and dianu-tcr of its focus 3-8tl»b of an 
inch; so that this second lens increases the power of the 
former more than 7 times, or as the square of 8 to the 
square of 3. 

From a great mimbcr of experiments made with this 
lens, the following are selected to serve as specimens of its 


powers: 

Suhstancei 

Scoria of wrought iron 
Common slate - 
Silver, pure - • 

Platina, pure - 
Nickcir - 

Cast iron, a cube - 

Kcarsh . . - 

Gold, pure 
Crystal pebble - 
Cank, or terra pondcrosa 
Lava. . - - 

Asbestos - - 

Bar iron, a cube 
Steel, a cube 
Garnet - . . 

Copper, pure • 

Onyx ... 
Zeolites ... 
Puroice-stonc . 
Oriental emerald 
Jasper ... 
While agate 
Flint, oriental - 
Topaz, or chrysolite • 
Common limestone - 
White rhomboidal spar 
Voldnnic clay - 
Comisli moorstooc 
Rough corncliaQ 
. Rotten-stone 


r>m« I Win. 
in Sec.lin&i. 

5 12 

2 10 
3 20 

3 10 

3 l6 ' 
3 10 

3 10 

4 20 

6 7 

7 10 

7 10 

10 10 
12 JO 
12 10 
17 10 

20 33 

20 10 

23 10 

24 10 

25 2 

25 10 

30 10 

30 10 

45 3 

55 10 

60 10 
60 10 
60 10 
75 10 

80 • 10 


BvasiKC ZoTtCf or Torrid Zone, the space within 
degrees of the equator, both north and south. 

BURROWS (William), a writer on the subject of 
navigation in the l6th century. His “ Discourse of the 
Variation of the Compass or Magnetic Needle," is sub¬ 
joined to Norman's “ Newe Attractive." Burrows had 
been a famous navigator, having used the sea from 15 yean 
of age, and for his merit was promoted to be controller of 
the navy by Queen Elizabeth. Me shows how to determine 
the variation several ways, setting down many observations 
of it, made by an azimuth compass of Norman’s invention, 
but improved by himself. He demonstrates the falsehood 
of the rules used to find the latitudes by the guard-stars. 
He particularizes many errors in the then «ea-charu, oc¬ 
casioned by the neglect of the variation ; adding, *' But of 
these coasts (towards the north) and of the invvarde partes 
of the countries of Russia, Muscovia, &c, I have made a 
perfect plat and description, by myne owne experience in 
sundric voiages and travailes, botne by sea and iande, to 
and fre in these partes, which I gave to her majcsiio in 
anno 1578." And lastly, he justly blames Coignet’s in¬ 
strument, called a Nautical Hemisphere; but speaks too 
severely against the writers on navigation. 

BUSHEL, a measure of capacity for dry-goods; as 
grain, pulse, fruits, Ac, containing 4 peeks, or 8 gallons, 
or of a quarter. By act of parliament, made in l6'97» it 
was ordained that “ Every round bushel with a plain aad 
even bottom, being made 18^ inches wide throughout, and 
8 inches deep, shall be esteemed a legal Winchester bush¬ 
el, according to the standard in his majesty's exchequer." 
Now a bushel being thus made will contain 2150*42 cu¬ 
bic inches, and consequently the corn gallon contains only 
266 ^ cubic inches.—'i'he weight of a bushel of good corn, 
or pulse, &c, is commonly accounted to be as follows; 
viz, of 

Wheat - - ^ lb. avoirdupois. 

Rye - - - 56 

Barley - - 50 

Beer, or Big - 44 

Oats - . • 40 

Pease - - 60 

Beans - • 60 

Potatoes (heaped) 56 

But some experienced persons say that the bushel of good 
wheat weighs and produces as below; viz, 

Bushel of wheat weighs - - 63 lb. 

Yields of meal - - - 62 

Loss in grinding ... 1 

Bran in the meal ... 6 

BUTMENTS, arc those supporters, or props, by which 
the feet of arches or the extremities of bridges are sujh 
ported; and should be made very strong and firm. 

BUWRESS, is an arch, or a mass of masonry, serving 
to support the sides of a building, wall, or the like, on the 
outside. See Arch, and Arcu-Boutakt. 
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AISSON, ill Architecture, a kind of chest or rtat-bot* 
^ tomctl vessel, in which the pier of a bridge is built, 
then sunk to the bottom of the water, and the sides loos¬ 
ened and taken of! from the bottom, by a contrivance for 
that purpose; the bottom of the caisson being left under 
the pier as a foundation to it. The caisson is kept .afloat 
till the pier is built above the height of low-water mark ; 
and for that purpose, its sides are cither made of more than 
that height at first, or else gradually raised to it as it sinks 
by the weight of the work, so as always to keep its top 
above water. Mr. Labelyc tells us, that the caissons in 
which he built some of the piers of Westminster bridge, 
contained 150 load of fir timber, of 40 cubic feet each, 
and that it was of more tonnage or capacity than a 40-gun 
ship of war. 

CaissoK.in Military Affairs, is sometimes used fora 
chest; and in particular for a bomb or shell chest, and is 
used as a superficial mine, or foumoau. This- is done by 
filling a chest either with gunpowder and loaded shells, or 
else with shells alone, and burying it in a spot where an 
enemy, besieging a place, is expected to come, and (hen 
firing it by a train to destroy the men. 

CALA.MUS Pastoralis, in Music, the Shepherd's 
Pipe; an ancient musical instrument, the origin of the flute, 
at first made of a straw or reed. ■ 

CALCULATION, the act of computing several sums, 
by adding, subtracting, multiplying, dividing, &c. From 
calculus, in allusion to the practice of the ancients, who 
used calculi, or little stones,-in making computations, in 
taking suffrages, and in keeping accounts, &c; as we now 
use counters, figures, &c. Calculation is more particu¬ 
larly used to signify the compiitations in astronomy, tri¬ 
gonometry, dec, for making tables of astronomy, of loga¬ 
rithms, cpliemcrides, finding the times of eclipses,and such 
’ like. 

CALCULATOR, a person who makes or performs cal¬ 
culations.—It is also the name of a machine constructed 
by Mr. Ferguson, in the shape of an orrery, for exhibiting 
the motions of the earth and moon, and resolving a varie¬ 
ty of astronomical problems. See bis Astron. 4to, p, 265, 
or 8vo, p. sys. 

'C.ALCULATORES were anciently accountants who 
reckoned their sums by calculi, or little stones, or coun¬ 
ters.—In ancient canons too we find a sort of diviners or 
enchanters, censured under the denomination of Calcula- 
tores, probably so called from their calculating nativities. 

CALCULUS denotes primarily a small stone, pebble, 
or counter, used by the ancients in making calculations or 
computations, taking of suffrages, playing at tables, and 
the like. 

Cai.culus denotes now a certain way of performing 
mathematical investigations and resolutions. Thus, we 
say the Arithmetical or Numeral Calculus, the Algebrai¬ 
cal Calculus, the Differential Calculus, the Exponential 
Calculus, the Fiuxional Calculus, the Integral Calculus, 
the Literal or Symbolical Calculus, &c; for which, see 
each mpective word. 

AriiUmeiical or A'umrraf Calculus, is the method of 
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performing arithmetical computations by numbers. Sec 
Arithmetic, ami Number 

Algebraical, Lileral,ox Symbolical C \\.cv \.v%, is the me- 
ibod of performing algebraical calculations by letters or 
other symbols, Alocbka. 

Differential Calculus, is the arithmetic of the indefi¬ 
nitely small dilfervnces of variable quantities; a mode of 
computation much used by foreign mathematicians, and 
introduced by Leibnitz, as similar to Newton's method of 
Fluxions. See UirvEKESTiAL &c. 

£r/)oncn/ia/ Calculus, is (he applying the fluxional 
or differential methods to exponential quantities ; such as 

of, or I*, or«y*, Sac. See ExpoNENTrat. 

fiuxional Calculus, is the method of fluxions, invent¬ 
ed by Newton. See Flu.mons. 

Integral Calculus, or Summalorius, is a method of in¬ 
tegrating, or summing up differential quantities ; and is si¬ 
milar to the finding of flucnls. See Integral and 
Fluent. 

Calculus Literalis, or Lilernl Calculus, is the same with 
algebra, or specious arithmetic, so called from its using 
the letters of the alphabet; in contradistinction from nume¬ 
ral arithmetic, in which figures arc used. 

CALENDAR, or Kalendar, a distribution of time 
as accommodated to the uses of life ; or an almanac, or 
table, containing the order of days, weeks, muntlis, feasts, 
&c, occurring in the course of the ycAr: it is so called 
from the word Calenda:, which among the Romans denoted 
the first days of every month, and ancivnlly was written 
in large characters at the head of each month. See Ai** 
MAN AC, Calends, Month, Time, Year, &c. 

In calendars, the days were originally divided into oc- 
toades, or eights; but ^terwards, in imitation of the Jews 
and Orientals, they were divided into bebdomades, or 
sevens, for what wo now call n week : which custom, Sca- 
liger observes, was not in use among the Romans till after 
the time of Theodosius. 

Divers calendars are established in different countries, 
according to the different forms of the year, and distribu¬ 
tions of time: as the Persian, (he Roman, the Jewish, the 
Julian, the Gre^orianj &c, calendars.—The ancient Ro¬ 
man calendar is given by Ricciolus, Struvius, Danet, and 
others; in which we perceive the order and number of the 
Roman holy-days and work-days.—The Jcwisii calendar 
was fixed byfiabbi Hillel, about the year 360 ; from which 
time (he days of their year may be reduced to those of the 
Julian calendar.—The three Christian calendars ar«givcn 
by Wolfius in his Elements of Chronology; os also the 
Jewish and Mohamedun calendars. Other writers on the 
calendars are Victa, Clavius, Sculiger, Blondel, Sic. 

The Roman Calendar was first formed by Romulus, 
who distributed time into several periods for the use of bis 
followers and people under bis command, lie divided the 
year into 10 months, of 304 days; bc^nning on the first 
of March, and ending with December. 

Nuroa reformed the calendar of Romulus. He added 
the months of January and February, making it to cum- 
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sibU* ti> ili'\isc ai>y one that shall be quite perfect. Yrt 


rnujicc on the lift of January* an<l to consist of 355 (lavs. 
But as this was evidently deficient of the true year, he or¬ 
dered an inlercalation ol 45 days Co be made every 4 
in this maniuT, vi/, KvcTy 2 years an additional month of 
22 ilavs. between lebruaryand March ; and at the end of 
each two years more, another moiifh of 23 davs; the 
month thus interposed, bein^ called Marecdonius, or the 
intercalary February, 

Julius Cxsar, with the aid ofSosigems, a celebrated as¬ 
tronomer ot those times, further retornicd the Unman ca¬ 
lendar, wljcncc arose the Juhan Calendar, and the Julian 
or old stylo. Findiiiq that the sun pertormed hisuiinual 
course in 365 days and u (juarter nearly, he divided the 
year into 365 duvs, but every 4th year 36*6 days, adcl^n^a 
(lav to the 23d of February, which being tiie 6th of the 
cah ruls, and thus reckoned twice, gave occasion to the 
name Bissc'xtile, or whnCvvo also call Ioa|>-yoar. 

3 his calendar was lurtlier reformed by order of the pope, 
Gregory xiii; from whertc e arose the term (iregorian ca- 
icndiir and style, or v'hal is now called the newstvlc, 
whicli is now observed by almost all nations in Europe. 
'Iheycar of Julius was (00 long by nearly II minutes, 
winch amounts to about 3 days in 4C0 years; the po()e 
(litTcfore, by the advice ot Clavius and Cmconius, ordained 
that there should be omitted a day in every 3 centuries 
out of 4; so that every century, which would otherwise 
be a bissextile year, is made to be only a common year, 
excepting only such centuries us arc exactly divisible by 
4, which happens once in 4 centurii*s* Si^c Bissextile* 
This rcformutioii of the calendar, or the new styIC| as we 
call it, commenced in the countries under the popish in* 
(lucncr, on the 4th of October 1582, when 10 days were 
omittc<l at once, wliich had been over-run since the time 
of the councilor Nicc» in the year 325, by the surplus of 
11 minutes each year. But in England it only commenced 
in 1752, when il days were omitted at once, the 3d of 
September being accounted the 14th that year; as the sur¬ 
plus minutes had then amounted to 11 days* And now, 
since the year 1800, Hiiothcr day has been added on ac¬ 
count of the odd minutes; to that now our new style dif¬ 
fers from the old bv 12 days. 

« Julian CAm/mn Calcndah, is that in which the days 
of the week are determined by the letters a, b, c, d, E, f, O, 
by means of the solar cycle; and the new and full moons, 
particularly the paschal full moon, with the feast of Easter, 
and the other moveable feasts depending on il, by means 
of golden numbers, orlunar cycles,rightly disposed through 
the Julian year. See Cycle, and Golden Number. 

In this calendar, it is supposed that the vernal equinox 
]$ fixed to the 21st day of March; and that the golden 
numbers, or cycles of 19 years, constantly indicate the 
places of the new and full moons; though lft)tli are erro¬ 
neous; and from hence arose a great irregularity in the 
time of I*^tcr. 

Calendar, is that which, bymcansof epacts, 
rightly disposed through the several months, determines 
the new and full moons, with the lime of Easter, and the 
moveable feasts depending on it, in the Gregorian year. 
This differs therefore from the Julian calendar, both in 
the form of the year, and in as much as epacts arc substi¬ 
tuted instead of golden numbers* See Epact* 

Though the Gregorian calendar be more accurate than 
the Julian, yet it is not without imperfections, as Scaliger 
and Calvisius have fully shown; nor docs it appear pos* 


the Ueformed Calendar, and that which is ordered to be 
observe d in England, by act of parliament rnade the 24Ui 
ol (icorac 11, come very near to the point of accuracy: 
Fi»r, by that act it is ordered that Enstcr-day, on wliich 
the rest de pend, is always the tir>t Sunday atter the full 
moon, which happens upon, or next niter the 21$t day (< 
Marc h ; and if (hr full-moon happen^ 011 a Sunday, Easter- 
day is the Sunday after.” 

lifformetly or Corrected, Calendar is that which, rc- 
jcctui^ all the apparatus of golden numbers, epacts, and 
doniiiiicul letters, determines the equinox, and the pascinil 
full moon* with the moveable leasts depending on it, by 
computation fr(»m astronomical tables, 'lliis culciiilar 
was introduced among the prolotant states of Germany 
in the year 1700, when 11 days were omitted in the month 
of February, to make the corrected style agree with the 
Gregorian, l liis alteration in the form ol (he year, they 
admitted fora time; in expectation that,the true quantity 
of the tropical year being ul length nioie accurately de¬ 
termined b) observation, the Koinarusts would agree with 
them onsomemoie convenient interculiition* 

French New CALENDAR, Is (juite of a different form of 
calendar from ull others. It commenced in France on the 
22«l of September 1792, ^oon after the change of govern¬ 
ment. At the timeol printing this {vi2,iaJuly 1794), it 
docs not certainly appear whether this new calendar will 
be made perniaiienl or not > but merely as a curiosity tn 
the science of chronology, a very biivj notice ot it inuj 
here be added, as follows. 

The year, in this calendar, commences at midnigiit the 
beginning of that day in which tail the true autuiniml equi¬ 
nox for the observatory of Paris* I'hu year is divided into 
12 equal months, of 30 daya each; alter which 5 supple¬ 
mentary days are uddt d, t9v3hiplelc the 365 days ot the 
ordinary year: these 5 days do not belong to any month* 
Each month is divided into three decades ol lOduyseuch; 
distinguished by 1st, 2d, and 3d decade. All these are 
named according to the order of the natural numbers, viz, 
the Isl, 2d, 3d, &c, month, or day of the decade, or of the 
supplementary days. The years which receive an inter¬ 
calary day, when the position of the equinox requires it, 
which we call cmboli^micor bissextile,ilicy call Olympic; 
and the period of four years, ending with un olyinptc year, 
is called an olympiade; the intercalary day being placed 
after the ordinary live supplementary days, and making 
the last day of the Olympic year. Each day, from mid¬ 
night to midnight, is divided into 10 parts, each part into 
10 others, and so on to the lust mcasui able portion of time. 

In this calendar the moiilhs and days have new names. 
The first three months of the year, of which the autumn is 
composed, hike ihoir eCJmology, the first Iroin the vinla^ 
which takes place from Septcmln'r to October, und is called 
Vendemairo; the second, Brumairc, from the mists and 
low fogs, which show as it were the transudation of nature 
from October to November: the third, Frimairc, from the 
varioul colds which arc generally felt from November to 
December. The three winter months lake ihcir etymo¬ 
logy, the first, Nivose, from the snow which whitens the 
earth from December to January; the second, Pluviose, 
from the rains which usually fall in greater abundanw 
from January to February; the third, Vcniose, from the 
wind which dries the earth from February to March. The 
three spring mouths take their etymology, tlic tint, Gci^ 
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iiniuil» from the* forinenlatiou and dcvclopcmcnt of ihc sap 
from March to April ; the'second, FlorcaU from the binn¬ 
ing of the flowers from A}Mil to May; the thirds Prairia), 
from the smiling fccuniliiy of the meadow crops from May 
to Juno. La>tly,thc three summer months lake their oty- 
molog)', the first, Messidor, from tlie uppeuranee of the wa¬ 
ving cars ol corn and the golden har^e^ts wliich co>cr tlie 
fields fr(nn June to July; the secomh'I'hermijlor, from 
the bent, at once solar an<l terrestrial* which inlhimos the 
air from July to August; the third, Fruclidor, from the 
fruits ^iltand ripened by the sun from Augu>l to Sojitem- 
ber. Thus the whole 12 months are, 

Avtusiv. Spring. 

Vcmlemairc Germinal 

Brumuire Florcal 

Friinairo. , IVairial. 

WlNTF R. SUMM r n. 

]Vi\ose Messidor 

Pluviosc Thermidor 

^'entose. Fructidor. 


From these denomination^ it follows, that by the mere 
pronunciation of the name of the month, every one readily 
perceivi-s three things and all their relations, viz, the kind 
of season, the temperature, and the slate of vegeiaiion: 
for instance, in the word genninal, his imagination will 
easily coiiceive, by the termination of the word, that the 
spring commences ; by the construction of the word, that 
the elementary agents are bmied ; and by the signification 
of the word, that the buds unfold thems'dves. 

As to the names of the Jays of the week, or decade of 
10 Anyi each, which they have adopted instead of seven, 
as these bear the stamp of judicial a.strplogy and heathen 
mythology, they are simply called from the lirst ten num¬ 
bers; thus, 


Primidi 

SextiiU 

Duodi 

Seplidi 

Trhif ' 

Octidi 

Qiiartidi 

Nonidi 

Qiiintidi 

Dcccidi* 


In the almanac, or anjkual calendar, instead of the inul* 
titude of saints, one for each day in the year, as in the 
popish calen<iars, they annex to every day the name of 
sonic animal, or utensil, or work, or fruit, or flower, or vc- 
fctablo, &c, appropriate and mewl proper to the times. 
This calendar howcvc*r wiH changed for the old one again, 
with the change of the form of government- For the ca¬ 
lendars of (he Greeks, Egjplians, Jew?, Syrians, Pci-sians, 
Mahom<*dans, Ethiopians, &c, sec the article Ylau. 

Calendar Months^ the* solar months as they stand in 
the calendar, viz, January 31 day4, The number of 
days in each month may be suggested to the memory by 
the following canon 

** Thirty days bath September, 

-April, June, and November; 

^ February has twenty-eiglil alone, 

And all the rest have thirty-one/' ^ 
Antronomicnl Cam;n D/4 R, an instrument engravra upon 
copper-plates, printed on piper, and pHslcd on board, with 
a brass slider which carries a hair^ and shows by inspec¬ 
tion the sun's meridian altitude, right ascension, declina¬ 
tion, rising, scUing, amplitude, &c, to a greater exactness 
than can be shown by the common globes. 

CALENDS, CaUndet, m the Roman Chronology, de¬ 
noted the first days of each month; being so named from 
(caleo) I call, orproelaim; because that, before the 


publication of lUc llr^mau r;i<h, and couulmgllii ir lu-uilbs 
by the motion of the moon* u pru^l was upj)oii»tv<i to ob¬ 
serve the first appearance of the nesv tuoon ; who, having 
seen her, i»ave notice ti> ihe piesidenl of the sacnrtces to 
offer one; and callim; the peopN* together, he proclnimtil 
unto them hov> they sImkiIJ rerknn the flays until the 
none*^; pronouncing the word Cairo 5 times if the nones 
shoul \ happen on the 5iU <lii^, oi '•j von times it they hap¬ 
pened on the 7lh day ot ilie n onth. 

1‘he calends were reckoned backwird-^, nr in a retro¬ 
grade order: thus, for example, die first ot May being 
the calentis of May, (he lust ot 3(>lli flay* t April was the 
pridie calendarum, otQd of the caleinls ci Mas ; ihe 2()th 
of April, the 3(i of thecalendb* or U lure tlu* calends: and 
so back to the I Sth, sshcre the ides c<immcnce; which arc 
likewi>e numbered backwards to the 5th, win re the nones 
begin ; and also rcckoiiefl after the .same manner to the lirst 
day of the month, which is the csilencisof Apiil. 

lli ncc comes this rule to find the day ot the calends 
answering to any day of the mantle viz^ CfUisider how 
many days of ilie inonlb are jcl remaining after the day 
proposed, and to limt number a<ld 2. for the number ot 
or from the caleiuls. Fur example, suppose it were the 
23d day of April, it woubl then be the 9th of the calends 
of May: for April containing SO days, Irom wliich 23 
being taken, there remains 7 ; to wliich 2 being adde<l, 
makes the sum 9* And the reason for this addition of the 
constant iiumker 2, is because the last day ot llie month 
is called the 2d of the calends of the month following* 

CALIBKU, or CALirKH, is the thickness or diamelor 
of a round body, pirticuhirly the bore or width of a piece 
of ordnance, or that of its bull. 

Caliber Comp/tsscs, or CAiirru Compasses, or simple 
Calipers, a sort of compasses made with bowed or 
arched legs, the better to lake the diameter of any round 
body ; as the diameters of bulls, or the bores of gutis; or 
the diameter, and even the length of casks, and such like. 
The best sort of calipers usually contain the following ar¬ 
ticles, viz, Isl, the measure of convex diameters in inchi's 
A'C; 2d, of concave diameters; 3d, the weight of iron 
shot of given diameters ; 4ih, the weight of iron shot for 
given gun bon*s; 5lh, the degrees of a semicircle ; 0th, the 
proportion of troj ami avoirdupois weight; 7th, the pro¬ 
portion of English and French feet ami pounds weight; 
8th, factors used in circular and splitricnl figures; 9lh, 
tables of the specific gravities and weights of biidies ; 10th, 
tables of the ijuanitty of powder necessary fiir the proof 
and service of brass utid iron guns; 11th, rules for com¬ 
puting (he number of shot or shells in a complete pile; 
12th, rules for the fall or descent of heavy bodies; 13th, 
rules for the raising of water ; 14(h, rules for tiring artil¬ 
lery and mortars; 15th, a line of inches; I6'th, logarith¬ 
mic scales of numhi rs, sirtes, versed sim s, and tangents; 
17thj a sectoral line of ci|mil parts, or the line of lines; 
18th, a sectonii line of planes and superficies; and I9tb, 
a sectoral line of solids. 

Calippic, Period, in Chronology, a period of years, 
continually recurring; at every repetition of which, it 
was supposed, by its inventor Calippus, an AtbeiUHii as¬ 
tronomer, that (he mean new and full moons would al¬ 
ways return to the same day and hour* 

About a century before, the golden number or cycle of 
19 years had been invented by Meton, which Calippus 
finding to contain 19 of Nabonassar’s year, 4 dnys and 
to avoid fractions be (piadrupicd it, and so produced 
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}ii' of 7fi year', or 4 limes. J9; after which he 

'Opposed all ihc lunations &c would rej^ularly return to 
the same hour. But m ither is this exact, as it brings 
ilie-m too late by a whole day in ‘225 years. 

Caloric, in the new Chemical Nomenclature, is that 
supposed material substance which possesses the power of 
exciting the feeling of heat in the animal body; or it is 
the mailer and the cause of heat. 

'Ihe general properties of caloric arc the following: If 
it he considered as miiterial, it must be a substance of ex¬ 
treme subtlety and tenuity, entirely imponderable by hu¬ 
man instnmienls, derived iininediately from the sun toge¬ 
ther with light, and like light obeying certain and similar 
laws of reflection and refraction, and also elicited by com¬ 
bustion and by various other instances of chemical action, 
perctis'ion or collision, friction, the electric spark, galva¬ 
nism, 6iC : wlu-n uncoinbined, moving with immense velo¬ 
city ill every direction, and constantly tending to an equi¬ 
librium; penetrating all bodies in nature with mure or less 
facility, and ihcieby enlarging their dimensions, without 
increasing their weight: when combined, probably enter¬ 
ing into chemical union with other bodies, and thereby 
coiistiluling the dilfercnt slates of liquid, vapour, or gas: 
and lastly, when applied suddenly to the animal body, oc¬ 
casioning the sensations of warmth, heat, or, in greater in¬ 
tensity, burning. See the articles LionTand IIeat. 

Caloric, then, is a word useil to denote that substance 
by wliich the phenomena of heat arc produced; and the 
same as was formerly termed igneousJluid, niaiter of heaty 
and other analogous denominations. There arc perhaps 
few subjects respecting wliich n more remarkable versati¬ 
lity of general opinion has been evinced, than with regard 
to the existence or non-existence of this jirinciple. Are 
the physical elTects of heat ]>roduccd by the operation of 
a material fluid, sui generis i or is heat merely an affec¬ 
tion, consisting in internal vibrations and collisions of its 
particles, or in some other mode of corpuscular action, of 
which we are ignorant, and is there consequently no such 
thing as caloric ? These arc the questions that have di¬ 
vided the opinions of many of the ablest philosophers of 
both ancient and modern limes; but though diflferent opi¬ 
nions still prevail on this subject, yet the former of these 
hypotheses seems to be most generally received. Among 
the ancients who supposed the materiality of heal, may 
be reckoned Zeno and Cicero: the latter, in his book Do 
Natura Dcorum, says expressly, that heat is combined 
with water, asits liquefaction sufficiently proves; and that 
it cannot freeze nor congeal into snow or hoar-frost, with¬ 
out suffering Uiat heat to escape, &c, &c: which is very 
nearly the idea that we have of it at the present day; and 
indeed this appears to have been the most prevailing opi¬ 
nion till the time of Lord Bacon, who, in his work De 
J'orma Culidi, considets heat as the effect of an intestine 
motion, or mutual collision of the particles of the body 
healed ; an expansive undulatory motion in the minute 
particles of the bo«ly, by whitli they lend with some rapi¬ 
dity towards the circumference, and at the same time in¬ 
cline a little upwards; which idea was also with some 
modifications adopted by Di-scartcs, Newton, Boyle, and 
the other mechanical philosophers of the succeeding age. 
The general opinion however among chemisu, was still in 
favour of the inntcriulity of heat; and os chemistry be¬ 
came more generally known, so this opinion gained 
strength, till Count Kumford by some experiments seemed 
to show, that heat was imponderable, and capable of being 


produced, ad infinitum, from a finite quantity of matter, 
which again threw some doubt on this question; and 
though these results appear, in some degree, to have been 
confuted by subsequent experiments, yet is the matter at 
present undecided, and will probably always be involved ' 
in some obscurity. We cannot here enter inlO'lhe merits 
of the particular arguments that have been advanced on 
both sides of this intricate and interesting inquiry; but 
we shall enumerate a few of the principal experiments 
(bat have been made on this subject, and shall (hen leave 
the reader to draw his own conclusion, as to the materia¬ 
lity or immateriality of beat, or the cause of heat; or, in 
other words, of the existence or iion-cxislence of that 
substance which is defined by the term Caloric. 

It is known, that when water Ircczes, a portion of heat is 
given out by it during the congelation, which is so consi¬ 
derable, that if we were to conceive it to be transmitted 
to, and imbibed by an equal quantity of water at the tem¬ 
perature of 32^ of Fahrenheit’s thermometer, the latter 
would be heated to no less than 140®, or to 172®; If 
therefore heat were a ponderable substance, it might be 
imagined that a given quantity of water would become 
lighter when frozen in a vessel hermetically sealed. This 
circumstance thcrernre induced some philosophers to as¬ 
certain, if possible, the ponderability of caloric, and thus 
to decide the question on which so many opinions had 
been formed. Of the experiments made for this purpose, 
(hat of Dr. Fordyce seems to have been conducted with 
the greatest caution. He took a glass globe, three inches 
in diameter, with a short neck, and weighing 451 grains; 
poured into it 1700 grains of water from the New River, 
London, and then scaled it hermetically. The whole of 
which then weighed 215044 grains, at the temperature of 
32®: this was then put for 20 minutes into o freezing 
mixture of snow and salt, till some of it .was frozen, and 
was then taken out, and wiped perfectly dry with a linen 
cloth, and next with a dean dry piece of washed leather; 
and being then immediately weighed, it was found to be 
•g^th of a grain heavier than before; this was repeated five 
times, at each time more of the water was frozen, and 
more weight gained; and when the whole was frozen, it 
was found to have gained i^tbs of a grain; but the tem¬ 
perature of (he globe, and contained ice, by having bee.n 
kept in the frozen mixture, had been reduced to 12® of 
Fahrenheit’s thermometer: and on allowing it to rise to 
32®, it was found to weigh of a grain more than 
when the water was fluid. The beam in this experiment 
was so adjusted that it would mark of a grain. 

By this result therefore it appears that water by freez¬ 
ing, an operation in which it evolves caloric, becomes 
heavier, and that of course the addition of caloric to a 
body renders it absolutely lighter; which if admitted goes 
to prove, that caloric counteracts the effect of gravitatioi^ 
as it docs that of contiguous attraction or affinity. This 
experiment was repeated by Morveau and Chaussicr, and 
wiili tl^same result, the water being heavier after it had 
been fffTzcn in gloss vessels hermetically sealed, than it 
was before when in its fluid state. 

This subject soon attracted the attention of Lavoisier; 
and bis experiments, which were published in the Mo* 
moira of the French Academy, led him to conclude that 
the weight of bodies is not at all altered by heating or cool¬ 
ing them, and consequently that caloric produces no sen¬ 
sible change in the weight of bodies. Count Kumford also 
made similar experiments, and was at first led to the same 
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conclusion as Dr. Fordycc; but afterwards, by varying Lictofy cxperimiint, has shown that heat may be cuminu- 
the experiments, be had reason to suppose that he had iiicated through a Torricellian vacuum, in which there 
been misUken in the first instance, and he finally came to could be nothing to communicate or propagate motion ; 
the same conclusion as Lavoisier. Mcnce then we may for though such a vacuum may he not quite comptele, yet 
conclude from these e.\periments, and others of a simi- the matter of it must he in sncIi a state of rarity, as to 
lar nature which have been made on this subject, that if prevent us from supposing for a moment, that it is capable 
caloric be possessed of weight, it exists at least in such a of exciting motion in tlie particles of the body placed in 
state of rarity, that its gravity canm»t be ascertained by it; and consequently, that the conclusion drawn from the 
experiment. But Count Rumford went still further, and boring experiment was inaccurate: and a recent iliscovcry 
endeavoured to prove that an inexhaustible supply of made by Dr. Herschel, hap at last nearly put antndto 
heat may be produced from a finite quantity of matter; the dispute; by demonstrating that caloric is not a pro- 
and that therefore heat must be an eflect arising from perty of matter, but a peculiar substance; or at least diat 
some species of corpuscular action among the constitu- we base the same reason for considering it as a substance, 
ent particles of the body, agreeably to the notions of as we have for belie\ing light to be material. 

Bacon. This experiment was conducted in the following Dr. Herschel had been employed in making ohsersa- 
maniier. The Count caused a cylinder of brass to be tions on the sun by means of tcK*scopcs ; and to prevent 
turned 7J inches in diameter, and 9*8 inches Jong, which the inconvenience arising from the heat, he used coloured 
was bored like a cannon with a caliber 3-7 indies in dia- glasses; but these glasses, when they were dixpenough co* 
meter, and 7-2 inches deep; so tlial the bottom was 2'6 loured to intercept the light, very soon cracked and broke 
inches in thickness. The hollow cylinder contained to pieces; whicli circumstance induced him to examine 

cubic inches of brass, and weighed 113’13!bs avoirdupois, the healing powerof the ililJerent coloured rays. He there* 
By means of the engine used for boring cannon in the ar- fore made each of them in its tuin fall upon the bulb of a 
senal of Munich, a blunt borer, or fiat piece of hardened thermometer, near which two other thermometers were 
steel, 4 inches long, 0 63 inch thick, and 3^ inches wide, placed to serve as a standard ; and the number of degrees 
was kept with one of Us extremities, whose area was about that the ihcrmomelcr exposed to the coloured ray rose 
square inches, pressed against the bottom of this hoi- above the other two thermometers, indicated tlie heating 
low cylinder on the inside, with a force of about 10,000lbs power of that ray. He thus found, that the most refran- 
avoirdupois, while the latter was turned about its axis, giblc rays have the least heating iiowcr; this power gra- 
witb a velocity o{*32 revolutions in a minute. In one dually increasing as the refrangibility di- 
experiment, the cylinder was covered on the outside with minishes. The heating power of the Violet = l6 
a coating of tbieV flannel, to prevent the access of heat gieen, violet, and red rays, as determined Green = 22 4 
from the atmosphere; and in another, the borer was made by these experiments are expressed by Red = 55 
to work, through a collar of leathers, so as to prevent ac- Dr. Herschel, by the annexed numbers, 
ccssof air also to the interior of the bore; and in athinl, It struck Dr. Herschel as very remarkable, that the li¬ 
the whole cylinder was immersed in water, the borer still lurainating power and the heating power of the solar rays 
working through a collar of leathers, so os to prevent the should follow such dift'crcnl laws: the first cxi&ting in 
access of the water to the interior of the bore; again, in greatest perfection in the middle of the spectrum, and di- 
a fourth, the collar of leathers was removed, and the wa- miuishing as we approach either extremity ; but the second 
ter had access to the bottom of the interior of the bore constantly increasing from the violet end, and being greatest 
where the friction took place. The result was, that in all at the red end. This led him to suspect, that probably 
these cases heal was generated by the friction in suffi- the heating power did not stop at the termination of the 
cient quantity to cause about 264 lbs of icc-cold water to visible spectrum, but is continued beyond it; he therefore 
boil in two hours and a half; or at about the same rate placed the thermometer completely without the boundary 
as that at which it would have been produced by 9 large of the red ray, but still in the line of the spectrum; and 
wax candles. The capacity of brass for heat, or its power it rose still higher than when exposed to the red ray : and 
of producing it by friction, did not appear to be diminish- - on shifting the thermometer still furtlieritcontinued turise; 
ed, and it seemed that this generation of heat would have the rise not reaching its maximum till the thermometer 
gone on for ever, if the friction bad been continued, or was half an inch beyond the visible spectrum : when shifi- 
that the source of it was inexhaustible. Now any vd still further, it sank a little, but the power of heating 
thing which an insulated body, or a system of bodies, can did not cease at the distance of un inch and a half from 
continue to supply without limitation, cannot possibly be the real ray. 

a material substance; and hence the conclusion was, that These experiments were afterwards repealed and fully 
heat must bean effect arising from some species of cor- confirmed by Sir Henry Engleficld, in the presence of 
puscularactton among the constituent particles of the body, some very good judges. The apparatus was very different 
Some- other experiments of M. Pictet, Mr. Davy, and from that of Dr. Herschel, being contrived on purpose to 
other celebrated chemists, seem to be in favour of|hc con- obviate certain objections which bad been made to the 
elusions drawn by Count Rumford from those above conclusion drawn by that ceiebmted philosopher; and the 
stated; but there are others, that appear to contradict bulbs of the ihcrmometei-s were mostly blackened. The 
this principle, some of which were made by the Count following ari^lhc rcsulls of these experiments, 
himself. Thermometer in the blue ray rose in 3“ from 55® to 56® 

If heat arise only from the corpuscular motion of the green - - 3 • 54-58 

particles of the body, it would.follow that no heat could yellow - - 3 • 56 - 62 

be produced, but in those cases where motion could be full red - 2j^ > 56-72 

communicated; wbdnce again heat could not be derived confines of red 2^ - 58 » 734 

through a vacuum. But Count Rumford, by a very satis- beyond the visible light 2^ • 61-79 


/ 



C A L 


CAL 


[ ] 


'Tin tliiTtin)m< tt r «uli its bulb bluckcncd, rose iiiucli 
more ulirii jilacid in tin.- same circunistanc«, than the 
(licriiionieteis u liose bulb uiis oillier naked, or'vhiiencd 


uitli paint; as is shown in the following table; 

Red rav 5 from j8®to6l® 

^ ^ while tlieniiometer 3 

Dark ' llu rmoineler 3 

{ w hite thermometer 3 

Coiilirtcs of t black thermometer 3 

red (white thermonnter 3 

Both Dr. Tlcrschel and Sir 11. Knglcfield take notice 
of a faint blush o] ri d, of a semi-oval form, visible when 


35 - 
AJ) - 
58 - 

69 - 
571 


58 

64 

38i 

71 

60i 


the rays beyond the end of the spcclruiii wcie collected 
by ft lens. 

Trom these experiments it follows, that there arc rays 
emitted from the sun which produce lieat, but have nut 
the power of illiiminaling; and that these are the lajs 
that produce the greatest <|uantity of heat : and conse¬ 
quently caloric is emitted from the sun in rays, and the 
rays of caloiicare not the sainewith tlie rays of light. 

\Vc have thus enumerated mail) of the principal c,\pc- 
rimenls that have been made, in order to prove the mate¬ 
riality or immateriality of heat; and without insisting fur¬ 
ther on this subjpet, on wliicli probably the presenl slate 
of knowledge is insuflicient for loiininga decided opinion. 
It seems however that, under all the circuinslancesattcnd- 
ing tliis inquiry, we ought rather to consid«'r it as n mate¬ 
rial substance ; because of the two theories, that which 


supposes it to be so is by lar the must intelligible, (he 
most agri-eablc to the analogy of nature, and the least ex¬ 
ceptionable ; and we shall accordingly regard it as an 
elastic fluid, sui generis, capable of pervading, with vari¬ 
ous degrees of fucilily, all the solid hc-dics with which wc 
arc acquainted, and of being imbibed and retained by 
them in different proportions, according to their respective 
degrees of specific attraction, or capacity for it. 

It will easily be conceiveed, that from the elasticity and 
power of pervading other substances, wliich wo have attri¬ 
buted to'this fluid, it must neci'ssarily follow that when a 
body is by any means charged witJi a larger quanllly of it 
than is proportional to its mass and capacity, when com¬ 
pared with those of other bodies in its vicinity ; the sur¬ 
plus will be commpnicuted to those other bodies, until 
the density of the fluid in every body in the system be¬ 
comes equal; in like muiincr as a quantity of air thrown 
into one of a number of vessels communicating with each 
other, wil| pass front it to the others, until it becomes dis¬ 
tributed among them all, in proportion to their rcspccti\e 
capacities; or till it becomes of equal density in them 
all: and this slate of density or compression of the calo¬ 
ric is called its temperature. 

The celerity and facility with which this fluid pervades 
different substances, arc however e.vtremely various, us 
may be shown bv the following experiment. Take a small 
cylindrical earilicn or wooden vessel, between three and 
four inches in diameter, and insert into it, ihrounli holes 
drriled in its bottom for that purpose, several wires about 
|th of an inch in diamiHer, and 6 or 7 inches long, of 
equal size in every respect, but of different nuuuU, as 
gold, silver, copper, iron, brass, and zinc;‘ind also two 
small rods, one of glass and the other of wood, of equal 
dimensions with ilic wire; so that they may each of them 
project about i an inch on the inside of the vessel; the 
other parb being on the outsiile, and forming a kind of 
Stand for it Dip a portion of the lower extremities of 


these wires into mcltcJ wa.\, so (hat they may become 
equally coated with it; and when the wax has cooled, fill 
the vessel with a heated fluid, as boiling water, or nicitnl 
lead, and observe the intervals between the time of filling 
it, and the nielliog of the wax ; which intervals, will in¬ 
dicate the relative conducting power of the substances. 

Wc shall now cuncluiic this article by a slight investi¬ 
gation of the effects arising from the condensation or ra- ' 
refaction of this fluid in bodies: by the former their tem¬ 
perature is elevated, or they arc heated ; and by the latter 
It is depressed, or titcy become cooled. 

In our investigation of the most universal operations in 
nature, we generally fiiid that the more immediate instru¬ 
ments employed for the production of the effects which wc 
pt reeive, arc two counleructitig powers, by whose co-ope¬ 
ration,and mutual counterpoise,the m-ccssary.equilibrium 
is preserved, and the purposes of their creation effected, 
with greater regularity than tvould probably result from 
the cmployinent of a single agent. Thus, gravity is, os wc 
know, counteracted by inertia; and the effects of cohesion, 
a no less universal ptinciple tiian gravity, are iri like man¬ 
ner restrained and luudifled by the agency of caloric: and 
as without inertia, all the celestial bodies would be drawn 
together into some one part of extended space; so without 
heat, all the matter in the universe would become a con¬ 
gealed and concrete mass; and fluidity and organization, 
vegetation, and life, would have no existence. Solids be¬ 
come tir»i cxpandcti, and then liquified, by its influence, 
and liquids assume the aeriform stale* it is essential to 
the idea of n solid body, that it should in a certain degree 
resist both compression and dilutotiun; that is, that its 
particles should repel each other when brought nearer to¬ 
gether, and attract each other when further separated, 
within certain limits; and it is incontrovertible that they 
can only remain in a quiescent state, by the equilibrium 
of thc*sc opposite forces. The latter of these consti¬ 
tutes cohesion, and the existence of (he former is probably 
attributable to the substance of which wc arc now speak¬ 
ing. But be this us it may, it is at least a fact, that t^o 
repulsive energies of these corpuscles are increased, and 
the sphere of action enlarged by its influence, for the 
body becomes expanded; that is, this equilibrium no 
longer takes place, unless its niulccului' are removed fur¬ 
ther from each other than vv lien it was at a lower tempe¬ 
rature. Elevate its temperature still further, and the body 
fuses; that is, the attractive power of its particles becomes 
annihilated, or vvliolly cuunteiacted, and they arc only kept 
together, like u quantity of shot, by the action of gravity, 
operating independently on each. Increase still the action 
of beat on the body, and (he sphere of repulsion of its parti¬ 
cles, or tlic distance to which this power operates, again 
becomes much further extended, pel haps infinitely so, and 
is ihcrefure sufficient to overpower the action ot gravity, 
and the body |)ecoin(-s resolved into an clastic fluid. We 
know of no power that is capable of nsisting this univer¬ 
sal solvent: gold itself may be expanded into vapour by 
tlie actibn of iicat; antTns ibcsc effects arc always produ¬ 
cible by the same cause, so is it at least probable, that the 
converse of this is also true; that whenever a substance 
is formed in a slate of fluidity^ it is attributable solely to 
this cause, and tliat the abstraction of (he cnloric, by which 
it is held in solution, would again reduce, it lo a solid. 
Mercury is, wc know, capable of congelation; and the at¬ 
mosphere itself would ptubably become a concrete body, 
if we could deprive it of all, or the greater part of its beat. 
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Hence then we arrive at a very distinctive and appro¬ 
priate definition of caloric; that it is that substance, or 
affection of matter, which is the cause of fluidity, in all 
or the greater part of the bodies that we meet with in 
that state. 

For a fuller and more detailed account of caloric and 
»ts various propcrtii's. see Murray's or Thomson’s Chemis¬ 
try ; iin<{ for the ancient opinions on tliis subject see Meat. 

CAMBLIl-BE,\ M, a piece of limber cut arch-wise, or 
with an obtuse angle iu the middle. They are commonly 
used in platforms, as forchurch-roofs, and other occasions 
where long timbers are wanted to lie at a small slope. A 
camber-beam is much stronger than another of tbc samci 
dimensions; for being laid with the hollow side dovyn- 
wards, and having good butments at the ends, they serve 
for a kind of arch. 

CAiMLLEON, one of the constellations of tbc southern 
hemisphere, near the south pole, and invisible in our lati¬ 
tude. There are ten stars marked in this constellation in 
Sharpe’s catalogue. 

CA.MELOPARDALUS, a new constellation of the 
northern hemisphere, formed by Hevelius, consisting of 32 
stars first observed by him- It is situated between Cepheus, 
Cassiopeia, Perseus, the Two Bears, and Draco; and it 
contains 58 stars in the British catalogue* 

CAMERA MoUa, a name given by Kircher to a con- 
Invance for blowing tbc fire, for the fusion of ores, with¬ 
out bellows. 'I his is effected by means of water falling 
through a funnel into a close vessel, which sends from it 
so much air or vapour, as continually blows the fire. Ste 
Hooke’s Philos. Coll. No. 3, pa. 80. 

CAkiEriA iMcida, a contrivance of Dr. Hooke to make 
the image of any thing appear on a wall in a light room, 
either by day or night. See Philos. Trans. No. 38, pa. 741 . 
Another camera lucida has lately been introduced by 
William Hyde Wollaston, M. D. secretary of the Royal 
Society. 

Camera Obicura, or Dark Chamber, an optical ma¬ 
chine or apparatus, representing an artificial eye, by which 
the images of external objects, received through a double 
convex glass, arc shown tiistinctly, an«l in their native co¬ 
lours, on a white ground placed within the machine, in 
the focus of the glass. The jirst invention of the canicra 
obscura istucriljcd to John Bapiista Porta. Sec fais Ma- 
gia Naturalis, lib. 17, cap. 6, where he largely describes 
the effects of it. See also the end of Gravesande’s Per¬ 
spective, and other optical writers, for the construction 
and Use'S of various sorts of camera obscurns. 

This machine serves for many useful and entertaining 
purposes. For example, it is very useful in explaining 
the nature of vision, representing a kind of artificial eye*: 
it exhibits very diverting S|»eclnch*s; showing iinnges per¬ 
fectly like their objects, clothed in their natural colours, 
but more ifuijisc and vivid, and at the same time accom¬ 
panied with all their motions; an advantage which no art 
can imitate: and by this instrumeiu^a person unacqiiaint- 
ed' with painting, or drawing, may^clineate objects with 
the greatest accuracy of drawing or colouring. 

rheory of the Cumeru Obteura. The theory and prin¬ 
ciple ul this instrument may be thus explained. If any 
object AB radiate tjirough a sniall aperture l, upon a 
white ground opposite to it, within a darkened room> or 
tke; the image of the object will be painted on that 
ground in an inverted position. For, by the smallness of 

the aperture, the rays from tbc object will cross each other 
VoL. I. 
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there, the image of the point a being at a, and that of n 
at 6; so that the whole object ab will appear inverted, 
as at ab. And as the corresponding rays make equal an 
gles on both sides of the aperture, if the ground be pa¬ 
rallel to the object, their heights will be to each other di¬ 
rectly as their distances from the aperture. 

Construction of a Camera Obscura, in which tbc images 
of external objects shall be represented distinctly, and in 
their genuine colours, cither in an inverted or an erect si¬ 
tuation. 1st, Darken a chamber that has one of its win¬ 
dows looking towards a place containing various objects 
to be viewed, leaving only a small aperture open in one 
shutter. 2d, In this aperture fit a proper lens, cither pla¬ 
no-convex, or convex on both sides; the convexity form¬ 
ing a small portion of a large sphere. But note, that if 
the aperture be made very small, as of the size of a pea, 
the objects will be represented even without any lens at 
all. 3d, At a proper distance, to be determined by trials, 
stretch a paper or white clnh, unless there be a white 
wall at that distance, to receive the images of the objects: 
or the best w ay is to have some jilastcr of Paris cast on a 
convex mould, so as to form a ^nK)olh concave surface, 
and of a curvature and size ad.iptcd to the lens, to be 
placed occasionally at the proper distance. 4th, If it be 
desired to have the objecf.s appear erect, instead of in- 
verte<l, this may be done cither by placing a concave lens 
between the centre and the focus of the first lens; or by 
reflecting the image from a plane speculum inclined to the 
horizon in an angle of 45 degrees; or by having two lenses 
included in a draw-tube, instead of one. 

That the images be clear and distinct, it is necessary 
that the objects be illuminated by the sun’s light shining 
upon them Irom the opposite quarter: so that, in a west¬ 
ern prospect, the images will be best seen in a forenoon, 
an eastern prospect the afternoon, and a nortliern psospect 
about noon ; u southern aspect is the least eligible of any. 
But the best way of any is, if the lens he fixed in a pro¬ 
per frame, on the top of a building, and made to niovc*^ea¬ 
sily round in all directions, by a handle extended to the 
penon who manages the instrument; the images b?ing 
then thrown down into a dark room immediately below it, 
on a horizontal plaster of Paris ground a little concave: 
for thus a view of all the objects quite around may easily 
be taken in the space of a few minutes; os iu the case of 
the excellent camera obscura placed on the top of the 
Royal Observatory at Greenwich. 

“The objects will he seen btigbler, if the spectator first 
watt a few minuted in the dark. Care should also be 
taken, that no light escape through any chinks ; and that 
the ground be not too much illuminati d. It may fuitlier 
bo observed, that the greater distance there is between the 
aperture and the ground, the larger the images will be; 
but then at the same time the briglilness is w cakeiied mure 
and more with the increase of dis^ce. 
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To comlruct n Portable Canura Obscuro. 1st, Pfovjde 
a small box or chest of dry wood, about 10 mches broad, 
and 2 feet long or more, according to the size of the lenses. 
2d, In one side of it, as bd, fit a sliding tube ef with two 
lenses; or, to have the image at a less distance from the 
tube, with three lenses, convex on both sides; the diame¬ 
ter of the two outer ones to be about 7 inches, but that of 
the inner to be less, as A} or 5 inches. 3d, At a proper 
distance, within the box, set up perpendicularly an oiled 
paper GH, so that images thrown upon it may appear on 
the other side. 4th, In the opposite side, at 1. make a round 
hole, for a person to look conveniently through with both 
eyes Then if the lube be turned towards the objects, 
and the lenses be placed by trials at the proper distance, 
by sliding the tube in and out, the objects will be seen de¬ 
lineated on the paper, erect as before. 



The machine may be better accommodated for draw¬ 
ing, by placing amirrorto pass from G to c; for this will 
reflecUhe Image upon a rough glass plane, or an oiled pa¬ 
per, placed horizontally at ad; and a copy of U may 
there be sketched with a black-lead pencil. 





by day or candle-light-, and the print may be viewed 
throui the aperture in iii.—A variety of contnyances fot 
this purpose may be seen described in Harris s Optics, 
b ii sect. 4.—Mr. Storcr has also procured a patent for 
an instrument of this kind, which he calls a delineator; 
being formed of two double convex lenses and a plane mir¬ 
ror, fitted into a proper box. One lens is placed close to 
the’mirror, making with it an angle of 45 degrees; the 
other beino placed at right angles to the former, and fi.xed 
in a moveable tube. If the moveable lens be directed to¬ 
wards the object which is to be viewed or copied, and mo¬ 
ved nearer to or farther from the mirror, till the image is- 
idistinctly formed on a greyed glass, laid upon that surface 
of the upper lens which is next the eye, it will be found 
more sharp and vivid than those formed in the common in¬ 
struments; because the image is received so near the up¬ 
per lens. And by increasing the diameter and curvature 
of the lenses, the effect will be much heightened. 

CAMPANI (Matthew), an eminent Italian optician, 
born in the diocese of Spolcito, in the 17th century, but 
resided chiefly at Rome, where he was very eminent foe • 
his mechanical contrivances of optical and philosophical 
instruments, and for several books on such subjects; par¬ 
ticularly relating to pendulums, or timepieces, tor the lon¬ 
gitude; also to spectacles, and to telescopes, of which it 
IS said he made the very best and largest of his lime. It» 
said it was by his telescopes that the first Cassini made his 
bi-st observations and chief discoveries in the heavens; and 
they still show at Paris, among tlic astronomical antiqui¬ 
ties, several of Campani’s objcci/glasscs, of 8, 10, and 12 
inches diameter. He was curate at Rome, and much rc- 

***CAMPANI (Jobeph), younger brother and pupil to 
Matthew, above mentioned, was also very skilful in mecha¬ 
nics and physic, and executed his brother's plans with great 
ingenuity. They were both living in l678- 

CAMUS (Charles-Stepiien-Lewis), a celebrated 
French mathematician, examiner of the Royal Schools of 
Arlillf-ry and Engineers, secretary and professor of the 
Royal Academy of Architecture, honorary member of thht 
of the Marino, and fellow of the Royal Society of London, 
was born nlCrcssy cn Brie, the 25th of August 1699. His 
early ingenuity in mechanics and his own entreaties, in¬ 
duced his pirents to scud him to study at a college in Pa¬ 
ris, at 10 years of age; where in the space of two years his 
progress was so great, that he was able to give lessons in 
rnalhemalics, and thus to defray his own expenses at the 
college, without any further charge to his parents. By the 
assistance of the celebrated Varignon, young Camus soon 
ran through the course of the higher mathematics, and ac¬ 
quired a name among the learned. He made himself more 
particularly known to the Academy of Sciences in 1727» 
by his memoir on the subject of the prize which they had 
proposed for that year, viz, “ To determine the most ad¬ 
vantageous way ofraasling ships;” in consequence ofwhich 
he was named that yjw Adjoint-Mechanician to the Aca¬ 
demy; and in 1730 he was appointed professor of archij 


Another Portable Camera Obscura is thus made. 1st, On 
ihc (Op of a box or chest raise a little turret lit, open to¬ 
wards the object AB. 2d, Behind the aperture, incline a 
small mirror ab at an angle of 45 degrees, to reflect the 
rays An and Bb upon a lens o convex on both sides, and 
included in a tube ol. Or the lens may be fixed in the 

aperture. 3d, At the distance of the focus of this lens ocmj i •»*!« •i''- --i-r- 

place a table, or board ep, covered with a whitepaper, to lecture. In less than thr« years after, he w , . 
Jeceive the image ab. Lastly, In mn make an oblong with the secretaryship of the same; and ‘Stb of Apnl 

,_Tr _kt 17M hft obtained the decree of A^ocjatom the Academy, 


^ , ...... ^ 

aperture to look through; and an opening may also be 
made in the side of the box, for the conveniencig of drawing. 

This sort of camera is easily changed into a show-box, 
for viewing prints, &c: placing the print at the bottom of 
the box, with its uppeyoart inwards, where it is enlight¬ 
ened through the frw’wft open for this purpose, either 


1733, he obtained the degree of Associate in the Academy, 
where he distinguished himself greatly by his memoirs on 
living forces, or bodies in motion acted on by forces, on 
the figure of the teeth of wheels and pinions, on pump 
work, and several other ingenious memoirs. ^ . 

In 1736 he was sent, in company with Messieurs Clei- 
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raut* Mauperluis, and Monnier^ on llie celebrated expedi¬ 
tion to measure a degree at Uie north polar circle; in which 
lie rendered himself highly useful, not only as a roaihcma- 
tician, but also as a mechuniciau and an artist, branches 
for which he had a remarkable talent. 

In 1741 Camus had the honour to be appointed Pen¬ 
sioner-Geometrician in the Academy; and the same year 
he invented a gauging-rod and sliding-rule, proper at once 
to gauge all sorts of casks, and to calculate their contents. 
About the year 1747 be was named Examiner of the 
Schools of Artillery and Engineers: and, in 1756, one of 
the eight malheraalicians appointed to examine by a new 
measurement, the base which had formerly been measured 
by Picard, between Villejuifve and Juvisi; an operation 
in which his ingenuity and exactness were of great utility. 
In 1765 M. Camus was elected a fellow of the Royal So¬ 
ciety of London; and died the 4th of Ma) 1768, in the 
69th year of his age; being succeeded by the cedebraud 
d'Alembert in his office of Geometrician in the French Aca¬ 
demy; and leaving behind him a great number of manu¬ 
script treatises on various branches of the mathematics. 

The works published by M. Camus arc : 

1. Course of hlatbcmalics for the use of the Engineers, 
4 vols. in 8vo. 

2. Elements of Mechanics. 

S* Elements of Arithmetic. 

And his memoirs in the volumes of the Academy are: 

1. Of Accelerated Motions by living forces: vol. for 1728. 

2. Solution of a Geomet. Prob. of M. Cramer: 1732. 

3. On the 6gure of the teeth and pinions in clocks: 1733. 

4. On the action of a muskel-ball, piercing a pretty 
thick piece of wood, without communicating any consi¬ 
derable velocity to it: 1738. 

5. On the best manner of employing buckets for raising 
water: 1739. 

6. A Problem in Statics: 1740. 

7. On an Instrument for gauging of vessels: 1741. 

8 . On the Standard of the Ell Measure: 1746. 

9. On the tangents of Points common to several branches 
of the same curve: 1747. 

10 . On tlie operations in measuring the distance between 
the centres of the pyramids of ViUejuifve and Juvisi, to 
discover tbe best measure of the degree about Paris: 1754. 

] 1. On tbe Masting of Ships: Prize tom. 2. 

12. The Manner of working Oars: Mach. tom. 2. 

13. A Machine for moving many Colters at once: Mach, 
tom. 2. 

CANAL, in general, denotes a long, round, hollow in¬ 
strument, through which a fluid matter may be conveyed. 
In which sense, it amounts to the same as what is other¬ 
wise called a pipe, tube, channel, &c. Thus the canal of 
an aqueflucr, is the part through which the water pa^cs; 
which, in the ancient works of this kindf is lined with a 
coat of mastic of a peculiar composition. 

CavMj more particularly denotes a kind of artificial 
river, often furnished with locks and sluices, and sustained 
by banks or mounds. They are contrived for divers pur¬ 
poses: some for forming a communication between one 
place and another; as the canals between Bruges and 
Ghent, or between Brussels and Antwerp: others for the 
decoration of a garden, or house of pleasure; as the canals 
of Venailles, Fontaiubleau, St. James's Park, &c: and 
others arc made for draining wet and marshy lands; which 
lost, however, are more property called >Yalcr-gMgs, drains, 
ditches, &c. 


It is needless to enumerate tbe many advantages arising 
from canals and artificial navigations. Their utility is now 
so apparent, that most nations in Europe give the highc'st 
encouragement to undertakings of this kind, wherever they 
are practicable. Nor did llu ir advantages escape the ob¬ 
servation of the ancient:^; for in the earliest accounts of 
society we read of attempts to cut through large isthmuses, 
to make communications by water, rithcT between one sea 
and another, or between difiereiit nations, or distant parts 
of the same nation, where land-carriage was tedious and 
expensive. 

Egypt is full of canals, dug to receive and distribute the 
waters of the Nile, at the time of its inundation. They 
are dry the rest of the year, except tlic Canal ot Joseph, 
and four or five others, which may be ranked as consi¬ 
derable rivers. There were also subterraneous canals, or 
tunnels, dug by an ancient king of Eg)p(, by winch those 
lakes, formed by the inundations of Uic Nile, were con¬ 
veyed into the Mediterranean Sea. 

A new canal for convoying the waters of the Nile from 
Ethiopia into the Red Sea without passing into Eg)*pt, waa 
projected by Albuquerque, viceroy of India for tbe Por¬ 
tuguese, to render Egypt barren and unprofitable to tbe 
Turks. And M. GaiUlereau attributes the frequency of 
tbe plague in Egypt, of late days, to the decay or stopping 
up of tbe canals; which happened upon the Turks be. 
coming masters of the country. 

Herodotus relates, that the Cnidians, a people of Coria, 
in Asia Minor, designed to cut through the isthmus which 
joins that peninsula to the continent; but were supersti¬ 
tious enough to give up the undertaking, because it was 
interdicted by an oracle. 

Several kings of Egypt attempted to join the Red Sea 
to the Mediterranean; a project which Cleopatra was very 
fond of. This canal was begun, according to Herodotus, 
by Nccus son of Psanimottcus, who desisted from the at¬ 
tempt on an answer from the oracle, after having lost 120 
thousand men in the enterprise. It was resumed and com¬ 
pleted by Darius son of Hystaspes, or, according to Dio¬ 
dorus and Strabo, by Ptolemy PbiladclpUus j who relate 
that Darius relinquished the work on a representation 
made to him by unskilful engineers, that the Rod Sea, being 
higher than the land of Egypt, would overflow and drown 
the whole country. It was wide enough for two galleys to 
pass abreast, and its length was four days sailing. Dio¬ 
dorus adds, that it was also called Ptolemy s river; that 
this prince built a city at its muulh on the Red Sca^ which 
he called Arsiooe, from the name of his favourite sister; 
and that the canal might be either opened or shut, as oc¬ 
casion required. Died. Sic. lib. 1; Strabo, Geog. lib. 17; 
Herod, lib. 2. Soliman the 2d, emperor of the Turks, em¬ 
ployed 50 thousand men in this groat work; which was 
completed under the caliphate of Omar, about the year 
635; but it was afterwards allowed to full into neglect and 
disrepair; so that it is now difficult to discover any traces 
of it. Hist. Acad. Scicnc. ann. 1703, pa. 110. 

Both the Greeks and Romans intended to make a cnnal 
across tbe Isthmus of Corinth, which joins the Morcaand 
Achttia, for a navigable passage by the Ionian Sea into the 
Archipelago. Demetrius, Julius Csesar, Caligula, and 
Nero, made several unsuccessful efforts to op^n this pas¬ 
sage. But as the ancients were entirely ignorant of the 
use of water-locks, their whole attention was employed in 
making level cuts, which is probably the chief reason why 
they so often failed in their attempts. Charlcmagac formed 

2 M2 


I 



CAN 


CAN 


L £Ci 

A design of joining the Rhine and the Danube, to make a 
communication between the Ocean and the Black Sea, by 
a canal fruin the river Almutz which discharges itself into 
the Danube, to the Reditz, which falls into the .Maine, 
which lust fulls into the Rhine near Maycncc or Mentz : 
for this purpose he employed a prodigious number of work¬ 
men; but he met with so many obstacles from difl'erent 
qu.irters, that he was obliged to relinquish the atti iii|it. 

In China tlierc is scarce a town or village without the 
udvuntage either of an arm of tlic sea, a navigable river, 
or a canal, by which means navigation is rendered so com¬ 
mon, that there arc almost as many people on the water 
as the land. The great canal of China is one of the w on¬ 
ders of art, extending from north to south quite across the 
empire, from Pekin toCiintun, a distance of 5*25 miles, and 
was made upwards of 900 years ago. Its breadth and 
depth arc sufTicient to carry barks of considerable bdrthen, 
which are managed by saiU an<l masts, as well ns towed 
by hand. On this eau.il it seems the emperor employs 
near ten thousand ^llips. It passes through, or by, 41 
large cities ; there arc in it 7 3 vast locks and sluices, to 
keep up the water, and pass the ships where the ground 
will not admit of suflicient depth of channel, besides se¬ 
veral thousand draw- and other bridges. Indeed, F. Ma- 
gaillune assures us, there are passages by canals from one 
end of China to the other, for the length of 600 French 
leagues : and that a person may go from one end of the 
empire to the other, either by canals or rivers, I'xccpt a 
single day’s journey by land in crossing a mountain. 

The Ffeneb ut present have many line canals. That of 
Briere, otherwise called the Canal of Burgundy, was begun 
under Henry iv, and finished under the direction of Car¬ 
dinal Richelieu in the reign of Louis MU. This canal 
makes a communication between the Loire and the Seine, 
and so to Paris. It extends 11 French great leagues from 
Briere to Montargis, and lias 4? locks upon it. 

The Canal of Orleans was begun in 1675, for csUblish- 
ing a communication also between the Seine and the Loire. 
It is considerably shorter than that of Briere, and has only 
20 sluic<‘s. 

The Canal of Dourbon was but lately undertaken: its 
design is to make a communicutiun from the river Oise to 
Paris. 

But the greatest and most useful vvoik of this kind, is 
the junction of the Ocean with the Mediterranean by the 
Canal of Languedoc, called also the Canal of the Two Seas. 
It was proposed in the reigns of Francis i, and Henry iv, 
and was begun and finished under Louis x i v; having been 
planned by Francis Riqiiel in the year l666', and finished 
before hisdeath, which happened in l680. It begins with 
a large reservoir 4000paces in circumference, and 24feet 
deep, which receives many springs from the mountain 
Noire, ^he canal is about 200 miles in length, extending 
from Narbonne toTbolouse, being supplied by a number 
of rivulets in the way, and furnished with 104 locks or 
sluices, of about 8 feet rise each. In some places it is 
carried over bridges and aqueducts of v«st height, which 
give passage underneath to other rivers; and in some places 
it is cut through solid rocks for a mile together. 

The new canal of the lake Ladoga, cut from Volhnwa 
to the Neva, by which a communication is made between 
the Baltic, or rather Ocean, and the Ca-spion Sea, was 
begun by the czar Peter the 1st, in 1719: by means of 
which tlic English and Dutch merchandise is easily con- 
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vcyed into Persia, without being obliged to double the 
Cape of Good Hope. There was a former canal of com¬ 
munication between the Ladoga lake and the river Wolga, 
by which timber and other goods had been brought from 
Persia to Petersburg; but the navigation of it was so daiv- 
gcrous, that a now one was undertaken. 

The Spaiiiaids have several times had in view the dig¬ 
ging u canal through the Isthmus of Daiien, between North 
and South America, from Panama to Noinbre dc Dios, to 
make a ready communication between tlic Atlantic and the 
South Sea, nnd thus afford a straight passage toCbina and 
the Fa>t Indies. 

In the Dutch, Austriiiii, and French Netherlands, there 
is a great number of canals: that from Bruges to Ostciid 
canios vessels of 200 tons. But it would be an cndles* 
tusk to describe the numberless canals in Holland, Ger¬ 
many, Russia, &c. We will therefore only take a view of 
those in our own country. 

In England, that aiicienl canal from the river Nyne, a 
little bilow Petciborough, to the river Witliuni, three miks 
below Lincoln, called by the modern inhabitants Caeidike, 
may be ranked among the monuments of the Roman gran¬ 
deur, though it is now most of it filled up. Morton will 
have it made under the emperor Doniitian. Urns and 
medals have been disco^red on the banks of ibis canal, 
w hicli appt ar to confirm that opinion. Yet some authors 
lake it to be a Danish work. It vvas dOpiiles in length; 
and, so far as appears from the ruins, iniisl have been very 
broad and deep. Notwithstanding that corly beginning, 
it is but very lately that canals have been revived in this 
country.' They are now however bt chmc very numerous, 
particularly in the counties of York, Lincoln,and Cheshire., 
Most of the counties between the mouth of the Thames and 
■ the Bristol Channel arc connected, cither by natural or ar¬ 
tificial navigations; those upon the Thames and Isis reach¬ 
ing within 20 miles of those upon tlic .Severn. 

The canal for supplying I^ondon with water by means 
of the New River, was projected and begun by Mr. Ed¬ 
ward Wright, author of the celebrated treatise on Navi- 
gati<in, about the year iCOS ; but finished by Mr. (aflor- 
wards Sir Hugh) Middleton, five years after. This canal 
comniences tiear Ware, in IlertfordNhire, and lakes a 
course of 6*0 miles before it reaches the cistern at Islington, 
which supplies several water-pipes that convey it to the 
city and parts odjaemt. In some places it is OOfcct.dcep, 
and in others it is conveyed over a valley between two 
hills, by means of a trough supported by wooden arches, 
and rising above 2J feet in height. 

The DukcofBridgcwafei’sCanul, projected nnd executed 
under the direction of Mr. Brindley, was begun about iho 
year 1759. It was first designed only for convoying coals 
to Manchester, from a mine in the duke’s estate; but has 
since been applied to many other useful purposes of in¬ 
land navigation. This canal begins at a place called. 
Worslcy Mill, 7 miles from Manchester, where a bason is 
made capable of holding all the boats, nnd a great body of 
water vvhicb serves as a reservtitr or head to the naviga¬ 
tion. The canal runs through a bill by a subterraneous 
passage, large enough for admitting long fiat-bottomed 
boats, which are towed by a rail on each hand, near three 
quarters of a milc^to the coal-works. There the passage 
divides into two channels, one of which goes off 300 yards. 
to the right, and the other as many to tbc left; and both, 
may be continued at pleasure. The passage » in somq 
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places cut through the solid rock, and in others arched 
over with brick ; and uir-funncls, some of which are near 
37 yards perpendicular, arc cut, at certain distances, 
through the rock to the top of the hill. 'I'he arch at its 
entrance is about 6* feet wide, and about 5 feet high from 
the surface of the water; but widens within, so that in some 
places the boats may pass one another, and at the pits it 
is iO feet wide. When the boats are loaded aiui brought 
out of the bason, live or six of them are linked together, 
and drawn along the canal by a single horse, and thus 
reaching Manchester in a course of y miles. It is broad 
enough for two barges to puss or go abieust; and on one 
side there is a good road for the passage of the people, and 
the horses or mules employed in the work, 'l lie cantfl is 
raised os'Ci' puhtic roads by means of arches; and it pusses 
over the navigable river Irwell mar 5U feet above it; so 
that large vessels in full sail pass under the canal, while 
the duke's barges arc at the same time passing over tbem. 
'Jhis canal joins that wiiich passes from the river Mersey 
towards the Trent, taking in the whole a course of 3+ miles. 

The Lancaster Canal begins m ar Kendal, and terminates 
near Eccleston, comprelietiding the distance of 72i miles. 

The canal from Liverpool to Leeds is 108.J miles in 
length: that from Leeds to Selby, 23i miles; from Chi¬ 
chester to Middlevvich, Sh'J miles; from the Trent to the 
Mersey, SS mile.s; from the rreni to the Severn, 46J miles. 
Tlie llirmingham Canal joins' this near Wolverhampton, 
and is 24i miles; the Droitwich Canal is miles: the 
Coventry Canal, commencing near Lichfield, and Joining 
that of the Trent, is 3()i miU-s: the Oxford Canal breaks 
off from this, ami is 82 miles: the Chesterfield Canal joins 
the Trent near Gainsborough, and is 4-f miles. 

A communication is now formed, by means of this in- 
Iginl navigation, between Kendal and London, by way of 
Oxford; between Liverpool and Hull, by the way of Leeds; 
and between the Bristol Cliannel and the Humber, by the 
junction formed between the 'IVent and the Severn. Other 
schemes have been projected, «bich the present spirit of 
improvement will probably soon carry into execution, of 
opening n communication between the German and Irish 
seas, so as to reduce a hazardous navigation of more than 
800 miles byscu, into a little more than i AO miles by lano, 
or iiiliftid navigation; and also of jinniiig the Isis with the 
Severn; besidiit many other canals in various parts of 
England. 

In Scotland, a navigable canal between the Forth and 
Clyde, which divides that country into two paits, was me¬ 
ditated upon mure than a century since, for transports and 
small siiips of war. It was itgaiii projected in the year 
1722, and a surve y mafle; but nothing more was done till 
1761 , when the then Lord Napier, at his own expense, hud 
tt survey, plan, and estimate, maffe on a small scale. In 
1764 , the trustees for fisheries, Ac, in Scotland, procured 
another survey, plan, and estimate, of a canal A feel deep, 
which was to ^t 7P,00« pounds. In 1766, a subscrip¬ 
tion was obtained by a number of the most respectable 
merchant# in Glasgow, for iiiuking a canal 4 Let deep and 
24 feel ill breadth; but when the bill Mas nearly obluiiied 
in parliament* it was given up on account of the bniullncss 
of the scale, and a new subscription set on foul for a canal 
7 feet deep, estimated at 150,000 pounds# This obiuincd 
the sanction of parliament; ond tbc work was begun in 
1708, by Mr. Smeaton the engineer. The extreme length 
of the canal from the Forth to the Clyde is 35 miles, bc- 
ginniflgai the mouth of the Carron, and ending at Dalmurc 


BLirnfout on the Clyde, 6 rmlej beluu aiul 

lulling 160 lift by iiK Hiii ot jy l«>ck?A, 20 on ilit tuM M<ii 
of the sumuHt, and J.y on as the tide doe^ 

ebb M> loM in the Clyde uh in the Tonh by 0 het; umJ it 
was diopened to upssards of 8 leel. Thn^ canal whs linivh- 
fd H few years hinre, idtt r Inixin^ experienced some nitir- 
ruptions and delays, for want ol resources, and iscsteeun <i 
the greatest work of tlie kjn<l U) tins island. V'essels dran- 
icig 6 feet water, with ly feet in itic b<'am and 73 bei lu 
lengtri, pass xxiti* ease; and the nhole enierprisc* displays 
the ai l ot man mi a high degree. 'I'o 5U|>pjv liie canal with 
water was ol iisell u very iin*;il work, 'I'Ih re is one reser¬ 
voir of 50 acres feet deep, and aiioiher ol 70 acres 22 
feel deep, m mIiicIi many rivers an<l s|)Mni;x lernunaie, 
which it is expected will ulibrd sullicieni sujiply <d uuu r 
at all times. 

T/it I^aciicc of Citnal untl In/and i\uri'^aiions. 

'i‘be particular operalion^ necesNury for making artincial 
navigations depcmi u()on a variety ot circumstances. The 
situation of the ground; the vicinity or connexion of it 
with rivers; the ease or dillicuhy with which a proper 
<}uantily of water can be obtained: these and many other 
circumstances necessarily produce great variation in the 
structure of artihciul navigations, Hnd.uugment or diininish 
the labour and expense <d executing them. When the 
ground is naturally level, and unconnected with rivers, the 
execution is easy, and the na\igalion is not liable to be<lis- 
turbed by tioods: but when llie gr4>iintl lises ami lull'-, and 
cannot be reduced to a le\el, aitihcial methods of rai'^ing 
and lowering vessels must be enijiluyeil; wldch also %ary 
accunling to circuinscances. 

Sometimes a kind of temporary sluices arc employed* 
to raise boats o\er tails or slioals in rivers, by a very sim¬ 
ple Operation. 'lwt> pillais of mason-work, with groovi'S, 
are fixed, one each bunk of the river, at some distance 
below ihe shoal. The boat having pa>M*d these pillars, 
strong plunks are let d4)W'n acniss the river I'y pulleys into 
the gioovi's; by which means the water is dammed up to 
a proper height fur allowing the boat to puss up the river 
over the shuaL 

'Ihe Dutch and Flemings at this day sumetinu^, wdun 
obstructed by casca<U^, form an inclined plane or rolling- 
bridge upon dry land, along which their vessels are drawn 
Iroiie the river below Ihe cascade, into the liver above ii. 

I his, it is said, was the only method employed by the uii- 
cirnts, and is still soinetirncs used by theChiiK^e, 'llicse 
rolling-bridges consist of u number of cyliiulrica] ruhers 
winch turn easily on pivots# Ami a mill is comiuoiily 
built near; so that the same machinery may serve the dtiu- 
ble purpose of working the null and diuwing up vessels. 

But ill the prescml impioved stale of inland navigaiion, 
these JuUs and shoals are coininoidy surmounted by ineuns 
uf what are culled locks or sluici'S. A lock is a bason 
placed lengthwise in a river or canal, lined with walls of 
masonry 011 eucli side, and terminated by two gates placed 
across the caiml, where there is acitscadc or natural fall 
of the Country; and so constructed, that the bason biing 
filled with water by an U|iper sluice to the level of the 
waters above, a vessel may ascend through the upper gate; 
or the water in the lock being rt'duced to tlio level of the 
water at the bottom uf the cascade, die vessel may descend 
through the lower gate: for when the waters are brought 
to a level on either side, the gate on that side may be e 
opened. 

But as the lower g;Uc is strained in proportion to lha 
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of water it stipports, when the perpendicular height 
of the water oscc-cds 12 or 13 fret, it bccom« necessary to 
have more locks than one. Thus, if the fall be l6 f« , 
two locks are requin'd, each of 8 feet fall; and if the fall 
be 25 Icct, three locks are necessary, each having 8 feet 4. 
inches fall.— It is evident that the side-walls of locks 
should be made very strong; and where the natural foun¬ 
dation is bad, they should be foundeil on piles and plat¬ 
forms of wood. They should likewise slope outw..rds, in 
order to resist the pressure of the. earth tiom behind. 

To illustrate this by representations: Plate 0, hg. 1, is 
a perspective view of part of a canal, with several locks, 
&c; the vessel l. being within the lock ac.—F ig-2 is an 
elevation or upright section along the canal ; the vc^e l 
about to enter.—Fig. 3, a like section of a lock full of 
water; the vessel i. being raised to a h vel with the water 
in the superior canal.—An<l fig. 4 is the plan or ground 
section of a lock ; where L is a vessel in the inferior canal ; 
c, the under gate; a, the upper gate ; on, a subterraiienius 
passage for letting water from the supenor canal run into 
the lock ; and kk, a subterraneous passage for water from 
the lock to the iiUerioi canal. , ^ • w 

X and Y (fig. 1) arc the two flood-gates, each of which 
consists of two leaves, pressing against one another, so as 
to form an obtuse angle, the better to resist the pressure 
of tlic water. The first (x) prevents the water of the su- 
i)orioi* CiiDiil from falliiig into the lock; and the second (y) 
dams op and sustains the water in the lock. Ihcsc flood- 
nates ought to be very strong, and to turn freely on their 
hinges. They should also be made very tight and close, 
iharas little water as possible may be lost. And, to make 
them open and shut with case, each leaf is furnished with 

a long lever a6, a6; cb, cb. - 

By the subterraneous passage g if (fig.2, 3, 4) which 
descends obliquely, by opening the sluice o, the water is 
let down from the superior canal D, into the lock, where 
it is stopped and retained by the gate c when shut, till the 
water in the lock be on a level with the water in the su¬ 
perior canal d ; as represented in fig. 3. When, on the 
other hand, the water contained by the lock is to be let 
out, the passage on must be shut, by letting down the 
sluice o; the gate a must also be shut, and the passage 
KF opened by raising the sluice k. A free passage being 
thus given to the water, it descends through kf, into the 
inferior cnnali unlil the water in the lock be on a level with 
the watcrin the inferior canal a; as represented in fig.2. 

Now suppose it be required to raise the vessel l (fig.2) 
from the inferior canal B to the- superior one d. If the 
lock be full of water, the sluice o must be shut, as also 
the gate a, and the sluice K opened, so that the water in 
the lock may run out till it becomes level with the water 
in tlie inferior canal d. When the water in the lock is 
on a level with the water at b, the leaves of the gate c arc 
opened by the levers cb, which is easily performed, the 
water on each side of the gate being in cquilibrio; the 
vessel then sails into the lock. After this, the gate c and 
the sluice K are shut, and the sluice g opened, in order 
to fill the lock, till the water in the lock, and consequently 
the vessel, be upon a level with the water in the superior 
canal d ; as Is reprctcnicd in fig< 3. The gate A is then 
opened, and the vessel passes into the canal d. 

Again, let it be required to make a vessel descend from 
the canal d into the inferior canal B. If the lock be 
empty as in fig. 2 ,, the gate c and sluice K must bo shut, 
end the upper sluice o opened, so that the water in the 


lock may rise to a level with the water in the upper canal 
D Then, opening the gate a, the vessel will pass through 
into the lock. This done, shut the gate a and the sluice 
o; then open the sluice K, till the water in the lock be 
on a level with the water in the inferior canal; this done, 
the gate c is opened, and the vessel proceeds into the ca¬ 
nal n, as was required. 

Other contrivances have lately been made for raising and 
lowerin'^ the vessels between the under and upper canal, 

CANCKR, the Crab, one of tfic twelve signs of the zo¬ 
diac, usually drawn on the globe in the form of a crab, and 
in books of astronomy denoted by a character resembling 
the number sixty-nine, turned sideways, thus 23. 

'♦le munber of stars in the sign Cancer, Ptolemy makes 
13, Tycho *5, Bayer and Hcvelius29, and Flamsteed 83. 

Tropic q/'Canceb, a little circle of the sphere parallel 
to the equinoctial, .and passing through the beginning of 
the sign Cancer. 

CANULFMA9, or the Purijicaiion, a feast of the 
church, held on the 2d of Febru-ary, in memory of the pu- 
rificaiion of the Virgin; taking its name of Candlemas, 
cither from the number of lighted candles used by the Ro¬ 
mish church in the processions of this day, or because that 
the church then consecrated candles for the whole year. 

C A N ES Tenaltci, the Hounds, or the Greyhounds, one of 
the new constellations of the northern hemisphere, which 
llovelius has formed out of the unformed stars of the old 
catalogues. These two dogs arc further distinguished by 
the names of Aslerion and Chara. They contain 23 stars 
according to Hevelius, hut 25 in the British catalogue. 

CANICULAR, a name given by many of the earlier 
astronomers to the coDstcllation which we call the Lesser 
Dog, and Canis Minor, but some Procyon and Antccanis. 
Sec Canis Minor. 

Jt is also used for one of the stars of the constellation 
Canis Major; called also simply the Dog-star; and by the 
Greeks Sirius. It is situated in the mouth of the 

constellation, and is the largest and brightest of all the 
stars in the heavens. From the heliacal rising of this star, 
that is, its emersion from the sun’s rays, which now hap¬ 
pens with us about the I Ith of August, the ancients rec¬ 
koned their DicsCaiiicularcs, or Dog-days. 

The Egyptians and Ethiopians began their year at tb« 
heliacal rising of Canicula; reckoning to its riseagam the 
next year, which is called the Annus Conarius. 

CANICULAR Days, or Dog-days, denote a certain 
number of days, before and after the heliacal rising of ca- 
nicula, or the dog-star, in the morning. The ancients 
imagined that this rising of the star occasioned the sultry 
weather usually felt in the latter part of the summer, or 
doe-davs; with all the distempers of that sickly season ; 
Homer's 11. lib.5, v. 10, and Virgil’s/En. lib. 10. v.270- 
•Some authors say, froth Hippocmles and Pliny, that the 
day this star first rises in the morning, the sea boils, wine 
turns sour, dogs begin to grow mad, the bile Increa^ 
and irritates, and all animals grow languid; also that the 
diseases it usually occasions in men, arc burning fevcrSi 
dysenteries, and phrensics. The Romans sacrificed a 
brown dog every year to Canicula at his rising, to ap¬ 
pease its rage. All this however arose from the ground¬ 
less idea that the dog-star, so rising, was the occasion of 
the extreme heat and the diseases of tbat season: for the 
rising of the star not only varies, in any one year, oS the 
latitude varies, but is always later and later every year in 
all latitudes; so that in time the star may, by tho same 



CAN 


C A N 


[ ^ 7 ^ 3 


rules 1^^ chaffed witit bringing frost and snow, whon he 
rises in winter. 

The dog-days were comroonly reckoned about 40, viz, 
20 days before and 20 days after the heliacal rising; and 
almanac-makers have usually set down the dog-<iays in 
their almanacs to the changing time of the star*s rising, 
by which means they had at length fallen considerably 
after the hottest time of the year, till of late we have ob¬ 
served an alteration of them in the almanacs, and very 
properly, from JulyS to August 11. For, by the dog- 
days, the ancients meant to express the hottest time of the 
year, which is commonly during the month of July, about 
which time the dog-star rose hcliacally in the time of the 
most ancient astronomers that we know of: but the pre¬ 
cession of the equinoxes hn$ carried this heliacal rising in¬ 
to a much later and cooler part of the year; and because 
Hesiod tells us that the hot time of the year ends on the 
50th day after the summer solstice, which brings u$ to 
about August }0 or II, the above alteration appears to 
be very proper. 

CANiCOLAU Ytar^ denotes the Egyptian natural year, 
which was compute<l from one heliacal rising of Canicula 
to the next. I his year was also called annus canarius, 
and annus cynicus ; and by the Egyptians themselves the 
Setbicyear, from Seth, by w hich name they called Sirius. 
Some call it also the heliacal year. This year consisted 
ordinarily of ^5 days, and every 4lh year of 366; by 
which means it was accommodated to the civil year, like 
the Julian account. And the reason why they chose this 
star, in preference to others, to compute their time by, 
was not only the superior brightness of that star, but be¬ 
cause in Egypt its heliacal rising was a time of very sin¬ 
gular note, as coinciding with the greatest Hugmcntalion 
of the Nile, the reputed father of Egypt. Ephestion adds, 
that from the aspect of canicula, its^colour, &c, the Egyp¬ 
tians drew prognostics concerning the rise of the Nile; 
and according to Florus, predicted the future state of the 
year. So it is no wonder that the first rising of this star 
was observed with great attention. Bainbrigge, Canicul. 
cap. 4, p. 26. 

Can IS Mnjorf the Greal Dog^ a constellation of the 
southern hemisphere, below the feet of Orion, and one of 
the old 48 constellations. 'I lic Greeks, as usual, have 
many fables of their own about the exaltation of the dog 
into the skies; but the origin of this constellation, as well 
as its other name Sirius, lies more probably among tho 
Egyptians, who carefully watched the rising of this star, 
and by it judged of the swelling of the Nile, calling the 
stor the sentinel and watch of the year; and hence, ac¬ 
cording to their manner of hieroglyphic writing, repre¬ 
sented It under the figure of a dog. They also called the 
Nile Siris; and hence their Osiris. 

The stars in this constellation, Ptolemy makes 29; Tycho 
however observed only 13, and Hevelius 21 ; but in Flam¬ 
steed's catalogue they are Si. 

Cam 18 MinoTy a constellation of the northern hemi¬ 
sphere, just below Gemini, and is one of the 48 old con¬ 
stellations. Ihe Greeks fabled that this is one of Orion's 
hounds; but the Egyptians were most probably the in- 
ventors of this constellation, and they may have given it 
tots figure to express a little dog, or watchful creature, go¬ 
ing Uforc, as concTuctor of the larger, or rising before it t 

and hence the Latins have called it Antecaois, the star 
before the dog. 

The stars in (his constellation arc^ in Ptolemy's cata¬ 


logue 2, the principal of which is the star Procyon; la 
Tycho's, 5; in Hevelius’s, 13; and in flamslied^, 14. 

Cannon, m Mltllary Afiairs, a long round hollow 
engine, made of iron or brasx, ic, for throwing ball>,\c, 
by means of gunpow der. 1 lie length is distinguished into 
three parts ; the first reinforce, the second reinforce, and 
the chase : the inside hollow where the charge is lodged, 
being also called the chase, or bore. But lor the several 
parts and members of a cannon, sec Astragal, Bas^- 
HiNO, Bore, Bheixii, Cascadel, Cham, Mi zzle, 
Ogee, Reik force-ring, 'rucNNioNs, ^:c. Sue ulso 
Gun, and Gukneut. 

Cannon were first made of several bars of iron adapte d 
to each other lengthways, and hooped together with strong 
iron rings. They were employed in throwing stones and 
metal of several hundred weight. Others were made of 
thin sheets of iron rolled up, and hooped : and on emer¬ 
gencies they have been made of leather, with plates of iron 
or copper. 'I'heyare now* constituted of cast-iron or bniss; 
being cast solid, and the tube bored out of the middle by 
means of a very strong machine for that purpose. ^Vben 
or by whom cannon were first invented is uncertain. 

Larrey makes brass cannon the inwntion of J. Owen; 
and asserts that the first known in England, were in 1535 ; 
and further that iron cannon wore first cost here in 1547. 
He acknowledged that cannon were known before; and re¬ 
marks that at the battle of Cressy, in 1346, there were 5 
pieces of cannon in the English army, which were the first 
ever seen in Franco. Mezeray also observes, that King 
Edward struck terror into the Frencli army, by 5 or6pieces 
of cannon ; it being the first tune lliey had met such thun¬ 
dering machines. 

In the li^t of aids raised for the redemption of King John 
of France, in J3(i8, inuiition is made of an officer in the 
French uriny called Master of the King's Cannon, and of 
his providing 4 large cannon for the garrison of Harfleur* 
But Failior Daniel, in his Life of Philip of produces 

a proof from the rccunts of tho chamber of accounts at 
Paris, that cannon and gunpowder were used in tho year 
1338. And Du-Cungc even finds inention of the same 
engines in Froissart, and other French historians, some time 
earlier. 

The Germans carry the invention of cannon farther 
back, and ascribe it to Albertus Magnus, a Dominican 
monk, about the year 1230. But Isaac \"ossius finds 
cannon in China upwards of 1700 years ago; beinf^ used 
by the emperor Kitcy, in the year of Christ 83. The an¬ 
cients too, of Europe and Asia, ha<l their fierv tube's, or 
Canna?, which being loaded with pitch, sioius, and iron 
balls, were exploded with a vehement noise, smoke, and 
great cflfect. 

Cannon were formerly made of a very great lcn<)(h, w^iich 
rendered them exceedingly heavy, and tlicir use very 
troublesome and confined. But it has lately been found 
by experiment, that there is very little added to the force of 
the ball by a groat length of the cannon; and ibercforo they 
have very properly been much reduced both to ibcir length 
and weight, and rendered easily manageable on all occa¬ 
sions. lliey were formerly distinguished by many hard 
and terrible names, but are now only named from the 
weight of ihcir ball; as a 6 pounder, a 12 pounder, a 24 
pounder, or a 36 pounder, which is the Uirgcst sue now 
used by the English for battering. 

CANON, in Algebra, AritbmetiCi Geometrj*, &c, is a 
geoeial rule for ri^olving all cases of a like nature with the 
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prc^ciH inquiry- Thus the last step of every equation is 
a canni. anti if tnrnetl into wortls, becomes a rule to re¬ 
solve nil cases or questions of the same kind with that pro- 
po'-cd. 

'liibles of sine«, tanucnls, See, whether natural or arti¬ 
ficial. are also Called canons. 

Canon, in Ancient Music, is a method of determining 
the intervals of musical notes. Ptolemy, rejecting the Ari- 
stnxenian way of measuring the intervals in music by the 
inagnilude ot a tone, lormed by the ditlerence between a 
dia|)ente ami a diatessaroii, thought that they should be 
distinguislieii bv the ratios which the sounds terminating 
those inli-rvuls bear to one anoilicr, when consirlered ac¬ 
cording to their ilrgree of acutenc'S nr gravity ; which.ho- 
foro Aristoxr iuis, was the old i'ythagon an metho<l. He 
therefore made the diapason consist in a ilouble ratio; the 
<liapente consist in a sesqninlterate ; the diates«aron, in a 
srsrjiiiliTtian ; and the tone itself, in a sesqun>ctnvr; and 
all the other intervals, according to llie proportion of the 
sounds th.1t lermiiiate them : therefore, taking the canon, 
for a detcrmiiniteliiH* of any length, he shows in what man¬ 
ner it must be cut, to represent the respective intervals: 
and this method answers exactly to experiments in the dif¬ 
ferent Icngthsof musical chords. From this canon, Ptolemy 
and his followers have been called Canonici; as those of 
Arisfoxenus were called Musici. 

Canov, in Modern Music, is a short composition of 
two or more parts, in which one lends and the other fol¬ 
lows; and is a fugue so hound up, or restrained, that the 
following part or parts must precisely repeat the same 
notes, with the same degrees rising nr fulling, which were 
expressed by the loading part; it is therefore lied to so 
strict n rule, that it is called canon. 

Pascal Cauov, a table of the moveable feasts, showing 
the day of Faster, ami the other feasts depending on it, 
for a cycle or pcrio<l of 19 years. It is said that the Pascal 
Canon wa.s the calculation of Eusebius of Cmsarca, and 
that it was made by nr«U .' of the council of Nice. 

CANOPUS, a name given by some of the old astrono¬ 
mers to a star under the 2d bend of Eridanus. These 
writers say that the river in the heavens is not the Eridanus, 
but the Nile, and that this star commemorates an island 
made by that river, which was called by the same naaie. 

Canopus is also the name of a bright star of the first 
magnitude in the rudder of Argo, one of the southern 
coiisteUations. Its situation, as given by several authors, 
at different times, is as follows: 
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CANTALIVRRS, in Architecture, are the same with 
mndillions, except that the formernre plain, and thclattor 
carved. Tlieyarc both n kind of cartouscs, sot at equal 
distances under the coruna of the cornice of a building. 

CAN TON (John), an ingenious natural philosopher, 
was born at Strouri, in Gloucestershire, in 1718; and was 
placed, when young, under the care of Mr. Davis, an able 
mathematician orthat place, with whom he learnt the 
rudiments of arithinctic,&c. Me ncxiprocccdcdto higher 
paru of the mathematics, and particularly to algebra and 
a.stronomy, in which he had made a considerable progress, 
when his father took him from school and set him to learn 
his own busioe^, which whs that of a broad-cloth weaver. 
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This circumstance did not rlieck his zeal for acquiring 
knowledge. All his leisure time was devoted to the assi¬ 
duous cultivation of science ; and he had now acquired a 
sufficient knowle<!ge of astronomy to calculate lunar 
eclipses and other phenomena, and to construct various 
kinds of sun-dials, which be «lid at limes when he ought 
to have slept, anil without the knowledge of his father, who 
feared that the prosecution of such studies might injurehis 
health. It was during this discouragement, and at these 
hours, that he computid, and rut upon stone, with no 
better an instrument than a connmm kjiife, the lin« of a 
large upright sun-<lial, on which, beside the hour of the 
day, were shown the sun’s ri'ing, hi' place in the ecliptic, 
and some other particulars. When litis was finished and 
made known to his father, he pcrmitlcil it to he placed 
anainst the front of his house, where it excited ihe admi¬ 
ration of several neighbouring gentlemen, and introduced- 
young Canton to their acquaintance, which was followed 
by the offer ofthe use of their libraries. In the library of 
one of these gentlemen he found Martin’s Philosophical 
Grammar, which was the first book tliat gave him a taste 
for naturol philosophy. In the possession of another gen¬ 
tleman he first saw a pair of -globes ; a circumstance that 
afforded him great pleasure, from the great ease with which 
he could resolve Ihese problems he had hitherto been ac¬ 
customed to compute. 

Among other persons with whom our author Injcamc 
acquainted in early life, was Dr. Henry Allies of Tooting; 
who perceiving that be possessed abilities too promising to 
bo confined within the narrow limits of a country town, 
prevailed on his father to permit him to come to London. 
Accordingly he arrived at the metropolis the 4th of March 
1737, and resided with Dr. Miles at Tooling till the 6lh 
of May following; when he articled himself, for the term 
of 5 years, as an assistant to Mr. Samuel Watkins, master 
of an academy in Spital Square. In this situation his in¬ 
genuity, diligence, and prudence, were so distinguished, 
that on the expiration of his servitude in May 1742, he 
was token into partnership with Mr. Watkins for 3 years; 
which genilomaii he afterwards succeeded in the school, 
and there conlinuetl during liiswholo life. 

Towards the end of 1745, electricity received a great 
improvement by the discovery of the famous Leyden phial. 
Tliis event turned the thoughts of most of the philoso¬ 
phers of Eur«>pc to that branch of natural philosophy; and 
Canton, who was one of the first to repeal and to pursue 
the experiment, found his cndcavoum rewarded by many 
discoveries.—Towards the end of 174*), he was engaged 
with his friend, the late ingenious Benjamin Robins, in 
making experiments to determine the height to which 
rockets may be miidc to ascend, and at what distance their 
light may be seen.—In 1750 was read at the Royal So¬ 
ciety Mr. Canton’s “ Method of making Artificial Mag¬ 
nets, without Ihe use of, and yeUfar superior to, any natu¬ 
ral one's.” This paper procure him U»e honour of being 
elected H member of the Society, and the present of their 
gold medal. 'I he same year he was complimented with 
the degree of M. A. by the university of Aberdeen. And 
in 1751 he was chosen one of the council of the Royal 
Sociity. 

In 1752, our philosopher was so fortunate as to w the 
first person in England who, by atlracfing the electric fire 
from the clouds.during a thunder-storm, verified Dr 
Franklin’s hypothesis of the similarity of lightning and 
electricity. Next year his paperentitled “ Electrical £x- 
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periments, with an attempt to account for their several 
phenomena,” was read at the Royal Society; in which 
IVIr. Canton mentions his having discovered, by many ex¬ 
periments, that some clouds were in a positive, and some 
in a negative state of electricity: a discovery which was 
also made by Dr. Franklin in America much about the 
same time. This circumstance, together with our author's 
constant defence of the doctor’s hypothesis, induced tl(at 
excellent philosopher, on his arrival in England, to pay 
Mr. Canton a visU, and gave rise to a friendship which 
ever after continued between them.—-In the Ladies’ Diary 
for 1756, our author answered the prize query that had 
been proposed in the preceding year,concerning the meteor 
called shooting-stars. The solution, though only signed 
A. M. was so satisfactory to his friend, the excellent ma¬ 
thematician Mr. Thomas Simpson, who then conducted 
that ingenious and useful little work, that he sent Mr. 
Canton the prize, accompanied with a note, in which he 
said he was sure that he was not mistaken in the author 
of it, as no correspondent besides him, could have given 
that answer.—Our philosopher's next communication to 
the public was a letter in the Gentleman’s Magazine for 
September 1759, on the electrical properties of the tour¬ 
malin, in which the laws of that wonderful stone are laid 
down in a very concise and elegant manner. On the ISth 
of December in the same year, was read at the Royal So¬ 
ciety, An attcynpt to account for the Regular Diurnal 
Variation of the Horizontal Magnetic Needle; and also for 
its Irregular Variation at the time of an Aurora Borealis. 
A complete year's observations of the diurnal variations 
of the needle are annexed to the paper.—Nov. 5, J76l, 
our author communicated to the Royal Society an ac¬ 
count of the 1 ransit of Venus of the 6th of June that year, 
observed in Spital-square; and in 1/62 a letter addressed 
by him to Dr. Franklin was read, containing some remarks 
on Mr. Dclaval's electrical experiments. On the l6'th of 
Dec. the same year, another curious addition was made 
by him to philosophical knowledge, in a paper entitled 
Experiments to prove that Water is not Incompressible. 
And on Nov. 8, the year following, were read before the 
Society, his farther Experiments and Observations on 
the Comprwsibility of Water, and some other Fluids. 
These experiments arc a coronlete refutation of the famous 
Florentine experiment, which so many philosophers have 
rnentioned asa proof of the incompressibility of water. For 
this communication he received the Society’s gold medal. 

In 1768 our author communicated to the Society, An 
easy method of making a phosphoros that will imbibe and 
emit light like the Bolognian Stone; with experiments and 
observations. When he first showed to Dr. Franklin the 
instantaneous light acquired by some of this phosphorus 
from the near discharge of an electrified bottle, the doctor 
iramcdiatclycxcluimcd, “And God said, Let there be light, 
and there was light." t ® 

_ The Dean and Chapter'^f St, Paul’s'Iiaving, in a letter, 
dated March 6^ requested the opinion of the Royal 
Society relative to the best method of fixing electrical 
conducton to preserve that cathedral from injury by light¬ 
ning, Mr. Canton was one of the coramiUec appointed to 
take the letter into consideration, and to report their opi¬ 
nion thereon. The gentlemen who joined him in this bu- 

l^‘’*»vol, Dr. Franklin, Dr. Watson, and 
Mr. Wilson, fbcir report was made on the 8th of June 
loiiowing; and the mode recommtndcd by them has been 

Vot. I, ^ 


73 ] CAP 

carried into execution. Our author’s last communicalion 
to the Royal Society, was u pajicr read Dec. 2J, 170*), 
containing Experiments to prove that the Luminou-nvss 
of the Sea arises from the Putrefaction of its animal Sub¬ 
stances. 

Besides the papers above mentioned, Mr. Canton w rote 
a number of others, both in the earlier and the latter parts 
of his life, which appeared in several publications, and 
particularly in the Gentleman's .Magazine.—He died of a 
dropsy, the 22d of March, 1772, in the 54ih year of his 
age. 

CAPACITY, is the solid content of any body. Also 
our hollow measures for corn, beer, wine, Ac, are called 
measures of capacity. 

Capacity, 111 the Modern Doctrine of Heat, signifies 
the proportional capability of a given quantity of'any sub¬ 
stance to absorb and retain caloric; or that disposition or 
property by which various bodies respectively require more 
or less of this fluid to superinduce any given temperature 
in a given mass. SceCALoiiic and Temperatube 

CAPE, or Promontory, is any high land running out 
with a point into the sea; as Cape Verde, Cape Horn ihe 
Cape of Good Hope, See. ’ 

CAPELLA, a bright star of the first magnitude, in the 
left shoulder of Auriga. 

CAPILLARY Tubes, in Physics, are very minute pipes 
whose canals arc exceedingly narrow; being so called from 
their resemblance to a hair in smallness. Their usual dia¬ 
meter may be from ^ to of an inch : though Dr. Hooke 
assures us that he drew lubes in the flame of a lamp much 
smaller, and resembling a spider's tha*ad. 

The Ascent of Water, bic, in capillary tubes, is a'notej 
phenomenon in philosophy. Take scvcralsmall glass tubes, 
of diflTerent diameters, and open at both ends; immerse 
them a little way in water, and the fluid will be seen to 
stand higher in the tubes than the surface of the water 
without, and higher as the lube is smaller, almost in the 
reciprocal ratio of the.liamcter of the tube; and that both 
in open air and in vacuo. The greatest height to which 
Dr. Hooke ever observed the water to stand, in the smallest 
tubes, was 21 inches above the surface in the vessel. 

From this property,' of a higher ascent in smaller tubes, 
a neat experiment exhibits a pleasing appearance in this 
manner: Select a number of these glass tubes ail diflerent 
in their diameter, from the very smallest to the largest size- 
fix these against a small piece of board, all parallel and 
near to each other, with their lower ends ail on a, level 
and so as that the tubes may succeed each other in a re¬ 
gular gradation, from the smallest to the largest; then dm 
the whole mochino into water with the lower ends equally 
immersed, and It will be sc-en that, by the fluid ascendio" 
to different heights in tho tubes, the tops of the columnl 
will appear to form a regular curve line, being highest in 
the smallest tube, and lowest in the largest; and if the 
water be a little tinged with cochineal, or ink, &c, it will 
render theefft^t more visible and pleasing.—A more pleas- 
ing variety of this cxperirm-nt is made in the following 
manner: Take two equal sq^uare pieces of perfectly fla° 
gla«, of any convenient i>riCy o or 8 inches, for instance, on 
^ch siao; connect two of their equal edges close together 
by any means, but separate their ^^pposite edges a little 
from each other, by fixing a small bit of chip, &c, be¬ 
tween them, So as to give the two the appearance of a very 
tliiti wedge, which will represont, and have the cfTect of, 



C A K 


CAP 


r n* 3 


uii infinite number «>f cunliguuus lubes as disposed paraV* 
111 to ihe said clovid and o|Hiied edges; for then, on dip¬ 
ping the botintiis in the coloured waMT, ibis «iH be seen 
III ascend up between ihe two planes, highi-st on the side 
next tlii'ir closed edges, but gradually lower towards tlic 
opposite sides, the top of the fluiti forming a regular hy- 
pt rbolie curve line, to which the closed edges and the bot¬ 
tom nre scon as the asymptotes. 

This ascent mul suspension of the water in the tube, is 
by Ur. Jiirin, ^Ir. H.'iuksbci', and other philosophers, as¬ 
cribed to the attraction of the periphery of the concave 
surface of the tube, to w hich the upper surface of the water 
is contiguous and adheres. 

'I his lioes not however happen uniformly the same in all 
fluids, some standing higher than others; and in quicksil¬ 
ver the contrary lakes place, as that fluid stands lower 
within the tube than its surface In the vessel, and the lower 
as Ihe tube is smaller. See Philos. Trans. No. 355, or 
Cote's Ilydr. and Pneum. l^ct. p. 265. Bui these cflccts 
>u]iposc that the lubes arc used in the clean state in which 
(hey are naturally presented; for, by ccrlaki precautions, 
mercury may be shown to have a like elevation above the 
leviH. And if the interior of these tubes be coated over 
with greasy matter, such os oil or tallow, the usual effect 
will not lake place, as the fluid will retain its level. 

Another phenomenon of these tubes is, that such of them 
as would only naturally discharge water by drops, when 
electrified, yield a continued and accelerated stream ; an«l 
the acceleration is proportional to the smallness of the 
tube: indeed, the eflcct of electricity is so considerable, 
that it produces a continued stream from a very small 
tube, out of which the water had not before been able to 
drop. Priestley’s Hist. I'Meclr. bvo, vol. 1, p. I71» cd, 
3d. 

The cclebr.-ili d philosopher, Lnplace, has written pretty 
fully on the theory of this capillary attraction, confirming 
the opinion ofJurin and llauksbee, &c, above mentioned, 
and e.vpiaining U by mathematical calculations, in the 
Supplement to the lOih book of his Celestial Mechanics, 
on Capillary Attraction. On this subject, sec also Dr. 
Youngs paper on the cohesion of fluids, in the Philos. 
Trans, for 1805, or in his Natural Philos, vol 2; or Gre¬ 
gory’s Mechanics,vol. l,p. 393; or.lranslationoflUiiy's 
Nat. Philos, vol. I, p. 158; Nicholson’s Journal, Nos. 7*t 
76, N. S.; or Retrospect of Philosophical Discoveries, No. 
10 . 

Among the various methods of determining the diame¬ 
ter of a uniform capillary tube, the following appears the 
best and most accurate. .Pour into the tube a certain 
quantity of mercury, whose weight in troy grains is w, and 
measure carefully the length, I, of the tube which it oc¬ 
cupies, then is the diameter, d =: ‘0192523. For the 

sfi^ecific gravity of mercury bcing13568, a cubic inch weighs 
3435*10 grains: bcncc, I: dV x *785398 :: 3435*16 
grains: w:. Whence, multiplying extremes and means, 

wcgcl d = ^__ , = -0198553 Vp 

CAPITAL, in Architecture, the uppermost part of g 
column or pilaster, serving as a head or crowning to it, 
being placi-d immediately over the shaft, and under the 
entablature. It is made differently in the different orders, 
and is that indeed which chiefly distinguishes the orders 
themselves. 


Capital qfuBoition, is an imaginary line dividing any 
work into two equdl and similar parts; or a line drawn 
from the angle of tbc polygon to the point of the bastion, 
or from the point of the bastion to the middle of the 

C.APONiERE,or Capoxnip-rk, in Foritfication, is a 
passage made from one work to anolhiT, of 10 or 1.' feet 
wide,"and about five feet deep, covered on each side by a 
parapet, terminating in a glacis or slope: sometimw it is 
covered with planks and earth. 

CAPRA, or the She goat, a name given to the star Ca- 
pclla, on the left shoulder of Auriga; and sometimes to the 
constellation Capricorn. Some again represent Capm as 
a constellation in the nortboru hemisphere, consisting of 3 
stars, comprised between the 45lh and 55th degree of la¬ 
titude. The poets fable her to be Amalthea’s goat, which 

suckled Jupiter in his infancy. 

CAPRICORN, the (toat, a southern coii'tollalion, and 

the lOih sign of the zodiac, as also one of the 48 ori^nal 
constellations received by the Greeks from the Egyplians. 
The figure of this sign is draw n as having the fore part of a 
goat, but the hinder part of a fi.sli; and some times simply 
under the form of a goat. In writing, it is denoted by a 
character representing the crooked horns of u goat’s head, 

thus Icf. , _ 

The ^tars in this constellation, in Plolcmy s and Tychas 

catalogue, arc 28; in that of llcvcliiis, 29; though it is to 
be remarked that one of those in the tail, of the 6ih mag¬ 
nitude, marked the 27th in Tycho’s book, was lost in He- 
vclius’s time. Flamsteed givrt 51 stars to this sign. 

TYopic qfCAPRiconN, a small circle of the sphere,pa¬ 
rallel to the equator, passing through the loginning of Ca¬ 
pricorn, or the winter solstice, or the point of the sun i 
greatest south declination. 

CAPSTAN, a large massy column shaped like a trun¬ 
cated cone; being set upright on the deck of a ship, and 
turned by levers or bars, passing through holes In its upper 
extremity. The capstan is a kind of perpetual lever, or 
an axis-in-pcritrochio, which, by means of a strong ropp 
or cable passed round serves to raise very great wcighUi 
such as to hoist sails, to weigh tbc anchom, to draw the 
vessels on shore, and hoist them up to be refitted,&c. 

CAPUT Dhaconis, or dragon’s head, a name given by 
some to a fixed star of tbc first roagnilude, in the bead of 

the constellation Draco. . , t. . 

C.4RACT, or Carat, a name given to thc weight wMcn 

expresses the degree of goodness or fineness of gold. The 
whole quantity of metal is considered as consisting of 24 
parts, which are the carats; so that the carat is the 
24th part of the whole: this carat is divided into 4 equal 
parts, called grains of a carat, and the grains into halves 

and quarters. . , 

When gold is purified to the utmost dc^e 
that it loses no more by furthc||trial5, it is considered ^ 
quite pure, and said to bo 24 COTts fine; if it lose 1 • 

or 1 24th in purifying, it was of 23 carats fine; and if it 
lose 2 carats, it was 22 carats fine; and so on. 

CARCASS, is a hollow case formed of ribs of iron, and 
covered over with pitched cloth, &c, about the sisc o 
bomb shells; or sometimes made all of Iron except I’*® 
three holes for thc^fire to blaze through. These were filled 
with various combustibles, to fire houses, when thrown out 
of mortars into besieged places. 

CARCAVI (PRTERDE),wasbomalLyon8,butiD what 
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year i$ not knoun. Ho \va^ counsellor to the Parliamoiit 
of Toulouse, aflor\var<ls courisrlior to the grand council, 
and keeporsof the kings library. Ho was appointed geo* 
nK tricinn to the FroiicU Academy ol' Sciences in l666\ and 
died at Paris in l(i8K TIicro arc extant some letters of 
his, printed among those of l)es Cartes. 

Cardan (lIir.uoNYMUS, or jERoM),oric of the most 
estruordinary geniuses of his age, was bom at Pavia, in 
Italy, Sept. 24, 1601 • At 4 ycat'S old he was carried to 
Milan, his father being an advocate and physician in that 
city: at the age of 20 he entered the university of the same 
city, and prosecuted his studies with great success. In 1524 
he went to Padua, and the same ve«ir was admitted to the 
degree of masu-r of arts, and ilic year following, iliut of 
doctor of physic, lie married about liit'year 1.531 ; and 
became profcss<jr of mathcmalics at iMilan in 1533. In 
153p he was admitted a member of the college of physi¬ 
cians at Milan; in 1543 he read public lectures in medi¬ 
cine there, and the same at Pavia the year following; but 
in-conscc^uence of non-payment of his salary, he discon¬ 
tinued them, and returned to Milan. 

Inl552 he went intoScotland, having been sent for by the 
archbishop of St. Andrew's, to cure him of an afflicting 
asthma, after trying the physicians of the king of France 
and of the emperor of Germany, without receiving any 
benefit. He began to recover from the day that Cardan 
prescribed for him : our author retunicd at tho end of 6 
weeks and 3 days, leaving him prescriptions which in two 
years wrought a complete cure. On this visit Cardan 
passed through London, and calculated King Edward’s 
nativity ; being famous for bis pretensions in astrology, as 
well as his skill in mathematics and mc<iicine. Ueturning 
to Milan, after 4 months absence, he remained there till 
the beginning of Oct. 1553; and then went to Pavia, from 
whence he was invited to Bologna in 1553. He taught in 
this last city till the year 1570; at which time be was 
thrown into prison; but some months after he was sent 
home lo his own house. He quitted Bologna in 1571; 
and went to Rome, where he lived for some time without 
any public employment. He was however admitted a 
member of the college of physicians, and received a pen¬ 
sion from the Pope, till the time of his death, which hap¬ 
pened at Rome on the21stof September 1573. 

Cardan, at the same time that he was one of (he greatest 
geniuses and most learned men of liis age, in all the sci¬ 
ences, was one of the most eccentric and fickle in conduct of 
all men that ever lived; despising every good principle and 
opinion, and without one friend in the world. The same 
CHpriciousne-ss (hat was remarkable In his outward con¬ 
duct, is also observable in tbc composition ofhis numerous 
and elaborate works. In many of his treatises the reader 
is stopped almost every moment by theobscurity df his text, 
or by digressions from the point in band. In his arithme¬ 
tical writings there arc several discourses on the motions 
of the planets, on tbc creation, on the Tower of Dabc-I, and 
such like. And the apology which he made for these fre¬ 
quent digressions is, that he might by that means enlarge and 
fill up his book, his bargain with the bookseller being at so 
much perslicct; and that he worked as much for bis daily 
support as for fame.'Hie Lyons edition ofhis works, printed 
In 1563, consisU of no less than 10 volumes folio. 

In fact, when wc consider the transcendent qualities of 
Cardan's mind, it cannot be denied that he cultivated it 
with every secies of knowledge^ and made a greater pro¬ 
gress in philosophy, in the medical art, in astronomy, in 


mathematics, and the otb«T sciences, limn llic most pari o| 
his coniemporuries who had applied tlieinsi'Ives but l<> ' iic 
of those sciences. In particular, he was perhaps [lie le-t 
algebraist of his lime-, a science in which be made grtai 
improvements; and liis labours in cubic equations esp«- 
cially have rendered his name immortal, the rules for n- 
solving them having ever since borne bis name, ami aie 
likely to do so as long as this science exists, although he 
received the first knowledge of them from another persiui; 
the account of which, and his disputes with 'I'artalea, 
becn given at large under the article Algebra. 

Scaligcr affirms, that Cardan, having by asiruloey pre¬ 
dicted and fixed the time of his death, abstained Irom ull 
food, in order (hat his prediction might be verifi d, and 
that his continuance to live might nut discredit his ait. 
It is further remarkable, (hat Cardan’s father aUo died in 
this manner, in the year 1524, having abstained from sus¬ 
tenance for nine days. Our author, too, informs us tbut 
bis father had white eyes, and could see in the night-time. 

CARDINAL PoifUs, in Geography, are the cast, west, 
north, and south points of the horizon. 

Cardinal Poirus of the Heavens, oe of a Nativity, are 
the rising and setting of the sun, (be zenith and nadir. 

Cardinal Signs, are those at the four quarters, or. the 
equinoxes and solstices, viz, the signs Aries, Libra, Caucer, 
and Capricorn. 

Cardinal Winds, arc those that blow from the four 
cardinal points, viz, the cast, west, north, and south winds. 

CARDIOIDE, the name of a curve so called by Cas* 
tilliani.—But it was first treated of by Koersma, and Uy 
Carre. See Philos. Trans- 1741, and Memoires dc I’Acad. 
1705. 

The Cardioide is thus ge¬ 
nerated. APBisacircIc,and 
A B its diameter. Through 
one extremity a of the 
diameter draw any num¬ 
ber of lines apq, cutting 
the circle in p; upon these 
set off always pq equal to 
the diameter ab; so shall 
the points q be always in 
the curve of the cardioide. 

From this generation of the cun'e« its chief properties 
arc evident, vii, that, 
everywhere pq= ab, 

CQ, or OQ is = Ad or Sab, 

AQ = ab± AP, 
p always bisects qq. 

The cardioide is an algebraical curve, and the equation 
expressing its nature is this: putting 
a = A B the diameter, 

X = ao perp. to aa, 
y =: DQ perp. to ud ; then is 
y ~ 6ay 2xy — 6ax^ -t- S* \ 

•+■ 12ay — So’y -h 3a*x* j — 
which is the equation of the curve. 

Many properties of the cardioide may be seen in the 
places above cited. 

CARRE' (Lbwis), an ingenious maibematician and 
philosopher, was born in the year 1553, in Uie province of 
Brie ID France. His father, a substantial farmer, intended 
him for the church. But, after going through the usual 
course of education for that purpose, and having an utter 
aversion to it, he refused tn enter upon (bat function; bv 
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wlucli lie incurred hi> faihcT*s displeasure. Ills resources I. Roclificuhon of Curve Unes by Tangents : 1701* 

being thus cut off, he was obliged to quit the university, 2. Solution of a Rrob.. proposed to Geo metricians/Ate. 

and look into the world for some employment. In tins 1701. 

exigency he had the good-fortune to be engaged as an 3. Reflections on the Table of Equations: 1701* 
amanuensis by the celebrated Father Malcbranchc; by 4. On the Cause ol the Refraction ot Light: 1702, 

which he found himself at once transported from the mazes 5. Why the Tides arc always augmenting from Brest to 

of scholastic darkness, to the source of the most brilliant St. Male, and diminishing along the coasts nf Normandy: 
ami enlightened philosophy. Under this great master he 1702. 

studied mathematics and the most sublime metaphysics. 6. Number and Names of Musical Instruments: 170?. 

After seven years spent in this excellent school, M. Carre 7* On the Vinegar which causes small stones to roll 

found it necessary, in order to procure himself some less upon an inclined plane: 1703. 

precarious c^stablishincnt, to teach mathematics and philo- 8. On the Rectifleation 6cCf of the Caustics by reflect 
Sophy in Paris; but ospecittlly that philosophy which, on tion: 1703. 

account of its tendency to improve our mcirals, he valued 9* Method for the Rectification of Curves: 1704. 

more than all the mathematics in the world. And ac** 10. Observations on the Production of Sound : 1704. 

cordingly his greatest care was to make geometry serve as If. On a Curve formed from a Circle : 1705. 

an introduction to his well-beloved metaphysics. 12* On the Refraction of Musket-balls in water, and on 

Most of CarrO's pupils were of the fair sex. The first the Rv'sistance of that fluid : 1703. 
of these, who soon perceived that his language was rather 13. Experiments on Capillary Tubes: 1705. 

the reverse of elegant and correct, told him pleasantly 14. On the Proportion of Pipes to have a determinate 

that, ns an acknowledgment for the pains he took to teach quantity of whaler: 1705. 
her philosophy, she would teach him French; and ho ever 15. On the I^ws of Motion : 1706. 

after owned that her lessons wore of great sers’ice to him. 16. On the Properties ot Pendulums; with some new 

In general he seemed to set more value on the genius of properties of the Parobola: 1707. 
women than that of men. 17. On the Pro)>ortion of Cylinders that their sounds 

M. Carrf% although Ije gave the preference to the mela- may form the musical chords : 17^>.9* 
physics, did not neglect matiH'nmtics; and while he taught 18- On the Elasticity of the Air : 1710. 

both, ho took care to make himself acquainted with all 19* On Catoptrics: 1710. 

the new discoveries in the latter. This was all that his 20. On the MonochonI: in the Machines, tom. 1, with 

cpn<^tant attendance on his pupils would allow him to do, sonic other pieces, not maihcmaticaU 
till the year 16'97> when M. Varignon, so remarkable for CARRIAGE, o/a Oarmortf is the machine upon which 
his extreme scrupulousness in the choice of his cl^vcs, it is mounted ; serving to point or direct it for tiring, and 
took M.Carr6 to him in that station. Soon after, viz, in to convey it from place to place. 

the year 1700,our author, thinking himself bound to do Wheel CAnniAOE, one that is moiinlcd and moved 
something that might render him worthy of that title, pub- about upon wheels. Horst'S draw in general, to most ad^ 
lished the first complete work on the Integral Calculus, vantogc, when the direction of their draft is parallel to 
under the title of A method of measuring Surfaces and the ground, or mthcr n little upwards. A carriage also 
Solicls, and finding their Centres of Gravity, Percussion, goes easiest when the centre of gravity is placed very high; 
and Oscillation/^ He afterwards discovered some errors since, when once put in motion, it continue^ it with very 
in the work, and was candid enough to own and correct little labour to the horses. 

them in a subsequent edition. CARTES (Rene dbh), one of the most einitient phi* 

In a short lime M. Carre became associate, and at losophers and mathematicians of the I7lh century, or in* 
length one of the pensioners of the Academy. And ns deed of any ogc wdialevcr. He was descended of an an- 
ihis ^?as a sufficient establishment for one, who knew so cicnl noble family in Tourainc in France, being a younger 
well how to keep his desires within just bounds, he gave son of a counsellor in the parliament of Rennes, and wa4 
himself up entirely to study ; and as he enjoyed the ap- born March 31, 1596* His father gave him a liberal cdu** 
pointment of Mechanician, he applied himself more par- cation, and the more so as he observed in him the appear- 
ticularly to mechanics. He took also a survey of every ance of a promising genius, using to call him tho Phtloso* 
branch relating to music; such as the doctrine of sounds, pher, on account of Im insatiable curiosity in asking the 
the description of musical instruments; though ho dc- reasons of every thing that he did not undcretand. 
spised the practice of music, as a mere sensual pleasure* He soon made a remarkable progress in his studies, and 
Some sketches of his ingenuity and industry in this way from his infancy showed a decided taste for natural and 
may be seen in the Memoirs of the French Academy of philosophical knowledge, Disgusted with tho ja^on of 
Sciences. He also composed some treatises on other an absurd philosophy, he found’^oidy in mathematics tbfi 
br8nclu*s of natural philosophy, and some on mathema- certainty with which he was charnied. He gave himself 
tical subjects; all which ho bequeathed to that illustrious up chiefly to this science, and thence he derived the most 
body; though it docs not appear that any of them have solid and indisputed part of his renown. Yet this pbilo- 
^yet been published. It is not unlikely that he was hin- sopher, who taught others to think, who broke the yoke of 
dered from putting the last hand to them by a train of dis- antiquity, and re-established reason on her throne, this very 
orders proceeding from a bad digestion, which, after ho- Des Caries, was himsclflcd astray by his imagination. Let 
rassing him during the course of five or six years, at us respect his errors; for never did*un ordinary man fall 
length brought him to the grave in 1711, at 48 years of into the like. His edifice of Vortices, like the philosophy 

, of Aristotle, has been demolished by iho eflurts of his sut^ 

His memoirs printed in the volumes of the Academy^ cessors; though his system edneerning tho notarc of ani- 
wiih the years of the volumes, arc as belo^v. inals^ in which he saw no prihciple figporior to mechs** 
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nism, slill divides the literary world. Rut if we do not 
always fin<l trutb in the works of Dos Cartes, we are at no 
Joss to trace evident marks of genius. That philosopher 
was a profound thinker, and s|)C'nt his life in solitude. In 
vain did Cardinal Ilicliolieu, in the name of the king, offer 
him important po>is: Ik* preferred lii> reiironient to the 
slavery of honours. Vet, yielding to the urgent solicita¬ 
tions ofQinen Christina of Sweden, "ho wished to an<l 
converse with him, he repaired to Slackholtn. Uul the 
hours of their interviews were not regulated by flie habits 
of Des C<irtc*5, nor congenial to his nature. 'I'liat great 
man, born with a weak constitution, which was rendered 
still more clulicalc by his custom of nuditalin^’ in bed, 
could not long sustain the task of rising every morning at 
five o’clock, In llic winter rij’oun.ofa northern climate, 
to rc)iuir to Jhe library of Chri!>tinii. A tielluction on the 
lungs lerminated his life on the 11th of February, 

In 1667, his corpse was conveyed to France, and is now 
deposited in the Pantheon at Paris. 

“Nature,"says Voltaire, “had favoured Des Cartes with 
a strong and clear imagination, whence be became a very 
singular person, both in private life and in his manner of 
reasoning. This imagination could not be concealed even 
in his philosophical writings, which arc every where 
adorned with very brilliant ingenious metaphors. Nature 
had almost made him a poet; and indeed fie wrote a piece 
of poetry for the entertainment of Christina, queen of Swe¬ 
den, which however was suppressed in honour of his n»c- 
niory. He extendetl the limits of geometry as far beyond 
the place where he found them, as Newton did after him ; 
and first taught the method of expressing curves by equa¬ 
tions. Me applied this geometrical and inventive genius to 
dioptrics, which when treated by him became a new art ; 
and if he was mistaken in some things, the n-ason is, that a 
man who discovers a new tract of land, cannot at once 
know all the properties of the soil. Those who come after 
him, and make tlicse lands fruitful, are at least obliged to 
him for the discovery." Voltaire acknowledges, that there 
arc inntimernble errors in the rest of Des Cartes's works: 
but adds, that geometry was aguidc which he himselfhad 
in some measure formed, and which would have safely 
conducted him through the several paths of natural phi¬ 
losophy; yet he bad at last abandoned this guide, and 
gave enrircly into the humour of framing hypotlie.sc8; and 
iheii philosophy was no more than an ingenious romance, 
fit only to amuse the ignorant. ' 

It has been pretty generally acknowledged, that he bor¬ 
rowed bis improvements in algebra from Hurviot’s Artis 
Analytic® Praxis’; which is highly probable, as he was in 
Knglund about the time when Harriot's book was publish¬ 
ed, and follows the manner of Harriot, except in the me¬ 
thod of tioting the powers. On this head the followin" ancc- 
dote U related by Dr. Pell, in Wallis's Algebra, pa. 198. 
Jur Charles Cavenjiish, then resident in Paris, discoursl?t«r 
there with M. Rt»bcrval, concerning Des Cartes' Gcome° 
try, then lately published : I admire, said UobcrvnI, that 
method tn Des Cartes, of placing all the terms of the equa¬ 
tion on one bide, making the whole equal to nothing, and 
ow he fell upon it. The reason why you admire it, said 
t barleh, is because you are n Frenchman; for if you 
wore an Knglishman, you would not admire it. Why so ? 
asked Roberval. Because, replied Sir Charles, we in Eng¬ 
land kwow whence he bad it; namely, from Harriot's Al- 
gcDij. What book is that? says Roberval j I never saw 
ti. Nesa time yon come to my chamber, »aid Sir Charles, 


I will show It to you. Winch a while after he did and 
on perusal of it, Koberval excl.iimed with admiration. // 
la vu ! il I’a Til ' lie IukI seen ithe had seen it! finding 
all tliai ill Harriot which he had before admired in Du 
Cartes, and not doubting but that l)<-s Cartes had it from 
thence. Sc*e also Moiiiucla's !li>t<)ry of .Mathematics. 

The real imjirovenu nt of D. s C-iries in algebra and ^eo- 
nu'try, 1 have particularly treated o| under the article Al- 
OEBiiA ; and his philosojihicat doctrines are displayed in 
the article C.vrtesmn I'hilosophy, lien- f.illowing. He 
was never married, bin had one natiual diiu”htor, who 
died when she was five years <dd. 'Ihere have been se\t- 
ral eilitions of his works, ami commentario upon them ; 
particularly those of Schoolcn on his Ciconu frv. 

CARTF.Sl.W Philosophy, or Crtr/csnin/.oi;.'the system 
of philosophy advanced by Des Cartes, and niaintaiiieil by 
his followers, the (’artosians. 

The Cartesian philosophy is founded on two sreat prin¬ 
ciples, the one metaphysical, the other physical. The- 
metaphysical one is this; 1 think, therefore 1 am, or I 
exist: the physical principle is, that nothing exists but 
substances. Substance he makes of two kinds; the one 
a substance that thinks, the other n substance extended ; 
so that actual thought and actual extension make the es¬ 
sence of substance. 

The essence of matter being thus fixed in extension, 
I)i*s' Carles concludes lliot ihi re is no vacuum, nor any 
possibility of it in nature; but that the iimvorse is nbso- 
hitely full: by this principle, mere space is quite e.\- 
cluded; for extension being implied in the idea of space, 
matter is so too. 

Des Cartes defines motion to be tlie translation of a 
body from the neighbourhood of others that are in con¬ 
tact with it, and considered as at rest, to the neighbour¬ 
hood of other bodies; by wliicli he di*stroys the distinc¬ 
tion between motion that is absolute or real, and that 
which is relative or apparent. He maintains that the 
same quantity of motion is always preserved in the uni¬ 
verse, because God must be supposed to act in the most 
constant and immutable manner. And hence also he de¬ 
duces his three laws of motion. Sec Motion. 

On those principles, Des Cartes explains mechanically 
how the world was formed, and how the present phononil- 
na of noture came to arise. He .supposes that Goil created 
matter of an indefinite extension, which he separated into 
small cubic portions or masses, full of angles: that he 
impressed two motions on this matter; the one. by which 
each part revolved about its own centre; and another, by 
which an assemblage, or system of them, turned round a 
common centre. From whence arose ns many different 
vortices, or eddies, ns there were difierent masses of mat¬ 
ter, thus moving about common ccniies. 

The consequence of thi^sc motions in each voVtex, ac¬ 
cording to Des Cartes, is as follows: The parts of m.ilter 
could not thus move and revolve ninung one another, with¬ 
out having their angles gradually broken and this conti¬ 
nual friction of parts niid angles must produce three ele¬ 
ments; the first of these, an infinitely fine dust, formed of 
the angles broken oil; thc secoiid, the spheivs remaining, 
after all tfie angular parls arc thus removed; and those 
particles nut yet rendered smooth and sphoncal, but still 
retaining some of their angles, und hanious parts, form the 
third element. 

Now the first orsubtilesi element, according to the law» 
of motion, mu>t occupy the centre of each system, or vot- 
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tcx, by reason of tbo siimlliicss of its parts: ami this is the 
maUor wliich con'titutCN the sun, uiili the fixed stars 
above, and the (ire below. The second cU-ment, made up 
of sphere'', f"rius the atinovphere, and all the mailer be¬ 
tween (he eniili mul the fixed stars; in such sort, that the 
largest spheres arc always next the circumference of the 
vortex, an<l the smallest m-M its cenire. The third ele¬ 
ment, formed of the irregular particles, is the matter that 
composes the earth, and all terrestrial bodies, together 
with comets, spots in the sun, &c. 

He accounts for the gravity of terrestrial bodies from 
itie centrifugal force of the a;thcr revolving round the 
earth: aiul on the same general principles he pretends to 
explain the phenomena of the magnet, and to account for 
all the other operations in nature. 

The Cartesian system lias received many alterations arid 
aincndmeiits; ingenious men, for full a century, employing 
their talents in reforming one part, and new-modelling 
another*, but it is now generally acknowlerlged that the 
foundation was faulty, and the superstructure erroneous; 
so that the fabric, though allowed to be a work of genius, 
is abandoned in neglect and ruin, and is pointed at as a 
memorial of philosophical presumption. 

CA11TOUCIII-, in the Military Art, a case of wood, 
about 3 inches thick at the bottom, girt w ith marlin, hold¬ 
ing about 400 musket balls, besides 6 or 8 balls of iron of 
a pound weight, to be fired from howitzers for the defence 
of a pass, &c. 

CARTlUDCHi, in the Military Art, the charge or load 
of a fire-arm, wrapped up in a thick paper, pasteboard, or 
parchment, to be the more readily charged, or conveyed 
into the piece. Cartridges of cannon and mortars arc usually 
in eases of pasteboard, or tin, sometimes uf 'wood half a 
foot long ; taking up the place of the bullet in the piece to 
whose caliber the diameter is proportioned. Those of 
muskets, pistols, and small-arms, only contain the chaigc 
of powder, with a ball wrapped up in thick paper. 

Flannel cartrhlges are now preferred, because they do 
not retain till: fire, and are therefore less liable to acci¬ 
dents in loading. A parchment cap is made to cover 
them, in order to prevent the dust of powder from passing 
through them, which is taken off before they arc put into 
the piece. 

Caiitrioop,-box, a ease of wood or turned iron, co¬ 
vered with leather, holding a dozen musket-cartridges. It 
is worn upon a belt, and hangs u little lower than the right 
pocket-hole. 

CARY (Robert), a learned English chrunologcr and 
divine, was born at Cockington, in the county of Devon, 
about the year l6l5. He took his degrees in arts, and 
LL. D. in Oxford. After returning from his travels he was 
presented to the rectory of Purtlemuuth, near Kingsbridge 
in Devonshire: but not long after he was drawn over by 
the presbyterian ministers to their parly,,and chosen mo¬ 
derator in that part of the second division of the county of 
Devon, which was appointed to meet at Kingsbridge. And 
yet, on the restoration of Charles the Qd, he was one of the 
first to congratulate that prince on his return, and soon 
after was pxoferred to the archdeaconry of Exeter; but 
from which he was however some lime afterward ejected. 
The remainder of his days he spent at his rectory at Portle- 
mouth, and died in 1688, at 73 yean of age.—He pub¬ 
lished Palxiogia Chronica, a chronological account of an¬ 
cient time, in three parts: 1, Didacticol; 2, Apodidacti- 
cal; 3, Canonical: in l677< 
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CASATl (P.vitl), a learned Jesuit, boro at Placentia 
in 1617 . He entered early among the Jesuits; and after 
having taught mathematics and divinity at Rome, ho was 
sent into Sweden to Queen Christina, whom he prevailed 
on to embrace ibe popish religion. His writings are as 
follow: ■ 

]. Vacuum Pros< riptum.—2. Terra Machlnis mola.^ 

3 . Mcchanicorum, libri octo.—4. Dc Igne Disscrtaliunes. 

—5. Dc Angclis Disputatio Tiicolog.—6. Hydrostatics 
Disscrtalioncs.— 7 . Opiica; Disputationes. Itisremarkablc 
that he wrote this treatise on optics at 88 years of age, and 
after he was blind. He was also author of several books 
in the Italian language. 

CASCABEL, the knob or button of metal behind the 
breech of a cannon, serving as a kind of handle by which 
to elevate and direct the piece; to which somcadd the fillet 
and ogees as far as the base-ring. 

CASEMATE, orCazEMATE, in Fortification, a kind 
of vault or arch, of stone-work, in that part of the flunk 
of a bastion next the curtain; serving as a battery, to defend 
the face of the opposite bastion, and the moat or ditch. 

It is now seldom used, Wcausc the batteries of theenemy 
arc apt to bury the artillery of the case-mate in the ruins of 
the vault; beside, the great smoke made by the discharge 
of the cannon, renders it intolerable to the men. So that, 
instead of the ancient covered casemates, later engineers 
have contrived open ones, only guarded by a parapet,&c. 

Casemate, or Casement, in Architecture, a hollow 
moulding, which some aichitects make •J of a circle, and 
others i-. Casement is also used for a small moveable win¬ 
dow, usually within a larger, being made open to turn on 
hinges. 

CASERNS, orCAZRRSS,in Fortification, small rooms, 
or huts, erected between the ramparts and the houv-s of 
fortified towns, or even on the ramparts themselves; to 
serve as lodgings fur the suldiers on immediate duly, to 
ease the garrison. ' 

CASE-Siiot, or Cannistru-Siiot, arc a number of 
small balls put into a round tin ennnister, and so shot out 
of great guns. These have superseded, and been sub¬ 
stituted instead of, the grape-shot, which have been laid 
aside. 

CASSINI (Joiin-Dominic), an eminent astronoincr, 
was born of noble parents, at a town in Piedmont in Italy, 
June 8, 1625 . After laying a projper foundation in liis 
studies at home, he was sent to continue them in a college 
of Jesuits at Genoa. He had an uncommon turn for 
Latin poetry, which he exercised so very early, that some 
of his poems were published when he was but IX years 
old. At length he met with books of astronomy, which 
ho read with great eagerness. Pursuing the bent ofliis in¬ 
clinations in this way, he soon acquired a very extensive 
knowledge of the subject, and in l650 thesenatc pfdlologna 
invited him to be their public mathematical professor. 
Cassini was but 25 years of age when he went to Bologna, 
where he taught mathematics, and made celestial ol>scr- 
vations with great care and assiduity.—In ]652 a comet 
appeared, which he observed with great accuracy; and he 
discovert^ that comets were not bodies accidentally gen^ 
rated in the atmosphere, as had been supposed, but of the 
same nature, and probably governed by the same la^» »> ^ 
the planets. Th^ same year he resolved anastronomiwl 
problem, which Kepler and Bolliald had given up 
solvable; vi», to determine goomcirically the apogee and 
exccniricity of a planet, from its true and mean place,— 
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In 1653 , when a church in Bolugna was repaired and en- 
iarged, he obtained K*ave of the senate to correct and settle 
a meridian line, wliich had hi-cn drawn by an a-stronomi-r 
in 1575—III 1657 he attended, as an assistant, a noble¬ 
man, who'wa'-sent to Rome to conip«»c some diflermces, 
whic'h had arisen between Bologna and Ferrara, from the 
inundations ot the Po; and he showed so much skill and 
judgment in the management of the affair, that in 1663 
the pope’s brother appr.inted him inspector general of the 
fortifications of the castle of L’rbino: and he had after¬ 
wards Committed to him the care of all the rivers in the 
ecclesiastical state. 

Meanwhile he did not neglect his astronomical studies, 
but cultivated them with gri-iit care. lie made s*'\cral 
discovi ries relative to the planets Mars and Venus, parti¬ 
cularly ihc revolution of Mars about his axis: but the 
point he had cliieftyr in view, was to settle an accurate 
theory-o| Jupiter's satellites; which, after much labour 
and observation, lie happily effected, and published it at 
Rome, among other astronomical pieces, in l66'6. 

Picard, the French asIroDoincr, getting Cassini's tables 
of Jupiter's saicIliK's, found them so very exact, that he 
Mneeived the highest opinion of his skill ; and from that 
lime his fame increased so fast in France, that the govern¬ 
ment desired to have him a memberof the Academy. Cas¬ 
sini however could not quit liis station without leave of 
his superiors ; and therefore the king, Lewis the 14th, ri>- 
qui-su d of the pope and the senate of Bologna, that Cassini 
might be permitted to come into France. Ix-ave was 
granted for 6 years; and he came to Paris Jn the begin¬ 
ning of 16 * 69 , where he was immediately made the kino’s 
astronomer. When this term of 6 * years was nearly ex¬ 
pired, the pope and the senate of Bologna insisted on his 
return, on pain of !• rfeiting his revenues and eniolumeiits, 
wiicli had hitherto been faithfully remitted to him: but 
the minister Colbert notwithstanding prevailed on him to 
stay, and he was naturalized in 1673; the year in which 
he was married. 

The Royal Observatory of l>aris had been ffnished some 
time, 'i ho occasion of its being built was ibis : In l638, 

I he cv lebratcd Mersenne was the chief insti tutor and pro¬ 
moter of a sucicty, where ?cveral ingenious and learned 
men met together to talk upon physical and astronomical 
subjecU; among whom were Gassendi, Descartes, Mon- 
**'^"***’ Bulliald, our countryman Hobbes, &c: 
and this society was kept up by a succitsion of learned 
men for many years. At length the government considcr- 
»ng that a number of such men, acting in a body, would 
succeed much better in the promotion of science, than if 
they acted separately, each in his particular art or pro- 
vjficc, established under the direction of Colbert, in I 666 , 
the Royal Academy ofScieitces: and for the advancement 
of ^ifonomyin particular, erected the Royal Observatory 
at Pans, and furnished it with all kinds of instruments 


of Jupiter’s Satellites, corrected by later observations. 
In l69<3 he took a journey to Bologna, to examine the 
meridian line, which he had fixed there in 1655; and be 
showed, in the presence of tminerit mathematicians, that 
it had not varied m the least, during that 40 years. Jn 
1700 he continued the nundian line through France, 
which Picard hud begun, to the verj southern limits of 
that country. 

Our author n sided at the royal observatory for more, 
than 40 years, making many excellent and useful disco¬ 
veries. The titles of his publications occupy nearly 3 
pages in the closely printed index of R-./ier, and consv'- 
quenily far exceed our bounds even to enumerate in this 
place. He had the misfortune ip his latter years to l.e de¬ 
prived of his sight; and he ended a usetul and lionourablc 
life September l4th 1717, at the age of S7 years. 

CASSINI (J.vMEs), a celebrulcd I'rcnch astronomer, 
and memberof the several Academics of Sciences ol fiance, 
England, Prussia, and Bologna, was born at Pari', F» b. 13 , 
1677 , being the younger son ot Joho-Dominic Cussini, 
above mentioned, whom he succeedcil as astronomer at 
the royal observatory, the elder son having lost his life at 
the battle of La Hosue. 

After his first studies in his father's house, in which it is 
not to be supposed that mathematics and astronomy were 
neglected, he was sent to study philosophy at the Maza¬ 
rine college, where the celebrated Varignon was then pro- 
fessor of inalhemalics; from whose assistance young Cas¬ 
sini profited so well, that at 15 years of age he supported 
ajnathemalical thesis with great honour. At tlie age of 
1/ he was ad mi (led a member of the Academy of Sciences; 
and the same year he accompanied his father in his jour¬ 
ney to Italy, where he assisted him in the verification of 
the meridian at Bologna, and other measurements. On 
his return he made other similar operations in a journey 
into Holland, where he discovered some errors in the mea¬ 
sure of the earth by Snell, the result of which 'was com¬ 
municated to the Academy in 1702. lie also visited 
Enghind in 1696 , where he was made a member of the 
Royal Society.—In 1712 be succeeded his father ns astro¬ 
nomer royal at the observatory.—In 17 17 he gave to the 
Academy bis researches on the distance of the fixed stars, 
in which he showed that the whole annual orbit, of near 
200 millions of miles diameter, is but as a point in com¬ 
parison of this distance. 'Fbe same year he communicated 
also his discoveries concerning the inclination ofthe orbits 
of the satellites in general, and especially of those of Sa¬ 
turn’s satellites and ring.—In 1725 be undertook to deter¬ 
mine the cause ol the moon’s libration. 

In 1732 an important question in astronomy exercised 
t^hc ingenuity of our author. His father had determined, 
by bis observations, that the pluyiet Venus made one com- 
p etc revolution about heraxisin 23 hours: and fli. Bian- 
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completed iu 167^ 0? ^ " ^^-^^chini’s observaLns, which 


Completed ir* 1670. .Of this observatory, Cassini was an- 
pointed the firatinhabrter; which betook possession of In 
^pi. 1671. In 1672 he endeavoured to determine the 
para lax of Mars and the son; and in 1677 he proved that 
ihediurna rotation of Jupiter about his axis was per- 
o rot III 9 hours 58 minutes, from the motion of a spot 
w one of his larger belts: also in 1684 he discovered four 
I 9 of Saturn, bc>idc« that which Huygens had ob- 
«rvcd. Ill 1693 he published a new edition of bis Tables 


were upon the spots in Venus, he discovered that he had 
intermitted his observations for the dunilion of 3 hours, 
from which cause hehad probably mistaken new spots for the 
old ones, and so had bei n led into the mistake. He soon 
afterwards determined the nature and quantity of the ac¬ 
celeration of the motion of Jupiter, at half u second per 
year, and of that of the retardation of Saturn at two mi- 
nulw per year; that these quantities would go on increas¬ 
ing for 2000 years, and then would decrease again.—In 
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)740 hr publislicd his Aslroiioinical Tables ; and hisElc- 
mc-i.is ot AMroi.omy; both of which arc very cxlcnsive 

and acciirnt4' woik'. . . , r 

'I'houcli astronomy was the principal object ol our au- 
tlioi ’s toDsiileralion, he did not confine himself absolutely 
to that braiicli, but made occasional excursions mto other 
fii lds. W e ow e also to him, for example, Lxperinicnts on 
I leclficiiy, or the lisjht produced by friction; Experi¬ 
ments on the recoil of fire-arms ; !lcs< arch, s on the rise of 
the mercury in the haronii ler at dilTcrcnt heights above 
ilie level of the sea ; lleficclions on the pcrtecling of burn¬ 
ing-glasses; and other memoirs. 

The Ticnch Academy liad properly juilged that one of 
Its most important objects, was the measurement of the 
earth. In l60'9 Picard measured a little more than a de¬ 
cree of latitude to the north of Paris; but as that extent 
appeared too small from which to conclude the whole cir- 
(Uimfeionce with sulVicieut accuracy, it was resolved to 
continue that measurement on the meridian of Paris to tlic 
north and south, through the svholc extent of the country. 
Accordingly, in 1683, M. Lahirc continued that on 
the norlliside of Paris, and the older Cflssini that on the 
south side. The latter was assisted in 1700 in lhc»con- 
linuation of this operation by his son James. The same 
work was farther continded by the same Academicians; 
.•md finally the part left unfinished by Lahirc in the north, 
was finished in 1718 by our author, with the late Maraldi, 
.■»nd Lahirc the younger. 

These operations produced a considerable degree of pre¬ 
cision. It appeared also, from this measured exlijnt of 6 
degrees, that the degrees were of different lengths in diffe¬ 
rent parts of the meridian; and in such sort that our 
author concluded, in the volume published for 1718, 
that they decreased more and more towards the pole, 
and that therefore the figure of the earth was that of aii 
oblong spheroid, having its axis longer than the equa¬ 
torial diameter. He also measured the perpendicular to 
the same meridian, and compared the measured distance 
with the differences of longitude, as before determined by 
the eclipses of Jupiter's satellites; whence he inferred, that 
the length of the degrees of longitude was smaller than it 
would be on a spliere, and that therefore again the figure 
of the earth wus an oblongsperoid ; contrary to the deter¬ 
mination of Newton by the theory of gravity. In conse¬ 
quence of these assertions of our author, the French go¬ 
vernment sent two diftcrent classes of mathematicians, the 
one to measure a degree at the equator, and the other at 
the polar circle ; and the comparison of the whole deter¬ 
mined the figure to 1)0 an oblate spheroid, contrary to 
Cassini's determination. 

After a long and laborious life, our author James Cas¬ 
sini lost his life by a full in April 1736, in the 80^th year 
of his age, and was succeeded in the Academy and Obser¬ 
vatory by his second son Cesar-Fran^ois du Thury. He 
published A Treatise on the Magnitude andTigure of the 
Karth; ns also The Elements or Thqory of the Planets, 
with tables ; besides a great number of papers in the Me¬ 
moirs of the Academy, from the year I 099 to 1755. 

CASSINI DETiiunv (CesAa-FnANfois), a celebra¬ 
ted French astronomer, director of the observatory, and 
member of most of the learned societies of Europe, was 
born ut Paris June 17,1714* being the second son of Janes 
Cassini, whose occupations and talents our author inhe¬ 
rited and supported with great honour. FIc received his 
first lessons in astronomy and mathematics from MM. Ma- 
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raldi and Camus; and his progress was so great, that at 10 
years of age be was able to calculate the phases of the total 
eclipse of the sun of 17^7. At the age of 18 be accom¬ 
panied his father in his iwojourncys undertaken for draw¬ 
ing the perpendicular to the observatory meridian, from 
Strasbourg to Brest. From that lime a general chart of 
France was devised; forAvhich purpose it was necessary 
to traverse the country by several lines, parallel and per¬ 
pendicular to the meridian of Paris, and our author was ' 
intrusted with this business. He did not content himself 
with the measure of a degree by Picard; suspecting even 
that the measures which had been taken by his father and 
grandfather were not exempt from some errors the imper¬ 
fections of their instruments at least would be liable to, he 
again undertook to measure the meridian at Paris, by meaiii 
of a new scries of triangles, of a smaller number, and more 
advantageously disposed. This great .work was published 
in 1740 , with n chart showing the new meridian of Paris, 
by two different series of triangles, passing along the sca- 
coasts to Bayonne, traversing the frontiers of Spain to the 
hlcditcrranean and Antibes, and thence nhmg the eastern 
limits of France to Dunkirk, with parallel and perpendi¬ 
cular lines described at the distance of 6000 loises from 
one another, from side to side of tlic country.—In 1735 
he had been received into the academy as adjointsupcrnu- 
mcrary at 121 years of age. 

A lour which our author made in Flanders, in company 
with the king, about 1741, gave rise to the particular chart 
of Franco, at the instance of the king. Cassini published 
different works relative to these charts, and a great number 
■of the sheets of the charts themselves. 

In 1761 Cassini undertook an expedition into Germany, 
for the purpose of continuing to Vienna the perpendicular 
of the Paris meridian; to unite the triangles of the chart 
of France with the points taken in Germany; to prepare 
the means of extending into this country the same plan as 
in France; and thus to establish successively for all Eu¬ 
rope a most useful uniformity. Our author was at Vienna 
the 6lh of June 1761 , the day of the transit of Venus over 
the sun, of which he observed as much ns the state of tha 
weather would permit him to do, and published the ac¬ 
count thereof in his Voyage cn Allcmagnc. 

Finally, M. Cassini, always meditating the perfection of 
bis grand design, proposed at the peace between England 
and France in 1783,the joining ofccrlain points taken upon 
the English coast with those which had been determined 
ori the coast of France, and thus to connect the general 
chart of the latter with that of the British isles, like as ho s 
bad before united it with those of Flanders and Germany. 
The proposal was favourably received by the English g<^ 
vernmcni, and presently carried into effect, under the di¬ 
rection of the Royal Society, the execution being com¬ 
mitted to the late General Roy; after wl^ose death the bu¬ 
siness was for some time suspended; but it was afterwards 
revived under the auspices of the Duke of Richmond, Ma- 
ater-Genentl of the Ordnance, and the execution commit* 
led to the care of Col. Edward Williams and Captain (now 
Col.) William Mudge, both respectable officers of ihe.^ 
lillcry, and Mr. Isaac Dalby, who hod before accompanied 
and assisted General Roy; from whose united skill and 
ical the happiest prosecution of this business was to be ex¬ 
pected ; as it has since been most ably completed by Col. 
Mudge, now Lieut. Governor of the Royal Military Aca¬ 
demy; where as a cadet he received bis mathematics edu¬ 
cation under the direction of the author of this Dictionary. 
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The volumes of the Memoirs of the French Acaflemy 
for the years between 1735 and 1770 contain a prodigious 
number of papers by Cassini. They consist chiefly of 
astronomical observations and questions; among which are, 
Researches concerning the parallax of the sun, the moon. 
Mars, and Venus; On astronomical refractions, and the 
effect caused in their quantity and laws by the weather; 
Numerous observations on the obliquity of the ecliptic, 
and on the law of its variations. In short, he cultivated 
astronomy for 50 years, a period the most important for 
that science that ever elapsed, for the magnitude and va¬ 
riety of objects, in which he commonly sustained a consi¬ 
derable share. 

M. Cassini was of a very strong and vigorous constitu¬ 
tion, which carried him through the many laborious ope¬ 
rations in geography and astronomy which he conducted. 
An habitual retention of urine however rendered the last^ 
12 years of his life very painful and distressing, till it was 
at length terminated by the small-pox the 4lh of September 
1784, in the 7l5t year of his age; being succeeded in the 
academy, and as director of the observatory, by his only 
son Count John-Dominic Cassini; who is the 4ih in order 
by direct descent in that honourable station. 

CASSIOPEIA, one of the 48 old constellations, placed 
near Cepheus, not far from the north pole. The Greeks 
probably received this figure, as they did the rest, from the 
Egyptians, and in their fables added it to the family in the 
neighbouring part of the heavens, making her the wife of 
Cepheus, and mother of Andromeda. They pretend that 
she was placed in this situation, to behold the destruction 
of her favourite daughter Andromeda, who is chained just 
by heron the shore, to be devoured; and this as a punish¬ 
ment for her pride and vanity in presuming to stand the 
comparison of beauty with the Nereids. 

In the year 1572 there burst out all at once in this con¬ 
stellation a new star, which at first surpassed Jupiter him¬ 
self in magnitude and brightness; but it diminished by de¬ 
grees, till it quite disappeared at the end of 18 months. 
This star alarmed all the astronomers of that ago, *many <if 
whom wrote dissertations upon it; among the rest Tycho 
Brahe, Kepler, Maurolycus, Lj'cctus, Gramineus, and 
others. Ueza, the Landgrave of Hesse, Rosa, and some 
more, wrote to prove it a comet, and the same that appear¬ 
ed to the Magi at the birth of Christ, and that it came to 
declare his second coming: these were answered by Tycho. 

The stars in the constellation of Cassiopeia, arc in Plo- 
lemy^s Catalogue 13, in Hevelius's 37, in Tycho's 46, and 
in Flamstced^s 55. 

CASTELLI (Behedict Adbate), an eminent mathe¬ 
matician,wasborn ofanancienrand noble family atBrcdcia, 
in the yc*ar J577. In 1595 he entered into a monastery 
of the order of St. Benedict, in his native city. He was 
for some time a disciple of Galileo at Florence, and assisted 
him in his astronomical obsenations, and afterwards main¬ 
tained a regular correspondence with him. Under his 
name, the apology of Galileo against the censures of Lcu- 
dovico dellc Colombe and Vincent di Grazia appeared, 
tiuiugh it was principally^ written by Galileo himself. From 
l6l5 to 1625 he occupied the mathematical chair at Pi?a. 
In lo25 Casielli was invited to Rome by Pope Urban viii, 
and made mathematical professor in the college della Sa- 
pienza. 1 he subject of his particular attention, and in the 
investigation of which he chiefly excelled, was the motion 
of water; and in Io28 he published two works upon it, 
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which gained much reputation; viz, The Mensuration of 
running waters, and Geometrical Demonstrations of the 
mensuration of running waters. 'Ihcse have been late ly 
inserted in the collection ol the author's >vorks on .similar 
topics, printed at Florence, uiih other treatises on the la- 
gun%i of \’cnice, on the iinprovemcni (*f the Pontine, Bo¬ 
lognese, Ferrarese, and Romagtjcse marshes, Arc. GuglieU 
mini, though in other things he imjjiigns Custelli, allows 
him the honour of having fir^l applied ceomclry to the 
motion of water; and Montucia (lltdt. Matli. t.2, p. 201) 
calls him “ The creator of a new pan of hydraulics." He 
died at Rome in 1644. 

Castor, a moiely of the constellation Gemini; called 
also Apollo. Also a star in this constellation, wljose lati¬ 
tude, for the year 1700, according to Hovelius, \sas 
10^ 4' 20" north ; and its longitude o 16^ 4' 14'. 

C A SI OR and Pollux. See Gemini. 

C.ASTOR ond Pollux, in Meteorology, is a ticry rm- 
tcor, which at sea appeal's sometimes adhering to a pan of 
the ship, in the form of a ball, or even Si'voral balls. W hen 
one is seen alone, it is properly called Helena; but two arc 
called Castor and Pollux, and sometimes Tyndarid®. 

By the Spaniards, Castor and Pollux arc called Sou 
Elmo; by the French, St. Elmc, St. Nicholas, St. Clare, 
St. Hclcnc; by the Italians, Hermo; and by the Dutch, 
Vree Vuuren. 

The meteor Castor and Pollux, it is commonly thought, 
denotes a cessation of the storm, and a future calm ; as it 
is rarely seen till the tempest is nearly spent. But Helena 
alone portends ill weather, and denotes the se\crv*st part 
of the storm yet behind. 

W’hcn ibc meteor adheres to the masts, yard';, Arc, it is 
concluded, from the air not having motion enough to dis¬ 
sipate this flame, that a profound calm is at hand ; but if 
it flutter about, (hat it denotes a storm. 

CASTRAMETATION, the art, or act, of encamping 
an army. 

CATACAUSTICS, or Catacausiio CurocSf in the Higher 
Geometry, and in Optics, arc the species of caustic curves 
formed by reflection. These curves arc generated after the 
following manner: If there bean 
infinite number of rays ati, ac, 

AD, &c, proceeding from the ra¬ 
diating point A, and reflected at 
any given curve dcdii, so that 
(he angles of incidence be still 
equal to the angles of reflection; 
then the curve beg, to which the 
reflected rays Bi, ce, dp,&c, arc 
everywhere tangents, as at the 
points I, K, r, &c, is (he cata^ 
caustic, or cnus(ic-by-reflection. 

Or it is (he same thing as saying, that a caustic curve is 
that formed by joining the points of concurrence of the 
several reflected rays. 

Some properties of thc§e curves arc as follow*. If the 
reflected ray xb be produced to k, so that ab = dk, and 
the cur>*e kl be Ithe evolutc of the caustic deg, beginning 
at the point k; then the portion of the caustic be Js 
sss (ac — ab) h- (ce bi), that is, the difference of the 
two incident rays added to the difference of the two re¬ 
flected rays. 

W'hun the given curve bco is u geometrical one, the 
caustic will be so too, and will always be rectifiable. Tlic 
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caushc of the circlo is a cycloirf, or fpicycloid, formed by 
Ihe revolution of a circle upon a circle. 

Thus, APD being a semi¬ 
circle, exposed to parallel 
rays; then those rays which 
fall near the axis cn will be 
reflected to r, the middle 
pointof nc; and those which 
fall at A, as they touch the 
curve only, will not be re¬ 
flected at all; but any intermediate ray ill will be reflect¬ 
ed to a point k, somewtiore between A and Y. And since 
every difieivnt incident ray will have a ditfercni focal 
point, therefore those various focal points will form a curve 
line AF.F in one ijiiadrant, and kod in the other, being the 
Cycloitl above mentioned. The caustic of the common cy¬ 
cloid, when the rays an- parallel to its axis, is also a com¬ 
mon cycloid, •Icscribiul by ilio revolution of a circle on the 
same base. 'I'hc caustic of the logarithmic spiral, is the 
same curve. 

The catacaustic may be beautifully exhibited experi¬ 
mentally by exposing the inside of a smooth bowl, or glass, 
to ihcsun-beatns, or strong candle-light; for then this curve 
AEi’GP will appear plainly delineated on any white surface 
placed hnrirontally within the same, as on the surface of 
milk contained in the bowl. 

The principal writers on the caustics arc, I’Hospilal, 
Carrt, &c. See Motnoircs de I'Acad. an. l 66 h' & 1703. 

CATACOUSTICS, or Cataphonks, is the science of re¬ 
flected sounds; or that part of acoustics which treats of 
the properties of echoes. 

Catacoustics, in Military Language, are feodtes or 
small galleries, from distance to distance, in front of the 
glacis of a fortilied place, all of which communicate with 
a gallery that is. carried parallel to the covert-way. The 
bi-sieged make use of them in going to meet the enemy's 
miners, and interrupt their progress. 

CATADIOPTRICAL Telescope, the same as Reflecting 
Telescope; which see. 

CATALOGUE <tf the Stars, is n list of the fixed stars, 
disposed according to some order, in their several con- 
, stcllations; with the longitudes, latitudes, right ascensions, 
&c, of each. 

Catalogues of the stars have usually been disposed, 
cither as collected iiitocertain figures called constellations, 
or according to their right ascensions, that is the order of 
their passing over the meridian. All the catalogues, from 
the most ancient «lown to Flamsteed’s inclusively, were of 
the first of these forms, or in constellations ; but most of 
the Olliers lliul have since appeared arc of the latter form. 
Its being much more convenieoi for most purposes. In¬ 
deed one has lately been constructed in which the stars are 
disposed in classes according to aones or degrees of polar 
distance. 


Hipparchus of Rhodes first undertook to make a cata¬ 
logue of the slurs, about 128 years before Christ; in wbich 
he made use of the observations of Tinjocharis and Ari- 
styllus, for about KOyears beforehim. Ptolemy retained 
Hipparchus’s catalogue, conlaining 1026 fixed stars in 48 
cunsti'Daiions, though he himself made abundance of ob¬ 
servations, with a view to a new catalogue,an. Dorn. 140 
Albatcj^iii, a Syrian, brought the same down to his own 
time, VI 2 , about the year of Christ 880. Anno 1437, Ulugh 
Hcigi), or Beg, king of Partliia and India, formed a new 


catalogue of 1022 fixed stars, or according to some 10 l 6 ; 
since translated out of Persian into Latin by Dr. Hydc,in 
1665 . The third person who made a catalogue of stars 
from his own observations was Tycho Brah 6 , who deter¬ 
mined the places of 777 stars, for the en<l of the year l600* 
which Kepler, from other obsc^^•ations of Tycho, after¬ 
wards increased to the number of 1000 in the Rudolpbine 
tables ; adding those of Ptolemy and other authors, omit¬ 
ted by Tycho; so that his cal.ilogue amounts to above 
1160 . About the same time, William landgrave of H<'sse 
with his mathematicians Byrgius and Rothman, deter¬ 
mined the places of 400 stars from new observations, rec¬ 
tifying them for the year 1593 ; which Ilevelius prefcnlo 
those of Tycho. Ricciolus, in his Astronomia Reforniata, 
determined the places of 101 stars for the year 1700, from 
his own observations: for the rest, he followed Tycho’s 
catalogue; altering it where he thought proper. Anno 
1667 Dr. Halley, in the island of St. Helena, observed 
350 of the southern stars, not visible in our horizon. The 
same labour was repeated by Father Noel in 1710, who 
published a now catalogue of the same stan constructed 
for the year 1687 . Also De la Caille, at the Cape of 
Good Hope, made accurate observations of about 10 
thousand stars near the south pole, in the years 1 75 1 and 
1752; the catalogue of which was published in the Me¬ 
moirs of the French Acwlemy of Sciences for the year 
1752, and in some of his own works, as more particularly 
noticed below. 

Bayer, in his Uranometria, published in l603 a cata¬ 
logue of 1160 stars, compiled chiefly from Ptolemy and 
Tycho, in which every star is marked with some Utter 6 f 
the Greek alphabet; the brightest or principal star In any 
constellation being denoted by the first letter of the al¬ 
phabet, the next star in order by H»c second letter; and so ' 
on; and when the number of stars e.xcccds the Greek al¬ 
phabet, the remaining stars arc marked by the letters of 
thcRomnnalphabet; which letters are preserved by Flam¬ 
steed in his catalogue, and also by Sencx on his globes, and 
indeed by most astronomers since that time. 

In 1673 , the celebrated John Ilevelius, of Dantzic, pub¬ 
lished, in hisMuchinn Cmlcslis, a catalogue of 1888 stars,, 
of which 1553 were obscrvctl by himself; ami their |»lacc»- 
set down for the end of the year 16'6'0. But this catalogue,, 
as it stands in Flamsteed’s Mistorfa Calestis of l7'25, con¬ 
tains only 1520 stars. 

The most complete catalogue ever given fronj the la¬ 
bours of one man, was the Britannic cniuloguc' compiled 
from the observations of the accurate nnd indcfaiigablo 
Mr. Flamstectl, the first Royal Astronomer at Greenwich 
who fora long scries of years devoted himself vvholly to 
that employment. As there was nothing wonting, either 
in the observer or apparatus, this may be considered as a 
perfect work, so far us it goes. It is however to be ro- 
grettee} that the edition did not pass through his own 
hands: that now extant was published by authority, but 
without the author’s consent, and contains 2734 stars. 
Another edition was published in 1725, pursuant to his 
tntament, containing 3000 stars, with their places adapted 
to the beginning of the year 16*89; to which is added Mr, 
Sharp's catalogue of the southern stars not visible in our 
hemisphere, set down for the year 1726. SeC vol.'S of his- 
Historia Coelestis, in which are printed the catalogues of 
Ptolemy, Ulugh Beigh,Tycho,the Prince of Hesse, andHcve- 
lius; with an account of each of them in the Prolcgomens- 
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The first catalogue, we believe, that was printed in the 
new or second tofm, according to the order of the fichl 
ascensions, is that ol Lncaille, given in his Ephemerides 
for the 10 years between 1755 and 1765, and printed in 
1755. It contains the right uscension^ and declinations 
of 307 btars, which arc rectified to the beginning of the year 
1750.—In 1757, Lacaille published his Astroiiomiaii‘'un> 
daroente, containing a catalogue of the right ascensions 
and declinations of 3£)8 stars, likewise adapted to the be¬ 
ginning of 1750.—And in 1763, the year alter bis death, 
was published the Ccelum Australe Stelliferum of the 
same author; containing a catalogue of the places of 1942 
stars, all situated to the southward of the tropic of Ca¬ 
pricorn, and observed by him while he was at the Cape of 
Good Hope, in l/si and 1752; their places being also 
suited to the beginning of 1750.—In the same year was 
j>ublished his Ephcmcrides for the 10 years between 1765 
and 1775 ; in the introduction to which are given the 
places of 515 2odiacal stars, all deduced from the obser¬ 
vations of the same author; aod adjusted to the beeinnin" 
of the year 1765. “ ** 

In the Nautical Almanac for 1773,15 given a catalogue 
of 387stars, in right ascension, declination, longitude, and 
latitude, derived from the observations of the late cele¬ 
brated Ur. Bradley, and adapted to the beginning of the 
year 1760. This small catalogue, and the results of 
about 1200 observations of the moon, are all that the pub¬ 
lic have yet seen of the multiplied labours of this most ac¬ 
curate and indefatigableobserver, though he has now (1814) 
been dead upwards of 52 years. 

In 1775 was published a thin volume entitled Opera 
loedita,containing several papers of the lateTobiasMaycr, 
and among them a catalogue of the right ascensions and 
declinations of 9S8 stan, which may he occulted by the 
moon and planets; the places being adjusted to the be¬ 
ginning of theycar 1756. 

At the end of the first volume of Astronomical Obscr- 
vations made at the Royal Observatory at Greenwich, 
published in 1776, Dr, Maskelync, the late Astronomer 
Royal, gave a catalogue of the places of 34 principal 
stars, in right ascension and norlb-polar distance, adapted 
to the bepnniog of the year 1770. These being the r«uU 
Of several years repeated observations^ made with the ut* 
most care and the best instruments, may be presumed to 
1)e exceedingly accurate. 

lu 1782, Al. Bode, of Berlin, published a very exten¬ 
sive catalogue of 5058 of the fixed stars, collected from 
the o^rvatioiuof Flamsteed. Bradley, Hevelius, Mayer, 
Lacaille, Alessier, Monnier, D'Arquier, and other astro¬ 
nomers; 'all rectified to the beginning of the year 1780 ; 
and accompanied with a Celestial Atlas, or sets of maps 
of the constellations, engraved iu a most delicate and 
beautiful manner. 

To these may he added, Ur. Hersclicrs catalogue of 
double stars, printed in the Philos. Trans, for 1782 and 
1783 ; Messier's ncbulaj and clusters of stars, published 
»n the Connoissancc des Temps for 1784; and Hcrschel’s 
wtaloguc of the same kind, given in the Philos.Trans. for 
i/oOf and other years* 

In 1789, the Rev, Francis Wollaston published A Spe¬ 
cimen of a General Astronomical Catalogue, in Zones 
of North-polar Uistance, and adapted to Jan. 1, 1790. 

J bese stars are collected from all the catalogues before- 
mentioned, from that of Hcvelius downwards. This work 
comams five distinct catalogues; vie, Dr. MaskcJyne's 


new catalogue of 36 principal stars ; a general cat.ilo<ru< 
of all the Stan., in zones ol north-polar distance; an "ju¬ 
dex to the geiK-ral catalogue ; a catalogue of all the stars 
in the order in which they pass the iiiendian ; and a cata¬ 
logue of zodiacal stars, in lou^tude and latitude. 

In 1792. Dr. Zach published at Gotha, Tabula Mo- 
tuum Solis, to which is anne.ved u new catalo<’ue of the 
principal fixed stars, from his own obser\ alien's made in 
the years 1787, 1788, 1789, 1790. This catalogue con¬ 
tains the right ascensions and declinations of 381 principal 
stars, adapted to the beginning of the year 1800. 

The catalogues of Ur. Bradley, l.acailic, Zach, and 
Mayer, are published by Professor \’jncc, in the second 
volume of his Astronomy. M. Lalande ha^ published a 
new catalogue of more than 12,000 stars, in the volumes 
of the Connoissancc des Temps, from the year 7 (1799) 
to the year 12. Almost all these are stars which had 
not been before observed. M. C. Vidal has lately com¬ 
municated to the Lyceum of Toulouse a catalogue of 
888 austral stars, from the 5th to the 7th ma<»nitude 
inclusively: every star has been observed three'’times, 
and all arc reduced to a mean position, regard bcin<» 
bad to the cficct of refraction, the aberration of 
and the rotation of the earth’s axis. The mean position 
of all these stars has been calculated to a common period, 
viz. Jan. 31, 1798; the equation and precession of the 
equinoxes being previously allowed for. The place of 
M. Vidal’s observations was Mirepoix, a situation-ad- 
mirabty suited to his purpose, by the serenity of its at- 
mespherc, and the excellence of the instruments with 
which the observatory isfurnishcd,and commanding nearly 
six degrees of the heavens southwards more than Pans. 
On this account C. Lalande and his nephew C. Franpois 
Lalande, in their grand work of completing a catalogue 
of 48,000 stars, engined AI. Vidal to form a catalogue of 
the austral stars» which he hus executed with great sue* 
cess and admirable precision. From the history of astro¬ 
nomy for 1800 by Jerome de Lalande, it appears that 
M. F. Lalande has tenninaled the labour commenced 
Augusts, 1789, and determined the places of 50,000 
stars, from the pole to 2 or 3 degrees below the tropic of 
Capricorn. In 1800, S. Piazzi, of Palermo, published his 
large catalogue, of 5500 stars. 

CATAPULT, Cacapulta, a military engine, much used 
by the ancients for throwing huge stones, and sometimes 
large darts and javelins, 12, 15, or even 18 feet long, on 
the enemy. It is sometimes confounded with the Balisia, 
which is more peculiarly adapted for throwing stones - 

some authors making them the same, and others dif¬ 
ferent. 

The catapulta, which it is said was invented by the 
Syrians, consisted of two large timbers, like masts of ships, 
placed against each other, and bent by an engine for this 
purpose; these being suddenly unbent again by the stroke 
of a hammer, threw the javelins with prodigious force. 

Its structure and the manner of W'orking it are described 
by Vitruvius; and a figure of it is also given by Perrault. 

Al. J-olard a^rts that the catopult made infinitely more 
disorder in the ranks, than our cannon charged with iron 
balls, bee Vitruv. Archit. lib. x. cap. 15 and 18; aod 
Pot. notes on the same; also Rivius, p. 597. 

Josephus takes notice of the surprising effects of these 
engines, and says, that the stones thrown out of them of 
^ hundred weight or more, beat down the battlements 
knocked the angles off the towers, and would level a whole 
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fiir of men from one end to (he other, if the phalanx were 
ever so deep. 

See plate V, fig. 3 anti 4, for two forms of the catapult, 
the one for throwing darts anti javelins, the other for stones. 

CATENARY, a curve line which a chain, cord, or 
Mich like, forms itself into, by hanging freely from two 
points of suspension, whether these be in the same hori¬ 
zontal line or not; as the curve b.\C, formed by a heavy 
ficxiblc line suspended by any two points c and b. It is 
ollicrwise called the eluslic curve. 



The nature of this curve wa.s sought after by Galileo, 
who thought it whs the same with the parabola; but 
though Jungius detected ihi' mistake, its true nature was 
not discovered till the year 16 ' 91 , in consequence of M. 
John Dcrnoulli having published it as a problem in the 
Acta Eruditorum, to the mathematicians of Europe. In 
l6'97 Dr. David CJregory published an iiivi*stigation of the 
properties before discovered by Bernoulli and Leibnitz; 
in which he asserts that an inverted catenary is the best 
Tmure for an arch of a bridge, &c. Sec Philos. Trans, abr, 
vol. 4; also Bernoulli Opera, vol. 1. pa. 48, and vol. 3, 
pa. 491; and Cotes's Hannon. Mensur. pa. 108. 

The catenary is a curve of the mechanical kind, and can* 
not be expressed iiya finite algebraical equation,insimplc 
terms of its absciss and ordinate; but is easily expressed 
by means of fluxions: thus, if aq be its axis perpendicu¬ 
lar to (he horizon, and pq an ordinate parallel to the same, 
or perp. to aq ; also pq another ordinate indefinitely near 
the former, and po parallel to aq : then, a being some gi- 
veil or constant quantity, the fundamental property of (he 
curve is this, viz, to . op :: At : a, or i -.y :: z x a, that 
is, the fluxion of the axis, is to the fluxion of the ordinate, 
as the length of the curve, is to the given quantity o; 
where x =: AQ,y = PQ, and z = ap. This, and the other 
properties of the curve, will plainly appear from the fol¬ 
lowing considerations: First, suppo^i^g tlic-curvc hung up 
by its two points b and c, against a perpendicular or up¬ 
right wall: then, every lower part of the curve being kept 
in its position by the tension of that which is immediately 
above it', the lower parts of the curve will retain the same 
position unvaried, by whatever points it is suspended above; 
thus, if it were fixed to the wall by (he point F, or G, &c, 
the wliolc curve cad will remain just as it was ; for the 
tensions at f and o have the same eflcct on the other 
parts of the curve, as when it is fixed by those points: 
and hence it follows that (he tension of the curve at the 
point A, in the horizontal direction, is a constant quantity, 
whether the two legs or branches of the curve, on both 
sides of it, be longer or shorter; which constant tension 
at A let be denoted by the quantity a. 

Now, because any portion of the curve, as ap, is kept 
in its position by three forces, vi^ the tensions at its ex¬ 
tremities A and F, and its own weight, of which the ten¬ 
sion at A acts in the direction ah orpo, and the tension 
ut p acts in the ducction of ?p, and the weight of the line 


acts in the perpendicular direction oP ; that is, the three 
forces which retain tliccune ap inits position, act in the 
directions of the sides of the elementary triangle opt ; but, 
by the principles ofmectianics, any three forces, keeping a 
body in equilibrio, are proportional to the three sides of a 
triangle drawn in the directions in which those forces act; 
therefore it follows, that the forces keeping ap in its po¬ 
sition, viz, the tension at a, the tension at p, and the weight 
of AP, are respectively as op,pv, and op, 
that is, as y, z, and i. 

But the tcn'ioii at a is the constant ([untility a, and the 
weight of the uniform curve ap may be expounded by its 
length 2 ; therefore it follows that* : j : : z : a; which 
was to be proved. 

Also from this lust proportion, by proper analogy, or 
similar combinations of the terms, there arises this other 
property, x : y/(xx -t- jjy) or * :: e : zi), or ssz = 

x^{a» -4- zz), or X ~ fluents of these 

give J v'Ca* -I- 5*). But, at the vertex of the cune, 
where J = 0, and : = 0, this becomes 0 =: (o’-t- 0) 

and therefore, by correction, the true equation of the flu¬ 
ents is X 2 = t*) ^ a, or a -*■ I — v'fa* -k z’) : and 

hence also 2 = y'[(a -i- i)'^ ~ a*] = v'(2flx -i- x*), and 
t’ — t’ 

a s= ——■: either of which is the equation of the curve, 

in terms of the arc and its absciss; from tiiis it appean 
(hat a X is the hypothcnusc of a right-angled triangle, 
whose two legs are a and z. So (hat, if in qa and iia pro¬ 
duced, there be taken au = o, and a c = the curve x ot 
ap; then will the hypotlienusc de be = a x or dq. 
And hence, any two of these three, a, x, z, being given, tho' 
third is given also. 

Again, from the first simple property,, vj*, i.y i : z : a, 
or ax =s jfy, by substituting the value of s above found, it 
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and the 


becomes aissj^(2ax -h x®), or y s: , 

fluent of this equation isy ss 2a x hyp. log. of [y'x -f- 
^(2« x)]. But at the vertex of the curve, where x =sQ 

and y=0, this becomes 0 = Qo x hyp. log. of v^2a; 
therefore the correct fluent is y = 2« x hyp. log. of 

. an equation to the curve also, in terms of 

X and y, but not in simple algebraic terms. This last 
equation however may be brought to much simpler terms 
in different ways; as first, by squaring the logarithmic 
quantity and dividing its cocincicnt by 2, then y = a x 

hyp. 


.1*1 . , fl -t- r 2. 

— ssa X hyp.log.-* 


and 2dly, by iiiultiplying both numerator and denomina¬ 
tor by ^(2fl -I- x) — x/t, then squaring the prodqct, and 
dividing the coefficient by 2, which givesy s a x hyp.log. 

-ox hyp. log.'^7375 = <* * •‘yp- 

The catenary is the evolute to the cquitangential curve. 

Cathetus, in Geometry, a name by which tho per¬ 
pendicular leg of a right-angled triangle is sometimes call¬ 
ed ; or it is in general any line or radius falling perpendi¬ 
cularly on another line or surface. 

Cathetus of Incidence, in Catoptrics, is a right line 
drawn t'rom u radiant point, or point of incidence, perpen¬ 
dicular to the reflecting line, or plane of the speculum. 

Cathetus qf Refieciioni or qf the Eye, a right -Hue 
drawn from the eye, perpendicular to the plane of re¬ 
flection. 

Cathetus, in Architecture, denotes the axis of a co- 
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lunin, 6 ic. in tbe Ionic capital^ it signifies a line pa^s* 
ing perpendicularly througli the eye or centre of the vo* 
lute. 

CATOPTRICS, ihebcieiiqeof reflex vision; or that part 
of optics which explains the laws and properties of light 
reflected from mirrors, or specula. 

The first treatise extant on catoptrics, is that which was 
composed by Kuclid : this was published in Latin in 1^04 
by John Pena; it is also contained in Horigons Course of 
Mathematics, and in Gregory's edition of Euclid's works ; 
though it IS suspected by some that this piece was nqt 
the work of that great geometrician, notwithstanding it is 
ascribed to him by Procliis in lib. 2, and by Marinusin 
his Preface to Euclid's Data. Aihuzen, an Arabian author, 
composed a large volume of optics about the year 1100, 
in which he treats pretty fully of catoptrics: and after him 
Vilello, a Poli>h writer, composed another about the year 
1270. 'racquet, in his Optics, has very well demonstrated 
the chief propositions of plane and spherical speculums. 
And the same is very ably done by Dr. Barrow in his Op¬ 
tical Lectures. There are also 'ITabe's Catoptrics, David 
Gregory's Elements of Catoptrics, Wolfius's Elements of 
Catoptrics, and those of Dr. Smith, contained in his learned 
and very elaborate Treatise on Optics, and many others of 
less note. 

As this subject is treated under the general term Optics, 
the less need be said of it here. The whole doctrine of 
catoptrics depends on tiiis simple principle, that the 
angle of incidence is equal to the angle of rcHcction; that 
iS| that the angle in which a ray of light falls upon any 
surface, called the angle of incidence,is equal to the angle 
* in which it quits it, when reflected from it, called the aiv- 
glc of reflection; though it is sometimes deiined that the 
angles of incidence and reflection, are those which the in¬ 
cident and reflected rays make, not with the reflecting sur¬ 
face itself, but with a perpendicular lo that surface, at 
the point of incidence, which are the complements to the 
others; but it'mattors not by what name these angles are 
called,-as to the truth and principles of the science; since, 
if the angles arc equal, their coinplemcnis are also equal. 
This principle of the equality between the angles of inci¬ 
dence and reflection, is mere matter of experience, being a 
phenoiDcnon that has always been observed to take place, 
in every case that has fallen under observation, as near at 
least as mechanical measurements can' ascertain; and 
hence it is inferred that it is a universal law of nature, and 
to be considered as matter 
of fact in all cases. Thus, 
let AC be an incident ray, 
falling on the reflectingsur- 
faccDc,an<i Cd the reflect¬ 
ed ray, also CO perpendicu¬ 
lar to de; then is the an¬ 
gle ACD =: DCE,or thc angle aco = BCO. 

. Of this law in nature, via, the equality between thc an¬ 
gles cf incidence and reflection, it is remarkable, that in 
this way, thc length or route ac h- cb, in a ray passing 
from aqy point a lo another given point n, by being re¬ 
flected from any surface de, is the shortest possible, namely 
AC H-Cfl is shorter than the sum ao OB, of any other 
two lines inflected at the lino db; and hence also the pas- 
wge of the ray from a to b b performed in a shorter lime 
than if it had passed by any other way. 

From this simple principle^ and Ibe common properties 



of linear geometry, the chief phontanona of catopincs arc 
cosily deduced, and are as follows: 

1. lliiys of light reflected trom a plane surface, Ijaxe tlnr 

same inclination to 
each other after re¬ 
flection as they liad 
before it. Thus, the 
rays ac, ai, ak, is¬ 
suing from the radi¬ 
ant point A, and re¬ 
flected by the sur¬ 
face de into the lines 
CF, iL, KM ; these 
latter lines will have the same incluiution to eac h (UIm'T u.s 
the former ac, ai, ak, ha^e. For draw abc p> jpi adicu- 
lar to DE, and produce FC, Ei, mk back v^;Uil« to fiiiet 
this perpendicular, so shall they all meet in the p^.arit 

c, and A a will in every case be equal to ud: for ihc inci¬ 
dent a ca is equal to thc reflected ^ PCE, w hich is e<[ual 
to thc opposite angle BCG; so that the two triangles abc, 
G&c, have the angles at C equal, as also thc right aiigle> at 
B equal, and conse<)Uently the 3d angles at a and c t<]ual; 
and liaving also the side bc common, they are equal in all 
respects, and ab bo; and the same for thc otiier rays; 
consequently the angles noc, bci, bgk, arc respectively 
equal to the angles bac, bai, bak; that is, the reflected 
rays have the same inclinations as the incident ones have. 

2. Hence it is that the image of an object, seen by re¬ 
flection from a plain mirror, appears to proceed fretm a 
place G as far bejond, or on the other side of the reflect¬ 
ing plane DE, as the objrct a itsidf is before the plane. 
This is when the incident rays diverge from some jioint 
as A. 

But if thc case bc reversed, and Fc, li, mk, bc consi- 
dcri*d as incident rays, issuing from points, f, i., m, and 
converging to some point g beyond the reflecting plane; 
then CA, lA, KA will become thc reflected rays, and they 
will converge to thc point a as fur before the plane as the 
point G is beyond it. 

So that universally, when the incident rays ilivorge from 
a point a, thc reflected rays will also divei^e from a point 
G ; and when the incident rays converge towards a point g, 
tbe reflected ones will also converge to a point a ; and in 
both cases these two points are at equal distance's on the 
opposite sides of thc it^flectiiig plane DC. , 

3. Parallel rays reflected from a concave spherical sur¬ 
face, converge after re¬ 
flection. For,let AT,CD, 

EB bc three parallel rays 
falling on thc conca\*o 
surface fb» whose cen¬ 
tre is c. To thc centre 
draw thc perpendiculars 
FC and BC; also draw 
?M making thc re¬ 
flected angle, crsi, c- 
qual to the incident 
angle cpa ; and in like 
manner bm tq make the 
angle cbm =thc angle ^ 

Cbe; soshoUtheraysAF 
and £B bc reflected in¬ 
to thc converging rays 
FM and BM. As to the 
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rav ci>p bi’ing pcrpf’iidicular lo the surface, it is reflected 
ayaiii in sami; line DC. 

4 .. Converging rays falling on the concave surface are 
made to converge more. 'Fhus, let ob and iir be (be in¬ 
cident rays : then because the inciilcnt angle ii re is larger 
than the angle afc, therefore the equal reflected angle 
NIC is greater than the reflected angle mfc, and so the 
point N is below the point M, or the line fs below the 
line r.'t; in like niaiiner bn is below bm ; that is, the re¬ 
flected rays fn and ns arc more converging in this case, 
than FM and bm in the other. 

5 . Tlie focus to which all parallel rays, falling near the 
vertex D, are reflected, is in the middle ol the radius m. 
lor. because the <iMFC= Aafc, which is =s the al¬ 
ternate Z.FCM, tlicrcfore the sides ©[ipositc these angles 
are also equal, namely the side fm = CM ; consequently, 
when the point r is very near the vertex i), then the sum 
CM MF is nearly = CD, and conse<|ueiitly CM nearly r= 

M n,or tlie focus of the parallel rays’is nearly in the middle 
of the radius. But the focus of other reflected rays is either 
abote or below that of the parallel rays; namely, below 
when the incident rays arc convergiiig, and above when 
they arc diverging; as is evident by inspection; thus, N 
the reflected focus of the converging rays on and hf, is 
below m; i that of the diverging rays yb and yf, is 
above M. 

6 . Incident and reflected rays arc reciprocal, or so that 
if the roftecicd rays be returned back, or considered a$ 
incident ones, they will be reflected back into what were 
before their incident rays. And hence it follows that di¬ 
verging rays, after reflection from a concave spherical sur¬ 
face, become cither parallel or loss diverging than before. 
Thus, the incident rays mf and mb arc reflected into the 
parallel rays fa and be, and the rays np and nb arc re¬ 
flected into FH and bo, which arc less diverging; also the 
rays if and in arc reflected into fk and bl, which con- 

v.rgc._And hcncc all the phenomena of concave mirrors 

will be evident. 

7. Rays reflected from a convex speculum, become 
quite contrary to those reflected fron a concave one; so 
that the parallel rays become <livcrging, and the diverpng 
rays become still more diverging; also converging rays 
will become either diverging, or parallel, or else less con¬ 
verging. Thus bdf be¬ 
ing a spherical surface, 
whose centre is c, pro¬ 
duce the radii cbv and 
CFT which arc perpen¬ 
dicular to the surface; 
then ib is evident tliat 
the parallel rays af and 
E D will be reflected into 
the diverging ones fk 
and dl; and the di¬ 
verging rays yd and 
YF become bo and ff 
which are more diverg¬ 
ing: also tlic converging 
rays iiF and gb become fr and ds which diverge, or else 
KF and LB become fa and be which arc parallel, or else 
lastly FF and OB become fy and by which arc converging. 

8. Hence, as in the concave speculum, so also in the 
convex one, of parallel incident rays af andEB, the ima¬ 
ginary focus M of their reflected rays fk and bl, is in 


the middle of the radius when the speculum is a small 
segment of a sphere : but the reflected imaginary foCus of 
other rays is cither above or below the middle point m, 
viz N being that of the converging rays on and hf, below 
M ; but I, that of the diverging rays yb and yf, above m. 

9. When the speculum is the small segment of a sphere, 
cither convex or concave, and the incident rays either 
converging or diverging, the distances of the foci, or points 
of concurrence, of the incident rays, and of the reflected 
rays, iiom the vertex of the speculum, arc directly pro¬ 
portional to the distances of the same from the centre of it; 
that is, YD : ID : : YC : xc, 
and QD : SD :: Qc : NC. 

Tor because the radius cr, or the same produced, bisects 
the angle tfi in the concave speculum, or the external 
angle YFP in the convex one, therefore yf : if : : YC : ic; 
but when f is very near lo D, then yf and if become 
nearly yd and id; consequently Y’D : id:: yc:ic. 

In like manner, because cr bisects the angle qfm in the 
convex, or its external angle nfii in the concave specu¬ 
lum, therefore qf : fn ; : qc ; ex ; but when f is very 
near to D, then qf and fn become nearly QD and nd; 
and therefore qd : nd :: QC : NC. 

For example, suppose it were required to find the focal 
distance of diverging rays incident on a convex surface, 
the radius of the sphere being 5 Inches, and the distance 
of the radiant point from tba surface 20 inches. Here 
then arc given yd ■= 20, und CD = 5, to find id : then 
the theorem YD : in':: YC ; ic, 

in numbers is '20 : id :: 25 : 5 — id, 

or by permutation 20 :25 :: id : 5 ■— id, 

and by composition 45 : 20: : 5 : id = ss = 

2| the focal distance sought. 

And if it should happen in any case, that the v^ue of 
to in the calculation comes.out a negative quantity, the 
focal distance must then be taken on the contrary side of 
the surface. 

From the foregoing principles may be deduced and col¬ 
lected the following practical ipaxiros, for plane and sphe¬ 
rical mirrors, viz, 

I. In a Plane iWirror. 

(1.) The image will appear as far behind the mirror, os 
the object is before it. . i 

(2.) The image will appear of the same size, and in the 
same position as the object. 

(3.) Any plain mirror will reflect the image of an ob¬ 
ject of twice iU own length and breadth. 

II. In a Spherical tfo/rrex Mirror. 

(1.) The image will always appear behind the mirror, 
or within the sphere. 

(2.) The image will be in the same position, but less 
than the object. 

(3.) The image will be curved, but not spherical, like 

the mirror. . . ” u 

(4^) Parallel rays falling on this mirror, will have the 

image at half the distance of the centre from the mirror. 

(5.) In converging rays, the distance of the object must 
be cquol to half the distance of the centre, to make Ihe 
image appear behind the mirror. 

(6.) Diverging rays will have thgir image at less th^n 

half the distance of the centre. 

HI. In a Spherical Concave 

(1.) Parallel rays have their focus, or the image, at hail 
the distance of the centre. 
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(f2.) In the centre of the sphere the image appears of 
the same dimensions as the object. 

(3.) Converging rays form an image before the mirror. 
(4.) In diverging lays, if the object be at less than half 
the distance of the centre, the image will be behind the 
mirror, erect, curved, and magnified ; but if the distance 
of the object be greater, the ijiiage will be before the mir¬ 
ror, inverted and diininishod. 

(5.) The solar rays, being parallel, will be collected in 
a focus at halt .the distance of its centre, where their heat 
will be augmented in proportion as the surface of the mir¬ 
ror exceeds that of the focal spot. 

(G.) If a luminous body- be placed in the focus of .a 
concave mirror, its rays, being reflected in parallel lines, 
will strongly enlighten a space of the same dimensions with 
the mirror, at a great distance. If the luminous object 
be placed nearer than the focus, its rays will diverge, and 
so enlighten a larger space, hut not so strongly. Ami on 
this principle it is that reverberators arc constructed. 

Catoptric Dial, a dial that exhibits objects by re¬ 
flected rays. See ll^ecting Dial. 

Catoptric Telescope, a telescope that exhibits objects 
by reflection. See Heeding Tklescope. 

Catoptric Cisiula, a machine, or apparatus, by which 
small bodies arc represented extremely large, and near ones 
extremely wide, and diftuscJ through a vast space; with 
other very pleasing plieiiomeiia, by means of mirrors, dis- 
p^d byibc laws of catoptrics in the concavity of a kind 
of chest. 

There arc various kinds of these machines, accommo¬ 
dated to the various intentions of the artificer ; some mul¬ 
tiply the objects, some magnify, some deform them, &c. 
The structure of one or two of them will svlTicc to show 
how many more may be made. 

To mak4 a Catoptric Cisiula to represent several different 
scenes of objects, tchen viewed through different holes. 

I) E 



Provide a polygonal cistula, or box, like the mult-an- 
gular prism abcdep, and divide its cavity by diaeonal 
planes ad, be, cp, iiUersecting in the centre, into as 
many triaiignlar cells os the chest has sides. Line those 
diagonal partitions with plain mirrors; and in the sides of 
the box make round holes, through which the eye may 
l^k ,ho cells »f it. These hole, ere to be e^ovS 

with |)Uiii glo^s, ground svithmsidc, but not polished, to 

Eli "'’■''f'* ■" from oppetfog too di- 

?™ti who ' ^ dilfcreiit ob- 

the too •‘1'“ “'"“‘'■I i ttei. eoveriitg up 

the top of the chest with a thin transparent membrane 

or^rchment, t^o admit the light, the machine is complete! 

imSiiofT '7* «ncciion, it follows, that the 
images of objects, placed wuhiii thu nnglea of mirrors, are 


multiplied, and appear some more remote than oilurs; 
by which the objects in one <<ll will appear to take up 
more room than is contained in the whole box. 'Iherc- 
fore by looking through one hole only, the objects in one 
cell will be scon, but those multiplied, and diflused through 
a space much larger than the wlude box. 'Ihus everv 
hole will aflbrd a new scene; and according to the dil- 
ferent angles the mirrors make with each other, the repre¬ 
sentations will be difl'erent : if they be at an angle greater 
than a right one, the images will be monstrous, ficc.° 

To make a Catoptric Cistula to represent the objects within 
it prodigiously multiplied, and diffused through avast 
space. 

hfakc a polygonous cistula or bo.x, as hefere, but with¬ 
out dividing the inner cavity into any apartments, or ci Ms • 
line the insides cmii, diila, almp, e\c, with plane mir¬ 
rors, and at the holes pare ofl‘ the tin and (juicksilver, 
that the eye may look through ; place any object in the 
bottom Mi^ 05 a bird in a cage*, iSce, 

Now- by looking through the aperture hi, each object 
placed at the bottom will be seen vastly multiplied, and 
the images removed at equal distances from one another 
like a great multitude of birds, or a large aviary. ’ 

CAVALIER, in Fortification, a mount of earth raised 
in a fortress higher than the other works, on which to 
place cannon Ac for scouring the field, or oiiposine a 
commanding work. Cavaliers are of different shapes; 
and are bordered with a parapet, to cover the cannon 
mounted upon them; their situation is also various, either 
in the curfam, the bastion, or ihe gorge. The cavalier is 
sometimes called a double bastion, and its Use is to over¬ 
look the enemy’s batteries, and to scour their trenches. 

CAVALILUl (lloNAVLNTt'RA), a celebrated Ilalinn 
mathematician of the 17th century. He was born at 
JVIilan in 15‘>8, and became a friar of the order of the Jc- 
•suati of St. Jerome. Cavalieri was a disciple of Galileo, 
and the frieml of Torricelli, lie was professor of mathe¬ 
matics at Bologna : wheiu several of his books were pub¬ 
lished, iind where he died in the year 1647 . His works 

that have been published, as far as I can discover, are as 
follow: 

1 . Dlfcctorium Generalc Uraiioraetricum; 4 to, Bono- 
ni», l63'i.—In this work the author treats of Tiigonome- 
try; and Logaritlims, thi ir construction, uses, and appli¬ 
cations. 'I he work includes also tables of logarithms of 
common numbers; with trigonometrical tables of natural 
sines, and logarithmic sines, tangents secants and versed- 

Trattato dellc Set^ionb 
Comchc: 4to, Bologna, 1632.-An ingenious ttvatise of 
conic sections* 

3 . Geometria Iiidivisibilibus continuorum nova qundam 

BoHonim, l635; and n 2d!*edilion. 

L. i ?!*■” .1* “ in gcomeliy, in- 

^ ^ ‘he geometrical ^urvs ns re- 

‘ r" />nnll Clements or as made up of an 
infiiute number<,f infinitely small parts, and on account 

rimal cilcdir^* of Iheinfinitc- 

. Plana el Splimrico, Linearis, ot Loga- 

nthmica: 4to, Bononite, lG43.—Avery neat und ingenious, 
treatise on Trigonometry; with the tables of sines, tan¬ 
gents, and secants, both natural and logarithmic. 

5 . LxercilaiionesGeomeiricfiB Sex; 4 to, Bononitt, 1647 '. 
Hus work contains Exercises on the method of Indivbi- 
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Mr- ; Answers to tlie objections of GiilHini; The use of In- 
iliM'ibUs III co'sic powers or algebra, and in considera- 
iioi.s concerning gravity; with a miscellaneous collection 
ol nrobleiiis. 

(• W Al^LO (TiiiF.Kius), F. K. «. was born in the city 
of Naples the 3 O 1 I 1 of March !745). His father, who was 
an eniineni physician, died when l ibcnus was scarcely 11 
years of age. Mis relations continued to give him a libe¬ 
ral education ; and as he was intcniled for a commcicial 
lile, with that view they sent him to lingland. He arrived 
III London in 1771, and continued in this country during 
ihe rest of his life. Here Ins inclination led him to pur¬ 
sue scieutitic stuilies, the rudiments ot which he had re¬ 
ceived at the university of Naples, and he attained to a 
considerable rank in several of the more fashionable and 
popular physical sciences. In March 175)9. hewas elected 
memlierof the Royal Academy of Sciences of Naples; 
and in December the same year he was elected home mem- 
ber of the Royal Society of London ; where he died the 
2(ith of December IS 09 . at years of age. 

Besides several ingenious papers inserted in the Philos, 
Trans., Mr. C- published separate and very interesting 
volumes on various popular and useful subjects: as, A 
Comidele. 'Lrealise of Llcctriciiy in ’I'lieory and Practice, 

1 viil. 8vo. 1777 (enlarged loSvols. in 1793).-—An Essay 
on the Theory aii<l Practice of Medical Electricity, I vol. 
Svo. l/RO—A Treatise on the Nature and Properties of 
Air, and other Permanently Elastic Huids, with an Intro¬ 
duction to Chemistry, 1 vol. 4io, 1781 .—The History and 
Practice of Aerostation ; 1 vol. 8vo, 1 r 85.—Mineralogical 
Tables; folio, (accompanied with an Svo explaoatory 
pamphlet) 1785 .—A Treatise on Magnetism, in Theory 
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which he excelled in a very eminent degree. His genius 
and labours were rewarded with the most brilliant disco¬ 
veries and improvements in the various branches of science; 
the records of which arc chiefly to be found in the volumes 
of llic riiilos. Trans. He had studied, and rendered him¬ 
self familiarly conversant with, every part of Newton's 
philosophy; the principles of which he applied, 40 yean 
age, to an investigation of the laws on which the pheno- 
im iia of electric ity <lepeiid. Pursuing the same research, 
on the occasion of the first experiments with the torpedo, 
be gave a sutislactory explanation of the remarkable 
poweis of electrical fishes; pointing out that distinction 
between common and animal electricity, which has since 
been amply confirmed by the brilliant discoveries in Gal¬ 
vanism. Having very early turned his attention to pneu¬ 
matic ciiemi-lry^ in ) 7 (ib he ascertained the extreme levity 
of inllainmnble air, now called hydrogen ^; a discovery 
on whitli arc founded nmny curious experiments, particu¬ 
larly that of aerial navigation. In the same line of science, 
he made the important discovery of the composition of 
water, by the union of two airs; which laid the founda¬ 
tion of the modern system of chemistry, which rests prin¬ 
cipally on this fact, and that of the decomposition of water, 
announced soon afterwards by M. Lavoisier. 

As the purity of atmospherical air had been a subject 
of controversy, Mr. C. contrived essential improvements 
in the method of performing experiments with the eudio¬ 
meter ; by iiiciins of which he was the first who showed, 
that the proportion of pure air, in the atmosphere, is nearly 
the same in all open places. The other, and much larger 
portion of our atmosphere, he sagaciously conjectured to 
be ilie. basis of the acid of-nitre; an opinion which he soon 
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and Practice; 1 vol. Svo, 1787.—Description and Use of brought to the test, by an ingenious and laborious 
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the Telescopical mother-of-pearl Micrometer; 8vo, 1793. 

_An Es,say on tlic Medicinal Properties of Factitious 

Airs, willi an Appendix on the nature of Blood; 1 vol. 
Svo, 1798 , many of which have gone through several edi¬ 
tions. 

CAUDA Cfipricorni, a fixed star of the 4th magnitude, 
in the tail of Capricorn; called also by the Arabs, Dineb 
Algedi; and marked y by Bayer. 

CaUTia CWi, a fi.xcd star of the 3d magnitude; called 
also by the Arabs, Dineb Kactos; marked ^ by Bayer. 

Caora Cy»n», a fi.xed star of the 2d magnitude in the 
Swan’s tail; culled by the Arabs, Dineb Adigcgc, or Elde- 
giagicb; and marked a by Bayer. 

Cauda Delphini, a fixed star of the 3d magnitude, in 
the tail of the Dolphin; marked 1 by Bayer. 

Cauda DrnconUt or Dragon’s tail, the moon's southern 
or descending node. 

Cauda Lconis, a fixed star of the first magnitude in the 
Lion’s tail; called also by (he Arabs, Dineb EIcced; and 
marked by Buyer. It is called also Lucida Cauda. 

Cauda Urta Mujoris, & fi\cA star of the 3d magnitude, 
in the lip of the Great Bear's tail; culled also by the 
Arabs, Alaliuth, and Benennth ; and marked 1 ) by Buyer. 

Cauda Vrsee Minoris, a fixed starof the 3 ci magnitude, 
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nienty cotnplctcly proving its truth; whence this air has 
now very generally obtained the name of nitrogen. So 
many and great discoveries spread his fame throughout 
Europe, and he was universally considered as one of the 
greatest philosophers of the age. 

Among the labours of his latter days, was the nice and 
difficult experiment, by a mode and instrument contrived 
by the late Uev. John Michctl, by which he determined 
the mean density of the earth, in a result not widely dif¬ 
ferent from what was obtained in the more perfect way by 
the attraction of mountains. This density forms an ele¬ 
ment ofconscquenccin delicate calculations of astronomy, 
as w ell as in geological inquiries. Even in the lost year of 
his life, he proposed and described irnprovements in tho 
inaiincr of dividing large astronomical inslrufncnts, which 
promise very great advantages. 

These pursuits, together with reading, of rarious kinds, 
by which he acquired* a deep insight into almost every 
topic of general knowledge, formed the whole occupation 
of his life, and indeed constituted his solo nmmeroent. 
The love of truth alone was sufficient to fill his mind. 
From his attachm 9 nt to such occupations, and the cofl- 
stant resource he found in them, together with a 
and diffidence natural to bis disposition, his habits had, 
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lit the ond of the I^esscr Bear's tail; cnllcd also the Pole . from early life, been secluded. His manners were mi 
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Star, and by the.4rabs, Alrukabah; and markcil a byBaycr. 

CAVENDISH (IIenhy), p.u.s. son of the late U>rd 
Charles Cavendish, was born Oct. 10, 1731, and died Feb. 
24., J8I0, consciqueiitly in his 79th year. Mr. C. lived 
and died a baclielor, rlevotiiig the whole hours and atten¬ 
tions of his long life most assiduously in cultivating the 
sciences, maihemalical, physical, chemical, &c, in all 


his mind firm—his nature benevolent and complacent, iw 
was liberal, without Icing profuse ; and charitable, with¬ 
out ostentation. , . 

CAVEITO, a Hollow member or moulding, conlnining 
Q quadrant of a circle, and having uii effect just contrao^ 
to that of n quarter Found. It is used as an ornament m 
cornices. 
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CAULfCOLES, Caulicuir, iji Archi(ccturc, oro those S 
IwtT hmnchih UT in llic Corintliiati capitui, which 

sprino out tr<*iu tin' Inur greater principal cau}ti> or iliilkb. 

J^/iysica/, that which^rjjduce'" u beusible cor* 
poixal erteef. liui'', the sun ib u phy^vical caube ol light. 
Others detiiic a j h^>ical rouse to be tuat winch produces 
its effects by virtue, or natural itifiuerjce. 


C.VUSTIC CckVK, p> th^higluT gi <jnieirs, isrfcurve 
formed by the conciuirse or^oincidiiu i* oi the ra)a of 
light, wlien either reliccied, or refracted, fioivi some lUber 
curve. 

Every curve therefore has its twofold caustic: accord- 
iugly, caustics are divided into caiacauslics,* und diacaus* 
tics; the one fonnu <1 by rcHeciion, the angle of redection 
bcing^qual to that ot incidence; the other by refraction. 
Sec the two articles Catacaustjcs and Di acaustics. 

lo pursue thedoctiine of caustics, as it relates to op¬ 
tics, consult HaUy's Philosophy, vol. 2 ; and as a branch 
of the doctrine of curvis, consult the writers on tiuxions, 
as Hays, or llodgbon, or Stone, &c. 

CAZEMATE. Si-e Casemate. 

CAZERN. Sec Caserji. 

CEfilNUS, a fixed star ot the 3d magnitude, in the left 
shottidcr of Bootes; and marked y by Bayer. 

CELERIIA, is the velocity or swiftness of a body in 
motion; or that affection of a body in riTotioii by which it 
can pass ovc^certain space in a certain time. 
CEl/ESTInL Globe, &c. Sec Glode, &c. 
CELLARiyS (Cii KisTOpii eh)* a learned geographer 
and hifcioriograplier of the 17th century. He was born 
^^38, at^iiialcafflc in Eranconia, where his father was 
minister. ^Our author wal successively rector of the col¬ 
leges at Weyniar^Zcits, and Mersbourg, and professor of 
eloquence and history in ihc university founded by the king 
of Prussia at Hall in 1()93, where he composed the greatest 
part of his works. 

His great application to study hastened the infirmities of 
old age ; for it has been said, he would spend whole days 
and nights together over his books, without any attention 
to his health, or cveij the calls of nature. He died in 1707, 
at 09 y«irs of age. 

^dlarius was author of a gri'at number of books, on 
various subjects; but those for which he has a place here, 
are his gcographicul works, whicli arc as follow: 

1. Notitia Orbis Anlifjui, 2 vots, in 4to; and is esteemed 
the bchl work extant on the nncicnt%cogniphy* 

2. Atlas Ccelcslis ; in folio. 

3. iJibtoria Anliquo, S vols, in 12nio; being an abridge* 
ineot of universal hhtow. 

CEN'E/\UKUS, the ^ntaur, one of the 48 old constel¬ 
lations, being a southern one, and is in form half man and 
half horse. It is fabled by the Greeks that it was Chiron 
the Centaur, who was the tutorof Achilles and Esculapius. 
The sill w of this constellation arc, in Ptolemy's catalogue 
37i in Tycho's 4, and in the Britannic catalogue, with 
Sharpe's appendix, 35- 

CENTEU, and Cekterikg. See Cektre, and Cek- 

TEINO. 

CENTESftI, the 100th part ofony thing. 
CENIJGRADE, the division into grades or degrees by 
hundredth parts, called also Ccntcsimals, contracted into 
Centemes, or still more contracted Cents. ^ 

The North-American states have their money (dSllars), 
divided into hundredth parla or cerfts. And the French 
nauon have lately divided all tbeir monc/, weights, and 
V OL« 1* 


measures, decimally; «|.icli is allowed to be ibe Inst 
way. Th<-y have cvin diMui'd jlu- circular cjuadinut imu 
(ent^, for trigonoiiuMncal uses, mu t|i<* ceiiligrade vay, 
having 100 iji tlic ({u.idiani, «hili- wc l.uve y(); ibcre- 
fore the magnitu.le oI ilo ir d.-rc.-, to that ot ours, a- 
J) to 10; but^tbe number i>t tlnii degrees lu the nutnber 
ofoui^.as 10 toy: hence-, lo change 1 reiich degrees into 
i.iiglisn, diminish iheni b^ oiic-tenilj, or muliiply ihcni by 
9 , uiid cut off one tiguii- lor a decimal : und lo find the 
number of French d«*jkre«-s ansvvexuig tr) a given number 
of English, anne^ cipher to ihc latter, then divide them 

*>>■ 9- W 

i he Frcncli have also their centigrade th.nnometcr, 
^c. In that instrument they divide the distance between 
the frcc 2 ing and boiling points into 100 , wl.ich wc divid.- 
into ISO; therefore the leugihtif their iherinomeirical de¬ 
gree, is lo the length of ours, as 180 to 100 , or as IS to lu, 
or9to5; and the number of theirs to the number of oursi 
as 10 to 18, or 5 to 9 ; therefore^ to change French ther¬ 
mometer degrees into English, multiply the former by y, 
and divide by 5 : so, to hod the English degrees answerin'' 
to 15 French, the 5th of 15 is 3, tlien 3 x y = 27 are the 
English degrees answering to 15 French : but as the French 
freezing point is at 0, and ours at 32, therefore 27-t-32 = 
59 IS the point or degree on the Fmglish thermometer, an¬ 
swering to that of 15 on the French. 

CENl'RAL, soim-tljing relating to a centre. Thus we 
say central eclipse, central forces, central rule, A:c. 

Central £>/»))«, is when the centres of the luminaries 
exactly coincide, and fall directly in a line with the eye. 

Central Forces, are forces having a tendency directly 
towards or from some point or centre ; or forces which 
cause a moving body to tend towards, or recede from, the 
centre of motion. Atid accordingly Uiey are di'^cd into 
two kinds, in respect to their different relations to the 
centre, and hence are called ccmripetal, and centrifugal. 

Ihe doctrine of central forces constitutes a consider¬ 
able branch of the Newtonian philosophy', and has been 
greatly cultivated by mathematicians, on account of its 
extensive use in the theory ol gravity, and other branches 
of pbysico-malhematical science. 

^ In this doctrine, it is supposed that matter is equally 
indifferent to motion or rest, or rather that it always 
sists any attempt to change ils state; or that a body at 
rest never moves itself, and that a body in motion never of 
Itself changes either the velocily or the direction of its mo- 
tnm; but that every motion would continue imiformly 
and its direction rectilinear, unless some external force or 
resistance affected it or should act upon it. Hence, when 
a body at rest always tends to move, or when the velocity 
of-any rectilinear motion is continually accelerated or nf- 
tarded, or when the direction of a motion is continually 
changed, and a curve line is thereby described, it is sup- 
posed that these circumstances proceed from the influence 
of some power that acts incessantly; which power may 
be measurffd, in the first case, by Ihe pressure of the quics- ‘ 
cent body.agaiiist the obstacle whicli prevents it from 
moving, or by the velocity gained or lost in the* second 
case, or by the flexure of the curve described in the 3U 
c^; due regard btiog had to the time in which these 
cticcts are producc«l, and other circumstances, according 
to the priiicipli-s of mechanics. Now ih&powcr or force 
ofgravjty produces effects of each of these kinds, which 
Jail under our constant observation near the surface of the 
earth; for the sqme power which renders bodies heavy 
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while they are at rest, accelerates their motion when they 
descend perpendicularly; or retards them when they as¬ 
cend ;iin<i bends the track of their motion into acurve line, 

when they are projected in a direction oblique to that of 
their gra^ity. Hut we can judge of the forces or powers 
that act on the celestial bodies by effects of the last kind 
only. And hence it is, that the doctrine of central forces 
is of so much use in the theory of the planetary motions. 

Sir I. Newton lias treated of central forces fn lib. 1, sec. 

2, of his Principia, and has demonstrated this fundamental 
theorem of central forces, viz, that the areas which re¬ 
volving bodies describe by radii drawn I 0 an immoveable 
centre, lie* in'ihc same immoveable plants, and arc pro¬ 
portional to the times in which they are described. Prop. 1. 

It is rem«rke<l by a laic eminent malheinulician, that 
Uiis law, which was originally observed by Kepler, is the 
only general principle in the doctrine of centripetal forces; 
but’since this law, as Newton himself has proved, cannot 
hold In cases where a body has a tendency to any oliicr 
than one and the same point, there seems to be wanting 
some law that may serve to explain the motions of the 
moon and satellites which gravitate towards two different 
centres: the law he lays down for this purpose is, that 
when a body is urged by' two forces tending constantly to 
two fixed points, it will describe, by lines drawn from the 
two fixed points, equal solids in equal times, about the 
lino joining those fixed points. See Macbin, on the Laws 
of the Moon’s Motion, in the Postscript. This short trea¬ 
tise is published at the end of the English translation of 
Sir Isaac Newton’s Principia. See also a demonstration 
of this law by Mr. William Jones, in the PhiluS.iQ'rans. 
vol. 59 . Very learned tracts have also been since given, 
when the,motion respects, not two only, but several den- 
tres, by many ingenious authors, and practical rules de¬ 
duced from iticm for computing the places &cof planets 
and satellites; as by LAgrange, Laplace, Waring, &c, &c. 
SeeHcrlin Memoirs; thoscofthc Academy of Sciences at- 
Paris ; niui the Pliilos. Trans, of London. 


Suppose a body of any determinate weight to revolYC uni¬ 
formly about a centre, with any given velocity ; find'from 
what height it must havc^allen, by the force of gravity, to 
acquire that velocity {^iKcn, as (he radius of the circle it 
describes, is to double that lieighF, so is its weight to its 
centrifugal force. So that, if 6 be the bo^, or its weight 
or quality of jnattcr, vis velocity, on^ the radius o£ 
the cffclc desJnbed, also ^ feet: then, by the 

laws of falling bodies we have 4^* : ::g the height due 

to thevelocityp; and by rulc.r ^ibc ern- 

trilugal force. Hence, if the centrifugal force be equal to 
the gravity, the velocity is equal to tliat acquired ^fall¬ 
ing ihcpugh half the radius, 

2, Tl>c central force of a body moving in the |>criphory 
of a circle, is as* the versed 
sine AM of the indefinitely 
small arc at; or it is as the 
square of that arc a e direct¬ 
ly, and ns the diarueter Alt 
inversely. For am is the 
space through which titc 
body is drawn from the tnn- 
gent in the given time, and 
2a >f is the proper measure 
of the intensity of the central 
force. But, ae being very 



small, and therefor^, nearly equal to its chord, Ytt shall 
have by the nature of the circle 


AB : AB 


AE : AM =: 


as; 


AB 


S, If tw^ladies revolve un^rmly ii^iflbrent q^rclcs; 
their tentrnlrorcrt arc in the dopliente ratio of ihcir velo¬ 
cities directly, epd the diameters or radii of tbo circles ifh 

V* w* V* e* 

ycrscly; that is, p:/:: — : j* - — • 7 * 


ax' 


por Uic force, by the Inst article, ^ 7 ; V' 

M. Demoivre gave elegant general theorems relating lodty p is as the space a b uniformly described. 

4. And hence, If the radii or dianiclcrs be reciprocally 

in the duplicate ratio of lUo velocities, the central forces 
will be reciprocally in the duplicate ratio of the radii, or 
directly ns the 4th power of the velocities; that iS, if 
v’ : p’ : : r : R, then p R* :: v* ; p\ 

5. The central foi®es arc as the diameters of the circles 
directly, and squares of the periodic limes inversely. For 
if c be the circuraf<4cnce described in the time t, with the 


to ccntnil forces, in the 
Philos. Trans, and in his 
Misccl. Analyts 231.-—Let 
MPQ be any given curve, in 
which a body moves: let ^ 
be the place of the body at 
any lime; s the centre o( 
force, or the point to which 
the central force acting on 
the body is nlwtiy* directed; po the radius of curvature 
at the point r;^ and st perpendicular to the tangent ar; 
then will the centripetal force be cv’cry where proportional 





Vid. ut supra. 


to the quantity 

M. Varignon has also given two general theorems on 
^his subject in the Memoirs of the Acad. an. IZOO, 1701; 
and has shown their application to the motions of the 
planctSy Sec also the same Memoirs, an. 1706 , 1710. 

Mr. Maclaurin has also treated the subject of central 
forces very ably and fully, in his Treatise on Fluxions, 
art. 416 to 493 ; where he gives a great variety of expres¬ 
sions for these forces, and several elegant methods of in¬ 
vestigating t}icm. 

Lows (j/’Central Forces. 

1. The foUowingisa very clear and comprehensive rule, 
fur wJiicb wc arc obliged to’the Marais de l'H 6 pital: 


velocity p; then the space c = tp^rp = 7; hence, using 

this value of p in the 3d rule, it becomes * 

* - diameter 

is as the circumfcfcncc. * 

6. If two bodies, revolving tn different circles, be acted 

on the same ccntral^orcc; the periodic fimes are. In 
the subduplicatc ratio oTthe diameters or radii of the cir¬ 
cles* for when v = then and n : d :; t* : <*, 

or T : : \/d : »/d : : v'lt ■ 

7. If fhe velocities be reciprocally as the distances from 

the centre, the central forces will be reciprocally as the 
cubesipf same distances, or directly as the cubes of the 
vclociucs. That is,-^ v : p : : r : R, then is P ^ • 


V* ; p*. • For P : / ;: : 7 

W 


a a 


R 


r tt A 

^ % • # 
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8. If the velocities be reciprocally in the subduplicate 
ratio of the central distances, the squares of the times will 
be as the cubes of the distances; thus, if v* : : r : r, 

then is T* : r-: : ; r\ For by 3d and 5th — • - • - A . I 

and 
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r*’ 


and hence 


T" : r : : : r*. • < 

9- Therefore, if the forces be reciprocally as the squares 
of the central distances, the squares of the periodic limes 
will be as the cubes of tht^stanccs; or when f:/; :r*; ii\ 

thcnisT^:t*:: E^:r>. F^y 5th, p : ^il.a'ndby 
this r : r* : theref. A ; ^ : r*, and hence 

T* ; : r’ : r^, 

Eiam. I-rom this, and some of the foregoing theorems, 
may be deduced the velocity and jK-riodic time of a body 
revolving m a circlq, at any given distance from the earth’s 
centre, by means of its own gravity. Put g =s iOJ^ feel 
the space described by gravity, at the surface, in the first 
«‘Cond of time, viz, — a M in the foregoing fig. and by rule 
then putting r as Utprradius ac; it is ae =s ^(ab x 
A it) * the velocity in a circle at its surface, in one 
second ofjTiin^ and hence, putting c =; 314.150 &c the 
circumference of the darth being 2cr = 25,000 miles’, or 

132,000,000 feet, it will be \/2gr : 2cr ; : l" : Cy'— := 

5078 seconds nearly, or !«> 24'“ 38*, the periodic time at 
the circumference: Also the velocity there, or ^ 2 gr is =s 
2bO(W feet per second nearly. Then, since the force of 
pavity vanes in the inverse duplicate ratio of the distance, 
by^rules 8 and p, it is : : v or 26OOO : 26000 

^ ft ~ velocity of a body revolving about the earth 

at^the distance h; and : a/r’ ; : / or 5078" : 5078 

\/p = T the lime of revolution in the same. So if, for 

disl^nr^’ fVn*’ about the earth at the 

distanccof60scniidiam^etcrs; then u = fiOr.and theabovc 

expressions become .v s 2()000 v'tU = 3357 feet ner se¬ 
cond, or 3^ milesjicrjninuj^.for the velocity of the^moon* 

in her orbit; and T.iig = 2360051 seconds. 


By similar means wc may dclcnninc the ccntri/iigal f<jrce 
of bodies in diH'erenl latitudes; for as the cariii turns 
round its axis, it is evident that those bodies on ll^e stirtacc 
of it, which lie nearer to the axis, or, which is the same 
thing, lie nearer to the jmles, describe circles smaller than 
those which lie neorer to llic equator, though they arc all 
performed in the same interval of time, viz, 23^ SG'". 
llcnce the periodical times being equal, the central forces 
arc as the ratj^ii of tlic circles (5); and since, in different 
latitudes, wc may use the following proportion; viz, as the 
radius is to the co-sine of a given latitude, scnIs the cen¬ 
trifugal Ibrcc of bodies situated at the equator, to the cen¬ 
trifugal force of bodies at that given latitude. Novv as the. 
co-sines decrease in length the nearer they approacli the 
poles, so the tendency of bodies to fly off from the surface 
of the earth is greatest at the equator, but dimitubhes in 
approaching towards the poles; and hence wc perceive why 
the earth has been found, by means of unquestionable mea¬ 
surements and other observations, to be an oblate spheroidi 
whose polar diameter is the shortest. This circumstance 
furnishes a convincing evidence of the earths daily rota¬ 
tion about its axis. 

For another example, suppose a to be a ball of 1 ounce, 
which is whirled about the centre c, so as to describe the 
circle aeb, each revolution being made in half a second; 
and the length of the cord ac equal to 2 feet. Here ^ 

^ = 2, and it having been found above that c^— = t is 

the periodic time at the circunifrrencc of the earth when 
the centrifugal force is equal to gravity; hence then, by 

t K At 

art. 5, as ^ : p ; : P or I : uhich proportion becomes 

ac» -r' • • * • 7?- — = ^ = 9*81pa=-thecen¬ 
trifugal force, or tfidt by which the string is stretched, viz, 
nearly 10 ounces, or 10 times the weight of the ball 


Lastly, supjiosc the string and 
ball to be suspended from a point 
», and describes in its motion a 

conical surface adb; then put¬ 
ting DC s o, AC = r, and ad 
= /<; and putting F=l the 
■ - r - --> force ofgravity as before; then 

27^daya nearly, for the periodic timaof the nioon'in her "'*** body a be affected by 

orbit at that distance. ' ' three forces, via, gravity acting 

Thus also the ratio of the forces of gravitnlion of the 

moon towards the sun and earth may be estimated. For, 

1 year or 365} d^s being the periodic time of the earth 
and moon about the sun, and 27A days the* periodic time 
of the moon about the earth, also 60 being Uie distance of 
the moon from the earth, and 23920 the distance from 
sun, in scraidiametiTs of the earths by art. 5 it is 

ar-a' ■ 06J-3S* • ./ or 1 . x = 2$; that is, the 

proportion of the moon's gravitation towards the sun, is to 
that towards the earth, as 2^ to .1 nearly. 

A^id, wc may hence compute the centrifugal force of 

from the earth's rotation. 

Muii l^rae when the centrifugal force is 

to the foj^f gravity, it has been shown above, is 
^8 seconds, «,^23 hours Sff minutes, or 86l60 se- 
c^^s, IS pm^of the earth's rouUon on its axis: 

mfugal forw rcijuired, wWd, therefore is the ISJth part of 
gravity at tbecartb's surface. Simpson's nu.x.jja. 240, 6cc. 



- — ——M ae 

pargllol to DC, a centrifugal force 
in the direction CA, and the ten- 


j. . I ^ ^ . ^ III iiii; 

direction da: hence these three powers will be os the three 
sides of the triangle adc respectively, and therefore ascD 

or a : AD or A :: 1 : - the tension of the string as com¬ 
pared with the weight of the body. Also Dc or o : ac or 

r : : 1 ; the general expression for the centrifugal force 

above found; hence, gt' = 2ac‘ and consequently 

t = Cn/— = 1*108 ^/a =: the periodic time. 

10 . \yhcn the force by which a body is urged towards 
a point IS not always the same, but is viibor increased or 
decreased as some power of the distance; several cunos 
wilt then arise according to that power. If the force dt- 
cre^ as the squares of the-distances incroasc, the body 
will dacnW an ellipsis, and the force is directed towards 
one of Its foci; so that jn every zevolution the body once 

2 P 2 



C E N 


CRN 


t S 92 ] 


ap|)roacb<’s towards it, and once recedes from it; also the 
cxcenlricily of tlic elltp'‘e is greater or less, according to 
the projectile force; und ll»e curve may sometimes become 
n circle, when the excentricity is nothing; the body may 
nl>o describe the ofluT two conic sections, the parabola 
and hyperbiiln, which do «inf return into tlieinsvKes, by 
Mipposiug the velofily greater in certain proportions. Also 
if the force increase in the simple ratio as the iiistance in¬ 
creases, the bo<ly will Still describe an ellipse; but tbe force 
wilf in this case be directed 10 the centre of the ellipse; 
and the body, in each revolution, will twice approach lo- 
warils if, ami again twice recede from that point. For the 
investigations of these and other particulars, consult Simp¬ 
son's Fluxions, vol. If sect. 12j and Gregory's Meehan, 
vol." J, chap. 3, bk. 2. 

The general doctrine of central forces is called most into 
application in investigating the orbits of the jdancts as ur¬ 
ged towards the central body the sun; and, considered in 
that view, the following deduction of the principal laws is 
offered, 

(1) . When-a boily, urged by a centripetal force, moves 
in any curve; then, in every point of the curve, the lorce 
is in a ratio, compounded of the direct ratio of the body’s 
distance from the Centre of force, ami the inverse ratio of 
the cube of the pcrpcmlicular on the tangent to the same 
point of the curve, drawn into the radius of curvature of 
the same point. 

(2) . Ilencc, if the boily move in a circle, by a force 
tending to a point in the circumference, the force will be 
everywhere in the inverse ratio of the 5lh power of the 
body's distance from that point. 

(3) . Wiien a body moves in a conic section, the force 
urging it towards the focus is reciprocally proportional to 
the square of the distance. 

(4) . Hence, if a body move in an ellipsis, by a centri¬ 
petal force tending to its centre, that force will be directly 
as the distance. 

(5) . Hence results an easy construction, for determi¬ 
ning the radius of curvature in any conic 
section. Thus, from the given point a, 
draw AB through the focus r, and ar 
perpendicular to the curve at a, cutting 
the axis VC in c; at c erect cb perpen¬ 
dicular to AC, and draw bk pcrffcndicular 
ad; then ra is the radius of curvature 
at the point a. 

In the parabola, the construction becomes a little sim¬ 
pler. For, since ap = pc, and acb a right angle, there¬ 
fore P is the centre of a circle passing through a, c, b, and 
AP = PB. Hence, if ap be produccd-till pb = ap, and 
BR be drawn perpendicular to ab, meeting the perpendi¬ 
cular ar; then n will be the centre of curvation of the 
parabola. 

Hence,,in all the conic sections, ac : ab : tab : ar 
the radius of curvature; which therefore is a 3d propor¬ 
tional to AC and AB. And when the point a coincides 
with the vertex v, then ac : ar becomes the ratio of tho 
•two semiaxes; that is, the radius of curvature at the ver¬ 
tex, or extremity of the axis, is equal to a 3d proportional 
to the two semiaxes, and is therefore equal to the scraipa- 
rametrr of the axis. 

Further, the radii of curvature at tlic extremities of the 
transverse and conjugate axes, arc to each other recipro- 
nolly as the cubes of the axes. -For, let a denote the for¬ 



mer semiaxis, and c the latter: then the radius of enna- 
tore to the former is -, and to the latter is and 


: c* ; o’. 


(6'). Wh( n a body moves in aparabola, by a ceritnpetal 
force lending to the focus ; then the velocity of tlic body- 
in tbe parabola, is to the velocity of a body describing a 
circle at the same distance, everywhere as ^2 to I. But 
the velocity of a body in an ellipsis, is to the velocity of a 
body moving in ii circle at tln^mc iiistance, in a less ra¬ 
tio than that of ^'2 to 1. A^lhc velocity in an hyper¬ 
bola, is to the velocity in a cffclc, in a greater ratio than 
that of v/S to 1 .—If the body move in the nautical spiral, 
its velocity is everywhere equal to the velocity of a body 
describing a circle at the same distance. 

(7). Supposing a body is projected in agiven direction, 
with a given velocity, and that it is urged by a force which 
is always reciprocally as the square of the distance; re¬ 
quired to determine the curve in which the body will 
move.—It is plain, in the fust place, that tho path ■of the 
body will be one of the conic sections. Let tlie body be 
projected in tbe right line ad, with the given velocity c; , 
and since the absolute quantity of the cenlripttol force it 
known, there will thener be given the velocity with which 
a body can describe a circle at the distance ap, by the 
same force: for it is equal to that acquirv^by a body in 
falling through 4 af, while urged constantly by the same 
force. Let that velocity be c. Erect ac perpendicular to 

AD, in which take ar a 4-th proportional to c*, c*,-jj-, 

where fp isa perpendicular on ad ; then a r will be the ra¬ 
dius of curvature at a. Draw ub perpendicular to ap, 
and BC perpendicular to au; then drawing ri^Mt will give 
the position of the axis. Make the angle r.AC^^al to the 
angle fac. Tlu n, if ae bo parallel to rc, the figure in 
which tin* body moves will be a parabola. But if it meet 
tlic axis PC in e; and if the points r and Efall on the same 
side of tho point c, the figure will be an hyperbola; but if 
p and E fall on contrary sides, the figure will be an cllip- 
, sis. Hence, vpith the foci E and p, and the axis a r i AB, 
the section may be described in which the body will move. 

For further particulars on central forces, the reader may 
consult Newton’s Frincipia, Vuriguon in the Memoirs of 
the French Acadethy, 1700,1701; MaclauriirsFluxions; 
Simpson’s Fluxions; Gregory’s Mechanics, vol. 1 ; Daw¬ 
son’s Essay on the inverse problem ol central forces, ip 
the Manchester Memoirs, or iu Lcybourn’s Malhcjjal*’ 
cal Repositoiy, Nos. 4 and 5, N. s.; and Waring’s paper 
on central forces, Philos. Trans, vol. 78» of n»y Abridg* 
ment,-v. l6, p. 384. 

Central Rule, is a rule or method discovered by 
Mr. Thomas Boker, rector of Nympton in Devonshire, 
which he published in bis Geometrical Key, in the year 
1684, for determining the centre of a circle which shall cut 
a given parabola in as many points os a given equation, to 
"be constructed, has real roots; which he has applied with 
good success in the construction of ell Muations as far as 
the 4th power inclusive. ^ 

Tbe Central Rule is chiefly founded oi^ihis property of 
the parabola; that if u line be iiiscriWd in the curve per* 
pcndicular to any diameter, tbe rectu^e of the segments 
of this line, is equal to the rectangiBdf the inlercepfb* 
part of the diameter ood the pq^ameter of tEe axis. 



C E N 


C 

The Central Rule has the advantage over the methods of 
constructing equations by Descartes and Delattcrts, which 
are liable to the (rouble of pn*pariug (he equations by ta¬ 
king away the second term ; whereas Baker s method ef¬ 
fects the same thing without any previous preparation 
\shaievcr. Sec Pliilos. Trans. 157. 

CliNTUlC, or Centru, in a general sense, signifies a 
point equally remote from the extremes of a line, plane, or 
5oli<l ; or a middle point dividing tlaun so that some cer¬ 
tain effects are equal on all sides of it. 

Centre qf Aitractiofiy or Graviuaiony is the point to 
svliicl) bodies tend by gravity; or tliat point to which a 
revolving planet or comet is impelled or attracted, by the 
force or impetus of gravity. 

Centre, in Architecture. This term is used to denote 
a frame of timber, constructed for the purpose of sup¬ 
porting the stones or bricks forming an arch or vault, 
during the erection. Thus the centre serves as a founda¬ 
tion for the arch to be built upon, whicli at tlic completion 
of the work is struck or taken down, and then the arch 
will support itself by the reciprocal pressure of its parts. 

Centre of a Basiionf is a point in the middle of the 
gorge, where the capital line coniiucnccs, and which is 
usually at the angle of the inner polygon of the figure. Or 
it is the point w)»ere the two adjacent curtains produced 
intersect each other. 

Centre of a Crrc/r, is the point in the middle of a cir¬ 
cle, or circular figure, from which all lines drawn to the 
circumference arc equal. 

Centre o/ a Conic Seciicn^ ia the middle point of any 
diameter, or the point in which all the diameters intersect 
and bisect one another. 

In the ellipse the centre i< within the figure; but in the 
hyperbola it is w ithout, or between the conjugate hyper¬ 
bolas; and in the parabola it is at an infinite distance 
from the vertex. 

Centre of ConversioUf in Mechanics, a term first used 
by M. Parent, ond may be thus conceived: Suppose* a 
slick laid on stagnant water, and then drawn by a ihreail 
fastened to it, so that the thread always makes the same 
angle with the slick, cithern right angle or any other; 
then it will be found that (he stick will turn on one point 
of it, which will be immoveable; and this point U termed 
the centre of conversion. 

This effect arises from (he resistance of the fluid to the 
stick partly immersed in it. And if, instead of the body 
thus fiuating on a fluid, the same be conceived to be laid 
on the surface of another body; then the resistance of this 
plane to the stick will still have the same elTcct, and will 
determine the same centre of conversion. And this rrsist- 
ance is precil^Iy what is called friction, so prejudicial to 
the effects of machines. ‘ 

M. Parent has determined ihb centre in some certain 
uses, with much laborious calculation. When the thread 
is fastened to the cxirciiiily of the stick, he found that the 
distance of the centre from this extremity would be nearly ‘ 
yI of (he whole length. But when it is a surface or a so¬ 
lid, there will b<^oine change in the place of this centre, 
^cording to the nature figure. See Mem. of the 

Ac^. of Sciences, vol. 1 , p. Ipl. 

Centre^ a Curre, of the higher kind, is the point 
where two diameteiB meet.~WhcD all the diameters meet 
tn the same point, it is called, by Sir Isaac Newton, the 
general centre^ 

Centre qf a Diutf is the point where ita gnomon or 
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stile, which is placed pamllcl to the axis of the earth, 
meets the plane of the dial; and from this all the hour- 
lines arc drawn, in j;nch dials as have centre^, viz, all ex¬ 
cept that wlio>c ])l:mc is parallel to tijc axis of (he eart}» 
where there can be no centre; in w hich ^11 the hour¬ 
lines will be parallel to (he slile, and to one another, (he 
centre being as it were at an iinfinite <iistance. 

Centre oJ"K< juHiOriumy is the same with respect to bo- 
<iies immersed in a fluid, the c<*n(ro of gravity is to bo¬ 
dies in free space; being a certain point, upiui which if 
tlie body or bodies be suspetuled, they will rest in anv po¬ 
sition. lo determine this centre, si*c Lmersoi/s Meehan, 
prop. 92, p, 134. 

Centre q/* Frictipn^ is (hat point in the base of a body 
on which it revolves, into which if the whole surface of the 
base, and the mass of the bo<ly were collected, and made 
to revolve about the centre of the base of the given body, 
(he angular velocity ck>stroycd by its friction wouhl be 
equal to the angular velocity destroyed in the gi\en beats* 
by its friction in th<* same time.—See Vince on the Motion 
of Bodies atfected by friction, in the Philos. Trans. 1785. 

Centre of Civ/r/ty, is that point about winch all tlie 
parts of a body do in any situation exactly balance each 
other, lienee, by means of tins property, if the body be 
supported or sus[)ended by this point, the binlv will n.‘?>t in 
Hiiy position into w hicii it is pul; as also, tlnit if a plane pass 
through the .same point, the segments on each side will equi¬ 
ponderate. neither of tlieiii beim: *tble to move the olJjer. 

The cenlrc ot gravity ot a ho<ly is not always within the 
body itselt : thus the centre of gravity of a ring is not in 
the substance ot a rinc. but in the axis of its circumscribing 
cylinder : and Hie cenlrc of gravity of a hollow staff*, or o? 
a bone, is not in the matter of wliicli il is constituted, but 
somewhere in its imaginary axis. ICsiry body however 
has a centre of gravity, uinl %o has every system of bodies* 
ll a heavy body be sustained by two or more forces, 
their directions must meet either at the centre of gravity 
of that lK)dy, or in the vertical line which p^isscs through it* 
\yhen a body stands upon a plane, if a vertical line 
passing through the centre of gravity fall within the base 
on which the body stands, il >vill not full over; but if 
that vortical line passes without the base, the body will 
fall, unless u be prevented by a pr<^p or cord. Where the 
vertical line falls upon the cxlreiniry of the base, the body 
may stand, but the equilibrium mav be disturbed by a 
very trifling force; and the nearer tliis line passes to any 
edge of the base, the more easily the body is thrown over ; 
the nearer it falls to the middle of the base, the more 
firmly (he body stands. 

'riie whole gravity, or the whole matter, of n body, may 
be conceived united in the ccnln* of gravity ; and in de- 
monstrations it is usual to conceive all the matters as re¬ 
ally collected in that point. 

Through the cenlrc of gravity pas^ a right line, called 
the diuincter of gravity ; and then-fore the intersection of 
two such diameters determines the centre of gravity. Also 
the plane upon which the centre of gravity is placed, i$ 
called the plane of gravity; so that the common intersect 
tion of two such planes determines the diameter of gravity* 

In homogenenl bodii*s, which may be divided length* 
ways into similar and equal parts, the centre of gravity is 
the same with the centre of magnitude. H.encc therefore 
the centre of gravity of a line is in the middle point of it, 
or that point which bisects the line. Also the cimtre of 
gravity of a pamllelugrain, or cylinder, or any prism* ‘ 
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wliAUwCf t'i in \\ic nnclJlc {joint of the axis. And the 
(intrc of j*ra>ity ui a circle or any regular.figure, is the 
>aini* us ilje centre of magnitude. 

Also, it" a line cun be so drawn as to divide a plane into 
(cjual and similar parts, that line will be a diameter of 
;;iavily, or will pass tlirougli the centre of gravity; and 
It IS tin? same us the axis of the plane. Thus the line 
drawn from tlio vertex and peq>cndicular to the base of 
an isosceles triangle, is a diameter of gravity ; and tlius 
oKo tin? axis of nn (dlipse, or a parabola, ^cc, is a diameter 
of gravity. I'he centre of gravity of a segment or arc of 
a circle, is in the radius or line perpendicularly bisecting 
iI!n clmnl or biuc. 

Likewise, if a piano divide a solid in tlic same inniincr, 
making liic parts on botli sides of it perficlly equal and 
similar in all re-peels, il will be a plane of gravity, or will 
pass tlu'ongli the centre of gravity. 'I'bus, as tlic inter¬ 
section of two snch planes determines tbe diameter of gra¬ 
vity, the centre of gravity of a right cone, or spherical seg- 
ini at, or conoid, ^c, will be in the axis of the same. 

'I'lic centre of gravity of a ship, is always before the 
point, which is the middle of her absolute length : for the 
fore-part, being of greater capacity than the after-part, 
must consc<jUcnlly have greater weight; and therefore it 
carries the centre of gravity forwards in proportion to its 
greater weight (which in large ships is from 50 to 80 tons), 
uinl also to llic interval between every C'-iUre of gravity of 
each particular part both forward and aft. When a ship 
is at sea am! loaded, the centre of gravity may well be 
supposed not to change, unless the cargo be moved. But 
expericticc shtovs that the fore or after-part of the bottom 
of a ship plunges and labours more and more, in propor¬ 
tion as the wind acts with more or less force on the sails; 
because ships arc generally not masted according to the 
point velique; so that a ship, which has the centre of the 
effort of her sails ill-placed, draws always more water for¬ 
ward or aft when the impulse of the wind upon her sails 
is very powerful, than when she is at ease under her bur- 
tlien. 1'rom the centre of gravity of the floating line of a 
ship let a perpendicular be raised, and continued till it be 
intersected by (lie direction of the impulse of the water on 
the bows, in sailing directly before the wind ; and where 
these two lines cut each other, that point is the)>omt ee- 
lique, and where the centre of effort of all the sails should 
be placed. 

Common Centreof Graoil^ of two or more bodies, or tho 
different parts of the same body, is such a point ns (hat, 
if it be suspended or supported, the system of bodies will 
c<|uipoudcra(e, and rest in any position. Thus, the point 
of suspension in a common balance beam, or steelyard, is 
tho centre of gravity of the same. 

When any number of bodies move in right lines with 
uniform motions, their common centre of gravity moves 
also in a right line with n uniform motion; and the sum 
of their motions, estimated in any given direction, is pre¬ 
cisely the same as if all the bodies in one mass were car¬ 
ried on with the direction and motion of their common 
centre of gravity. Nor is the centre of gravity of any* 
number of bodies affected by their collbion or actions on 
each’ other. For further particulars on the motion of the 
centre of gravity of any number of -bodies, see Emerson's 
Meehan. Props. 48, 49. &c. 

Law! ana Deienninatim of (ht Centre of Gravity. 

1. Tho centre of gravity of two equal bodies or masses 
is equally distant from their respective centres. Fur these 


arc as two equal weights suspemlcd at equal dislancos from 
the point of suspension ; in which ease they will equi¬ 
ponderate, and rest in any position. 

©—t;-Ob 

2. If the centres of gravity of two bodies, a and b, be 
connected by the right line ad, the distances ac and nc, 
from the common centre of gravity c, arc reciprocally as 
(he weights or bodies a and d ; that is, ac : BC : : a : a. 

See this demonstrated under the article Lever. 

Hence, if the weights of the bodies a and n be equal, 
their common centre of gravity c will be in the middle of 
the right line AD, as in the foregoing article. Also since 
A : r. : : BC : ac, therefore a x ac =s b x bc; whence 
it appears that the powers of equiponderating bodies are 
to be estimated by the product«uf the mass multiplied by 
the distance from the centre of gravity; which product is 
usually called the momentum of (lie weights. 

Further, from the foregoing proportion, by composition 
it will be A -•- D ; a : ; a D : nc, or a •+■ n : D : : ab : ac. 
So that the common centre of gravity c of two bodies will 
be found, if the product of one weight by the whole di¬ 
stance between the two, be divided by the sum of the two 
weights. Suppose, for example, that a = 12 pounds, 
B = 4lb, and ab = 36inches: then l6 : 12 :: 36 : 27 = 
DC, and consequently AC = 9, tlic two distunccs from the 
common centre of gravity. 



3. ne common Centreof Gravity qf three or more given 
bodies or points a, fi, c, D, &c, will be thus determined.— 
If the given bodies lie all in the same straight line ad ; 
by the last article, find p the centre of gravity of the two 
A and B, and q the centre of gravity of c and d ; then, 
considering p as the place of a body equal to the sum of 
A and n, and q us the place of another body equal to both 
c and D, hnd 9 the common centre of gravity of these two 
sums, viz, A -H B collected in P, and c d united in q; 
so shall s be the common centre of gravity of all the four 
bodies, A, D, c, D. And (he same for any other number of 
bodies, always considering the sum of any number of them 
as united or placed in their common ccjitrc of gravity, 
when found. 

Olhenoisey thus. Take the distances of the given bodies 
from some 6xcd point as v,. calling the distance ta = a, 
VB es b, VC ^ Cy VD ss d, and the distance of the centre 
of gravity vs = j; then sa = x — a, sD = x — 6, scs= 
c — X, SD = d — X, and by the nature of the lever 
A . (x — a) -t- B . (X — 6) C (c — x) -H D (<i — x) ; 
hence ax bx -»• ex -t- dx as ab •+- b6 -KiCc i>d, and 

X =8 ***'*' °* '*' *^‘ sa vs*tho distance sought; which 

A4.B>t-C-f-0 O’ 


therefore is caual to th#sum of Ml the momenta, divided 
by the sum of all the weights or bodies. 



Or thus. When the bodies arc not in the same straight 
line, connect them with the lines ab> cd ; then, os before, 
find i the common centre of a and b, end q the common 
centre of c and d; then, conceiving a and b united in p> 
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arul c and 0 united in Q, tind s the common centre of p 
and Q, which will be the centre of gravity of the whole. 

Or the bodies may be all recluccd to any line f'.ic, icCy 
drhwn in any direction whatever, by perpeinliculars bD, 
cc, ScCy lei fall thercun from the ceiilri& <if gravity of 
those bodies; and then the common centre > in tius line, 
as before, will be at the same distance hum v as the true 
centre s is; and consequently the pirpendicular from 5 
will pass through s the real centre. 

4. From the foregoing general e.xprcssion, viz, 

AO -4- Cf ^ . 

X — -. lor the centre of gravity of any 


A -h U C + 

system of bodies, may be derived a general method for 
finding that centre in any body; a, b, c, may be 
considered as the clemenUtry [larts of any body, whose 
sum or mass is ai ^ a -h ® -+■ c &c, and Aa» nfc, ct , cVe, 
are the several momenta of ull these parts, viz, the ()ru;luct 
of each part multiplied ‘ bj its distance from the fixed 
point V. Hence ihcii, iti an\ body, find a general ex¬ 
pression for the sum of the momenta, and tlividc it by the 
content of the body, 50 shall the quotient be the tlistuncc 
of the centre of gravity from the vertex, or from any other 
fixed point, from which the momenta are estimated* 

i 

A C B 

5. Thus, in a right line ab, all tbft particles which com¬ 
pose it may be considered as so many very small weights, 
each equal to x, which is therefore the fluxion of the 
weights, or of the line denoted by x. So that the small 
weight X multiplied by its distance from a, viz x, i?xx the 
momentum of that weight i ; that is, xi is the fluxion of 
all the momenta in the line a d or x; and therefore ib flu- 
enl is the sum of all those momenta; which being di¬ 
vided by X the sum of nil the weights gives {x or }ab for 
the distance of the centre of gravity c frmn the point a ; 
that is, the centre c is in the middle of the line ad. 

6. AUo in the parnlUlogram, vvhose axis or length 
AD = X, and its breadth uc = 
drawing de parallel and indefi¬ 
nitely near db, the areola doExs 

% 4 • 44 . A ^ 
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weights, wliicli multiplied by its 
distance x from the point a, gives 

bxx for the fluxion of ull the mo- _ 

menta, and conscqnemlv llic fluent \bx* is tlic sum of all 
those momenta themselves; which being divided by bx 
the sum of nil the weights, give}x = 4AB for the distance 
of the centre c frofli the extremity at a, and is therefore in 
the middle of the axis, as is known from other principles. 

And the process and conclusion will be exactly the 

Mine for a cylitulcr, or any prism wbutever, making b to 

denote the area of the end or of a transverse section of the 
body. 

7 . In a triangle a DC; the line ad 
drawn from one angle to bisect the op¬ 
posite side, will be a diameter of gravity, 
or will pass through the centre of gravity: 
for if that line be supporietj, or conceiv¬ 
ed to belaid upon the edge of something, 
the two halves of the triangle on both 
sides of that line will just balance one ^ 
another, sipcc all the parallels tp &c to the base will be 
bisected, as well as the baso itself, and so the two halves of 
each line will just balance each other. Therefore, putting 
the base bc —. b, and the axis or biaccliug line a d =: a, 



] 

the variable part as = j ; then, by similar iriai)gl»‘> a rr ; 
BC ; ; AS : tr, that is n : t ; x ; - = i:r: «hic!i, a'- a 


weight, multiplied by x, gives for the fluxiun 
weights; anil this again multiplied by x = as, the distance 
from A, givc-s- for the flu.xion of the moinenla; the 


of ih 


the fluent for ll>c 


fluent of which, or — divided by — 

aa •' ia 

weights, gives = ^as for the distance iif the centre of 

gravity from the vertex a in the triangle aei ; and when 

X = AD. ihen -Jad is the distance ol ilie centre of gravity 

of the iriainile a DC. 

T/ie same' oihciu-ite, without F/uxions. Since a line 
drawn from any angle to the midille of the opposite side 
passes through the centre of gravitv. thcnlore the inter¬ 
section of any two of such lines, will be that ceiilie ; thus 
then the centre of gravity is in-tlie line ad ; and it is also 
in the line CG bisecting ab; it is llurefore in tliiir inter¬ 
section 8 . Now to iletcrniine the distance ot » from any 
angle, as a, produce cc. to meet bii paralh I to as in ii; 
then the two triangles ags, bgh are mutually equal .and 
similar; for the opposite angles at g are e<|uul, as are the 
altcrnalc anglc-s at ii and s, and at a and it, also the side 
AO = dg; therefore the other sides nn, as are equal. 
But the triangles cus, CDii are similar, and tlie side 
CB = Cco, therefore nil or its eqtial as = 2ns, that is 
AS ss |ai), the same as was found before. And in like 
manner cs = ^cc. 

8 . In a trofieziui'i. Divide the 
figure fnto two trianghs by the 
diagonal ac, and find the centres 
of gravity v. and r of these trian¬ 
gles; join cf, ami find tlie common 
Centre g of these two by this pro¬ 
portion, A nc : A DC ;: r G : e<*, or 
ADCn : ADC : : EP : eg. 

In like manner, lor any other 
figure, vihateVer be the number of sides, divide it into se¬ 
veral triangles, and find the centre of gravity of each ; 
then connect two centres together, and find their common 
centre as above ; do the same with this and the centre of 
a third, and so on, always connecting the last found com- 
inon centre to another centre, till tin- whole are included 
in this process; so shall the lust coininon centie be that 
which is rc<|uired. 

9 . In the Farobola bac. Put ad xs x, bd =r v, and 

the paramctiT =p. Then, by the nature of the figure 
pJ =y‘, and 2y^= 2v'pJ ; hence . ’ 

2xt/px is the fluxion of the mass, 
and Qxx^px is the fluxion of the 
momentum; then the fluent of the 
laiter«l.ividcd by that of the former, 
or fr*A/pr divided by ^x^pz, 
gives |x = fAD, for AG, the di¬ 
stance of the centre of gravity o, 
from the vertex a of the parabola. 

10. In the Circular Arc a B D, 
considered as a physical line . 
having gravity. It is mani¬ 
fest that the centre of gra- j 
vity G of the arc, will be 
somewhere in the axis, or / 
iqiddle radius bq, c being i 
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llu' centre of tin' circle , vn hich is cun^i(lc^cll as llic point of 
Snp|M sr I iii<li hrii(< Is nrar to .\f uinl ru parall< I 
to IK , lN:t Ito railius ju c»r \v = t\ tliCM'iniair a n = r, and 
llM S< nnclH)i<l m:= }; tlu his .s ii ^ a zlliothixioii 

<d (hr mass; iIktoIihc rh k i is (lie lluMoii of tlio itio- 
ihontinn. Hut, li) siiiuKir tiiaii^'lcs or r : < i, : : at or 
z : A If or A', n <Tvl*un- ^ ck * z, aiuf so rx also the 
fliJ\ion of Mic niotiictiHiin ; iho ilucnt of is rr, aiul 

(Ids divided by z the ssliole vvtighl, gives — = 


C ^90 ] 

Jnr fur ibc distance of the centre of gravity of the cone 
or loc for dial of the com pao below tlie \cr(cx D. 


An<l tlie ^Aineis t(ic distance' in any other pyramid. So 
timt all py raiuids of the saint* altitude, have the same cen* 
ire of Cl Asily. 

13. Grncf ul Scholium (o the /oregoim: nriicics, /or the 
place of the centre of jiravu^ m ^geometrical fi^uYct. 

(1). 'J'hc centre ol gravity ol every geometrical figure^ 
ies in its axis or diameter. 


At 
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=5 CO the distance of die cciiircofgravity from die 

Centre c of the circle; being a 4di proportional to die 
given arc, its chord, and the laditis of the circle. 

lldico, when tl.e arc becomes die semicircle inK, 

It » ic^ r 

die above e.Noression becomes — or ■ = ^ ~ 

' 18 l*>7oer l•i7e« 

*(>356r, viz a third proportional to a quadrant and the radius. 

11. In the Circular Sector ardc. Here also the centre 

of gravity will be in the a.xis or middle radius ac. Now 

with any smaller radius describe die concentric arc lmn, 

ami put the radius ac or BC = r, thcarc abd s o, its 

chord AEi) =: c, and tim variable radius CL or CM ^ y i 

then as r; : : « : y = the arc i.mk, and r : y : : c: ^ , 

^ the ciiord LOK; also, by the last article, the distance 

-1 - . i- I . CM K U>N 

VI the' ceiitie oi gravity ol tuc arc lmn is — — = 

^ ss —; hence the arc lmn or — multiplied by> 
Atu d r * 

the fluxion of all ihc wcighls or mass, and this 
multiplied by ^ the distance of the common centre of 
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gravity, gi\cs the fluxion of the momentum; 

fluent of nhicli, viz divided by the fluent of the 

nia!is,gi\(-s^ for the dislaoce of tlie centre of gravity of 

the sector ci.MN from the centre c; and wheny = r, it 

becomes — ss: co for that of the sector card proposed; 

being ^ of a 4lh propoilionai to ibc arc of the sector, its 
chord, and the ridiiis of the circle. 

Meticc, when the K'cior becomes a semicircle, the last 

expression bec»>mes =s ^ or -I of a 3d proportional 

to a quodrantal arc and the radius. Or it is equal to 

^ = •+24+r from the centre c ; whore p s= 3*1416. So 

that the distance of the centre of gravity of the sector, is 
just equal to 4 of tlial of its arc. . 

1 '^. In the Cone aob. Putting a = nc, 6 = area of 
thebase A£H, and X s uc'unyva- 
riablcaltitude; tbcnaso^ix’’: ib: 

T = area aeb ; hence the fluxion 

fT 

of the mass is ^ whose fluent^ 

tx* 

or the solids is ^;andthcnuxion 

of the momentum is whose 
to* 

fluent is —: then this fluent di« 

vided by the fofmer fluent^ (he^ 
whole weight or moss^ gives ^ or 


(he 


j 



1 

being that line which is 
drawn iiom the middle v( 
the base of one <'nd, to the 
middle of tlic opposite end, 
or to (lie opposite an^lc or 
veitox; because this line 
bibccls all the ordinates or 
scctiims parallel to the suid 
baM‘ or ends. And the distance of the centre of gravity, 

AS measured on that axis, eiihcr Irom the base or from 
the vertex, is for the several ligurc^s as below. 

(2) . The centre of gravity is in the middle of that axis, 
or length, or equally distant from both ends, or coinciding 
with the centre of magnitude in all regular figures, or such 
as have oil the said parallel sections equal; such as right 
lines, all paraUclogroms and prisms, all regular plane po- 
lyguns arni solid polyhedrons, also the circle and sphere, 

(3) . In a triangle and paraboloid, it is -y of Ihb axis 
from tlic base, or ^ from the vertex. • 

(4) , Jn a parabola It is 4 from the base, or | from the 
vertex.* 

(5) , In a circular arc, it is from the centre of the cir* 
cle, a 4lh proportional to the arc, its chord, and the ra^ 

dius of the circle, viz, —, 

(6) . In a circular sector, tlic distance from the centre is, 
ur ^ of the said 4lh proportional to the arc, chord, 

and radius. 

• _ , , AT* 

(7) * In a semicircle the distance from the centre is —> 

or 7 of H third proportional to the arc and radius. 

( 8 ) . In a circular si^gincni, the distance from the cen« 

tre is —^ or of the cube of the chord divided by 

Daira ** . 

the area of llie segmeut, or -ft of 4ih proportional to 
the said area, the square ot the chord, und the some 
chord. 

(9) . In any pyrainid or cone, it is 4 from the base, or 

4 from the vertex. * 

( 10 ) . In the, hemisphere, or hemispheroid, it is 4 from 
the base, OP 4 from the vertex. 

( 11 ) , ,In the segment of a sphere, or o.^ a spheroid, the 

distance from the bnse is ^ 7 —-A; where A denotes the 

height of the segment, and d the whole diameter or axis. 

( 12 ) . In the segment of an hyperbolic conoid, the di¬ 
stance from the bnse is where. A and d arc the 

same as above, -viz, the height of the segment and the 
whole diameter nr axis. ' 

(13) . In any figure, composed of two parts, or for any 
two bodies: find the centre of gravity of each of the two 
bodies, or two parts, and connect these two centres by a 
right line, in which line will lie the commoh Centre of 
gravity of the compound body; and the distance of that 

centre from Iho centre of each body, 01 each part, will bo 
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regulated by this proportion, viz, that each distance is re- 
ciprocdly proportional to the mass or weight, or content 
cif each body; or, as the sum of the contents of the two 
bodies, or of the whole compound mass, is to the whole 
distance of the two centres, so is each particular body or 
part, to the distance from the centre of the other bodj- or 
part. ^ 

14'- To delc/tniTU Mr Centre of Gravity in ar.y Body me¬ 
chanically. Lay the body on tlic edge of any thing, as a 
triangular prism, or suth like, moving it backwards and 
forwards till the parts on both sides are in eqiiilibrio ; then 
IS that line just in, or under the centre of gravity. Balance 
it again in another position, to find another line passing 
through the centre of gravity; then the intersection of 
these two lines will be tbe centre required. 

The same may be done by laying the body on an hori- 
*ontal table, as near the edge as possible without its fall¬ 
ing. and that in two positions, as lengthwise and breadth¬ 
wise: tlien the common intersection of the two lines con¬ 
tiguous to the edge, will belts centre of gravity. Or it 
may be done by placing the body on the point of a style, 
&c, till It rest in equilibrio. It was by this method that 
Borelli found that the centre of gravity in a human body 
IS between the nates and pubis; so that the whole gravity 
of the body is collected into the place of the genitals; an 
instance of the wisdom, of the Creator, in placing the 
membrum virile in the part which U the most convenient 
lor copulation* 

The tame oilterwiic ; thus, Hang the body up by any 
point; then a plumb-line hung over the same point, will 
PMS through the centre of gravity; because that centre 
wdLalways descend to the lowest point when the body 
coTOs to rMt. which it cannot do except when it falls in 


was found above at art. II, that in a semicircle, the di¬ 
stance of the Centre of gravity from the centre of the cir- 

cle is - ; and therefon- the path of that centre, or the 

circuinlerence described by it while the semicircle re¬ 
volves about its diameter, is'|r; also the area of the semi- 
cii clo is ipr^i hence the product of the two is which, 
it is well known, is equal to the solidity of the sphere ve¬ 
nerated by the revolution of the semicircle. 

And hence also is obtained another method of finding 
mathematically the centre of gravity of a line or plane, 
from the conlcnls of the superficies or solid generated by 
it. For if the generated superficies or solid be divided by 
the generating line or plane, the quotient will be tlic cir¬ 
cumference described by the centre of gravity; and con¬ 
sequently this divided by 2p gives the radius, or distance 
of that centre from the axis of rotation. For example, 
in the semicircle, whose area is ^pr^, and the content of 
the sphere generated by it ; here the latter divided by 

tbe former is and this divided by gives — for the 

distance of the centre of gravity from the axis, or from 
the centre of the semicircle, the same as before. The pro¬ 
perty last mentioned, relative to the relation between tlic 
centre of gravity and the figure generatwl by the revolu¬ 
tion of any line or plane, is mentioned by Pappus, In the 
preface to his 7tli book ; and Father Guldini has more 
fully demonstrated it in his 2d and 3d books on the Cen¬ 
tre of Gravity. 

The principal writers on the centra of gravity arc Ar¬ 
chimedes, Piippus, Guldini, Wallis, Casatus, Carr6, Hays, 
Wolfius, &c. See also iny Mensuration, p. 382, 4th edit. 
Centre of Gyration, is that point in which if the 


^ . II fTL r-wiK-ji II laiis 10 i ivfc uj xyyratiwj^ IS mat poioi ID Winch il Ihe 

marking Jine upon it, . whole mass be collected, the same angular velocity will 
anU suspcndins (he body bv anotki*r nninp Iv* l.. ^ . ^_ 


and suspending the body by another point, with the plum- 
met, to find another such line, the inrciseciion of the two 
will give the centre of gravity. 

♦ ?'* the same 

tack, but fixed to different points of the body; then a 

plummet, hung by the same tack, will fall on the centre 
of gravity. 

In the 4th volume of the New Acts of tbe Academy of 
Petersburg, is the demonstration of a very general theo¬ 
rem concomiiig centres of gravity, by M. Lhuilier; a 
particuly example only of the general proposition will 
be as follows: Let a, a. c, be the centres of gravity of 
three bodies i a, b, c their respective masses, and q their 
common centre of gravity. Let right lines qa, qb, qc, be 
drawn from the common centre to that of each body, and 
ibo latter be connected by right line* ab, AC.and LC^ lhcii 
QA* X « QB* X A QC* X C S= 

Ob 


be generated in the same time, by a given force acting at 
any place, as in the body or system itself. 'Phis point dif- 
ferii from the centre of oscij^lion, inasmuch as in this 
latter case the motion of the body is produced by the gra¬ 
vity of its own particles, but in the case of'the centre of 
gyration the body is put in motion^y soup} other force 
acting at one place only. - ' * , 

To determine the Centte qf Gyration, in any body, or 
system of bodies composed of.the,parts a, b, c, &c, moving 
about the point s, when Urged by a force/acting at any 
point B. See the following figure. Let R be that centre; 
then, by mechanics, the angular velocity generated in the 

system by the force/, is as——. i ■ and bv 

the same, the angular velocity of the matter pluced all in 

the point r, is—then since these two are 


AB* X 


AC 


nc 


tt « + ^ + v ■ a + b + t 

Um of the Centre of Gravity. This point is'nf the 

protest use in mechanics, and many important concerns 

a. ih ' centre is to be considered 

effect • mechanical 

ea^ilTar^^lJ. prcssurcs of bodics, baiiks of 

earth, arches of bridges, apd such like. 

superficial 

. .f,” ±“1'':" rule, ?bat .he 


{_i-l-8-BC8.c) X sr" 

to be equal, their equation will give sr 
_ c.»c*Ac . 

V ’^A + B + c&c—‘"C disunce of tbe centre 

of gyration sought, below the axis of motion. 


Now because the quantity a . sa* 


^ -h D . SB* -I- &C is SS 

‘.f ® ° centre of gravity, o the centre of 

oscillation, and Athewhble body or sum ofA,B,c,A'C; 
therefore It follows that sa*= so . ao; that is, the dis- 
taiicc of the centre of gyration, is a mean proportional be- 

xii.V i-— »*«. .*• laugeiieniiruie, mat tne .*'‘'ccn those of gravity and oscillation. . 

tiia... gencratrd by ihc rotation of a line or 1 henCe also» if p denoto any particld of a body 

tlw ^ \A ** always equal to tbe product of Uie distanced from the axis of njotion; then is 

the sai^d line or plane drawn into ih.. ^'umof.iithcpd* . 

I-U.h focnbcl by .be centre of gravity, ftrxxrnle, U “ ~ “■» * ■“•y lo deter- 

*• • rained in bodies by ucani of Fluxions* 

2 0 
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(hcparL^; this value then being substitufed in the nume 
rater of the 2d value of so abo%*<sfound, it becomes 

^. so’ + A . ca’ + B . or.’ &c 

so =: -- ■ *1 or 

^. sc 

A . Oa’ 4* fi . CB* &C 

30SSG H-;-; 

b .so * 

From which it appt-ars that the centre of oscillation is 
always below the centre of gravity, and that the difl'ercnce 

or distance between them is go s= *_•«* -t- b . gb &c 

^ (■ . %Q * 

It follows also from hence, that so . co = 

A . oa’ ^ 0 . OB* &e , 

- ^ -; that IS, the rectangle so . go is always 

the same constant quantity; wherever the point of suspen¬ 
sion s is placed, since the point g and the bodies a, b, &c, 
arc constant. Oroo is always reciprocally as so, that is 
GO is less as SG is greater ; and the points o and o coin* 
cide when SG is infinite; but when s coincides with c, then 
CO is infinite, or o is at an infinite distance. 

To find the Centre <\f OicUlation by means of Fluxions. 
From the premisi-s is derived (his general method for the 
centre of oscillation, viz, let x be the abscissa of an oscilla¬ 
ting body, and y its corresponding ordinate or section; then 
will the distance so of the centre of oscillation below the 
axis of suspension s, be equal to the fluent of yr* i divided 
by the fluent o(yxx. So that, if from the nature or equa¬ 
tion of any given figure, the value of y be expressed in 
terms of i, or otherwiw, and substituied in these two 
fluxions; then thefluents being taken, and the one divided 
by the other, the quotient will be the distance to the cen- 
tre of oscillution in terms of the absciss x. 

But when the body is suspended by a very fine thread 
ofa given length a, then the fluent of (a -i- x)». yx divided 
by the fluent of (a + x)yx gives the distance of the same 
centre of oscillation below the point of suspension. 

£x. For example, in a right line, or rectangle or cy¬ 
linder or anyfojher prism, whose constant section is v, or 
the constant quantity o; then yx*i is arV, whose fluent 
th jG! i hhoyix is who»c fluent iur* ; and the 
quotient of the former divided by the latter 4ai*, is 
^xfor the distance of die centre of oscillation below the 
vertex in any such figure, namely having every where the 
same brcadtll or section, thalis, m iwo-tbirds of its Icnoth. 

Jn like manner llie centre of oscillation is found^for 
various figures, vihraliiig flatways, and arc as they are ex- 
pressed viz, 

Nature qf the Figure. When suspended by Vertex. 
Isosceles triangle i of lu altitude. 

Commou Parabola | of iu altitude 

Any Parabola * its altitude. 


290 ] 

In a cone 
In a sphere 


f axis 




i AAll 


• 0;n + 1 ^ 

As to figures movt'd laterally or sideways, or edge- 
ways, that is about an axis perpendicular to the plane of 
the figure, the finding the centre of oscillation is some¬ 
what diflicult; because all the parts of the weight in the 
same horizoiiiul plane, on account of their unequal dis¬ 
tances from the point of suspension, do not move with the 
jame velocity; a. is shown by Huygens, in bis Horol. 

‘his case, the distance of the centre 
o| oscillation below the axis, viz, 

.iofthediamcien 

In a rectangle, tusp by one angle, 4 of the diagonal: 

In a parabola, susp. by its vertex, | axis | param. 

The same susp. by mid. of base, | axis -e | param. 

lo a sector ofa circle - . a Arc > ndUu 

A 4chcpl 


in a sphere.# ^ >5 

the radius, and g- = o r the rad. added to the lenclh of 
the thread. ** 

See also Simpson's Fluxions, art- 183 &c. 

To find the Centre of Oscillation Mechanically or Expet i- 
mentally. Make the body oscillate about its point of sus- 
pension; and hang up also a simple pendulum of such a 
ength that it may vibrate or just k«p time with the other 
body : then the length of the simple pendulum is equal to 
the distance of the centre of oscillation of the body below 
the point of suspension. 

Or it will be still better found thus: Suspend the body 
very freely by the given point, and make it vibrate in small 
arcs, counting the vibrations it makes in any portion of 
lime, as a minute, by a good stop-watch; and let that 
number of oscillations made in a minute be called n : then 
shall the distance of the centre of oscillation be 

MOSSO 


inches. For, the length of the pendulum vi¬ 
brating seconds,or 60 times in a minute, being 39J inches, 
and the lengths of pendulums being reciprocally as the 
square of the number of vibrations made in the same time, 

therefore n*: 60' :: 39i : the length of the pendu¬ 

lum which vibrates n times in a minute, or the distanca 
of the centra of oscillation below the axis of motion. 

Centre qf Percussion, in a moving Jaody, is that point 
where the percussion or stroke is the greatest, in which 
the whole percutient force of the body is supposed to be 
collected ; or about which the impetus of tlie parts u ba¬ 
lanced on every side, so that it may be stopped by an im¬ 
moveable obstacle at this point, and rest on it, without 
acting on the centre of suspension. 

1. When the piTCutient body revolves about n fixed point, 
the centre of percussion is the same with the centre of os¬ 
cillation; and is determined in the suraamaiiner, viz, by 
considering the impetus of the parts as so many w eighls ap¬ 
plied to an inflexible ritibt line void of gravity; namely, by 
dividing the sum of the products of the forcts of the parts 
multiplied by Uicir distances from the point of suspension, 
by the sum of the forces. And therefore what has been 
above shown of the centre of oscillation, will liold also of 
the centre of percussion, when the hotly revolves about a 
fixed point. For instance, that the centre, of percussion 
in a cylinder is at f of its Ictigth from the point of suspen¬ 
sion, or that a stick of n cylindrical figure, supposing the 
centre of motion at the hand, will strike the greatest blow 
at a point about Iwo-lhirds of its length from the hand — 
See the investigation at large in my Course of Mathematics, 
p. 44. ' ' 

7. But when the body moves with a parallel motion, or 
all Its parts with the same celerity, then the centre of per- 
cusaioti IS the same as the centre of gravity : for the mo- 
mcnla are the products of the weights and celerities; and 
to multiply equiponderating bodies'by the same velocity, 

IS the same thing as intake equimultiples; but the equimul¬ 
tiples o| cquipoiideruiing bodks do also equiponderate; 
therefore equivalent momenta are disposed about the cen- 
tre .of gravity, consequently In tliis case the two centres 

coincide, and wliat is shown of the one will hold in the 
other. 

Centre of Percussion, in a fluid, is the sumo as out of iu. 

2 Q 2 . BS 
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CtNTRE of a VaynlldogTHm^ the point in which its dia- 

g»)n4U UJfiTM'Ct. 

CiiVTUE of Vo'ilion, Sec Centre of 
Centre of Eres.»ure, of a fluid agiiinst a plane, is that 
point against which a loice being applied, equal to the 
whole pressure, but in a contrary direction, it will keep 
the surface at rest. It is eviticnt that, on a plane parallel 
to the horizon, or on any plane where the pressure is uni¬ 
form, the centre of pressure coincides with the centre of 
gravity of tlie plane. Ilut for other cases, it will be found 

by the following method. 

To find the Centre of Pressure Qf'nny Plane Surface. 

Let AHCD be the surface «l the fluid, vw, the plane ; 
whicli being pm- r 

ducod,lct cnbeiis ' 
intersection with 
the surface, p the j 
centre of prt'ssurc, p 
and G the centre of 
gravity; and con¬ 
ceive the whole 
plain: to be diviil- 
cd into an indefi¬ 
nite number of ex¬ 
tremely small parts 
of which one is x: 
draw PQ, c.g, xp, 

perpendicular to the surface, and pa, on, xm perpendicu¬ 
lar to cd; and join go, gn, vm, then it is manifest that the 
trianolcs rga, tii.'ni xvtn arc similar. Now, by the princi¬ 
ples of hydrostatics, the pressure on x, perpendicular to 
vw, is as X X 3T; and by mechanics, its cfTccl to turn the 
plane about cd, is as x x xt> x xm; but on ; 05 :: xm : xp 

xm X —; hence the effect of the pressure at x, to turn 
on 

the plane about cd, is as x x xin* x ; therefore the whole 

effect is as the sum of all the x x xm* x But if a = 

the area of vw, the whole quantity of pressure on vw = a 
X Og; therefore llie effect of the pressure at p, to turn Iho 
plane about cd, is as a x og x pa. Heuce a x og x pa = 

sum of all thcj X xm* x consequently 


pii = 


«um of M the X X xm* x — 

__05 

A X on 


Hence it appears, that P is at the same distajtcc fromed 
as the centre of percussion is, cd being the axis of stfspen- 
siun. They do not however in general coincide or lie in 
the same line, that is, in the line no; for the efficacy of the 
pressure at x, to turn the plane about no, is os x x xp x 
mn (or since xp variesasxm),as x x xm x mn; but the sum 
of all the X X xm x mn, is not generally =s 0, ihcrefurc the 
whole pressure will not necessarily balance itself upon the 
line on. The situation of the line pa must be determined 
by making tliesum of all the i x xm x mn =0, which in any 
particular case may be done by a fluxional process. -It is 
not therefore true, in general, that the centres of pressure 
and percussion are the same point. 

Centub 0 / ft Regular Polygon, or Regular Body, is the 
same as that of the inscribed, or circumscribed circle or 
sphere. 

Centre of Rotation, is that point about which a body, 
otherwise at liberty, revolves or tends to revolve when it is 
4 ^ted upon unci|uaily at ditfcrenl points, or by a force 


the direction of which docs not pass through iU centre oj 
grnMty. J- Bernoulli was the first wlio published any 
thing on this subject; and he first found the point about 
which a body at rest would begin to revolve when struck 
by another body, and he called this point the centre spon- 
Uineoiu rotation, to distinguish it from the centre of forced 
rotation. He observed however lhat D. Bernoulli had 
discovered the same; he has also mentioned the curve de¬ 
scribed bv lhat point in the progressive motion of iliu body, 
and has descnbeil a inclhod of inquiry by which the ve¬ 
locity of the biKlies may be found after the stroke. Mr- 
Vince has treated this subject much at large, ami with 
great perspicuity, in the I'hilos.'I tans. vol. 70, for 1780, 
p. 546, iS:c. 

Centre of a Sphere, is the same as that of its genera¬ 
ting semicircle, or the middle point of the sphere, from 
w heuce all right lines drawn to the superficies, are equal. 

Centre of Spunlumout Rotation, is that point which re¬ 
mains at rest the inslant a body is struck, or about which 
the body licgins to move. The term was first used by John 
Bernoulli to distinguish this centre from the centre of forced 
rotation, or lhat about which a body is compelled to re¬ 
volve, such for instance as the point of suspemion of a 
pemiulum. See Centre g/" Botation. 

Centuino of an Optic Glass, the grinding it so as that 
the thickest part be exactly in the middle. 

Cassini the younger has a discourse expressly on the ne¬ 
cessity of well centring the object glass of a large tele¬ 
scope, that is, of grinding it so us iliat the centre may fall 
exactly in the axis of the telescope. Mem. Acad. 1710. 

Indeed, one of the greatest difficulties in grinding lorgc 
optic glasses is, that in figures so little convex, the l^t ■ 
difference will throw the centre 2 or 3 inches out of the 
middle. And yet Dr. Hooke remarks, that though it were 
better the thickest part of a long object glass were exactly 
in the middle, yet it may be a very gooi^ic when it is 
an inch or two out of it. Philos.'I'runs. Wn. •!. 

CENTIUNG, or Centering, in Building, denotes the 
frame of timber by which, the brick or stone work o^ 
arched vaulting is supported during its erection, ami from 
which it receives its form and curvature. Fur their de¬ 
scription and properties, see the Principles of Bridges, io 
my new Tracts, vol. 1, p. 105. 

CENTUIFUGAL Sfachine, a curious machine invented 
by a Mr. Erskine, for raising water by means of a centri¬ 
fugal force, combined with the pressure of the atmosphere. 
This machine consists of a large tube of copper, &c,inthe 
form of a cross, placed perpendicularly in the water, and 
resting at the bottom on a pivot. At the upper part of the 
tube is a lioriiontal toothed wheel, which touches the teeth 
of another in a vertical position; so that by the aid of a 
double winch the whole machine is moved round with very 
great velocity. Near the boiloin of the perpendicular part 
of the lube is a valve opening upwards; and near the two 
extremities, but on the contrary sides of the arms, or cr^ 
pprt of the lube, arc two other .valves opening outwards. 
These two valves arc kept shut by means of springs, till tlic 
machine is put in motion, when the centrifugal velocity of 
the water forces them open, and discharges itself into a cis- 

• tern or reservoir placed there for that purpose. 

• upper part of the arm arc two boles, which are closed by 
pieces that screw into the metal of the tube. Before the 
machine can work, these holes must be ojiencd, and water 

I poured in through them, till the whole tube be full; by 
i these means all the air is forced out ^ the madiine, and, 
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the water supported in the tube by means of the valve at 
the bottom. The tube being thus /illcd with water, and 
the holes closed by therr screw caps^ it is turned round by 
the winch, when the water in the arms of the tube acquires 
a centrifugal force, o[K*ns the vahes near the extremities of 
the arms, and Hies out with a velocity nearly ecjuul to that 
of the cxtrcmitici of the said anus. 

Centhifugai- Force, is that by which a body revolving 
about u centre, ur about another body, endeavours to re*- 
cede from it. And 

CEN'rRIPKT.\L Force, is that by which a moxing 
body is perpetually urged towards a centre, and nvade to 
revolve in a curve instead of a right line* 

Hence, when a body revolves in a circle,these two forces, 
\ 12 , the centrifugal and centripetal, arc equal and contrary 
to each other, since neither of them gains upon the other, 
the body being in a manner equally balanced by them. 
But when, in revolving, the body recedes farther from the 
centre, then the centrifugal exceeds the centripetal force; 
as in a body revolving from the lower to the higher apsis, 
in an ellipse, and respecting the focus as the centre. And 
when the r<*volving body approaches nearer to the centre, 
the centrifugal is less tHan the centripetal force; as while 
the body moves from the farther to the nearer extremity 
of the transverse axis of the ellipse. 

It is one of the established laws of nature, that all motion 
is of itself rectilinear, and that the moving body never re¬ 
cedes from its first right line, till some new impulse be 
superadded in a difTcrent direction; after that new impulse 
tbc motion becomes compounded, but it is still rectilinear, 
though not in the same line or direction as before. To 
move in a curve it must receive n now impulse in a diffo 
rent direction every moment, a curve not being reducible 
to any iiumlier of finite right lines. If then a body, con- 
tinually drawn towards a centre, be projected in a line 
that does not pass through that centre, it w'ill describe a 
curve; in every point of which, as 
A, it will endeavour to recede from 
the curve, and proceed in the tan¬ 
gent ad ; and if nothing hindered, it 
would actually proceed in it; so as 
in the same |imc in which it de¬ 
scribes the arch ae, it would re¬ 
cede the length of the line dr, perpendicular to ad, by its 
centrifugal force: or, being projected in the direction ad, 
but continually drawn out of its direction into a curve by 
a centripetal force, so as to fall below the line of direction 
by the perpendicular space DC; then the centrifugal or 
^centripetal force is as this line of deviation OE, supposing 
the arch ae indefinitely small. 

The doctrioeof centrifugal forces was first mentioned by 
Huygens, at the end of his Horologium Oscillulorium, pub¬ 
lished in iGjiif and demonstrated in the volume of his 
Posthumous Works; as also by Guido Grahdo, who gave 
a few easy cases in bodies revolving in the circumference 
of circles. But Newton, in his Principia, was the first who 
fully prosecuted” this doctrine; at li*ast as far as regards the 
conic scciions. After him there have been several other 
writers on thissubject; as Udbniu, Vangnon, in the Mem. 
de 1 Acad., Keil, in the Philos. Trans, and ip bis Physics, 
^moulii, rJernian, Cotes, in his Karmonie Mensurarum, 
Maclaurin, in his Gcomctrica Organtca, and in his Flux¬ 
ions, and Lulcr, in his book dc Motu, where he considers 
the curves described by a body acted on by centripelai 
forces tending to several fixed points* 


CEE 

Sec also the article C<niirui Forcer, uheretijis doctrine is 
more fully explained. 

CEN'rilOBARYCO, the same its centre of graxiiy. 
Clntrod.\uvc McihoJ, is a method of <letcrn]injiig the 
quantity of a surface or by means of the geiuTatiii»» 

line or plane, and its centre of ^ravily. 'fhe ductniic js 
chieHy comprised in this thiureni: Ku*ry figure, whether 
superficial or solid, generated by fiie mutiuii of a line or 
plane, is equal to the product of the 1*1 ju raiino magnilu<ie 
and the path of its centre of gruMty, 01 cIk* line described 
by its centre of gravity. 

See more of thissubject in the art. Cektuf. 0/ Gravity. 

CENl’RUM, ill Geom. Mechanics, See Cestue. 

Cextrum P/ionicum^ in Acoustics, is ilic place where 
the speaker stands in polysyllabical and articulate echoes. 

Centhum P/ionocampitcumf is the place or objc*ci that 
returns the voice in an echo. 

CEPHEUS, a constellation of the northern hemisphere, 
being one of the 46 old a3>tcrisms. 'I'he Greeks fable tliut 
Cepheus WHS a king of Ethiopia, and the father of Andro¬ 
meda, the princess who was delivenxi up to be destroyed 
by a sea monster, from vvhicb slic wasix^scued by Perseus. 
The slurs of this constellation, in Ptolemy's catalogue, are 
13, in 'lychos 11, in Ilevelius's 31, and in the Britannic 
catalogue 33. 

CEIIBICEUS, one of the new constellations, formed by 
Hevelius out of the unformed stars, and added to the 48 
old astorisins. It contains only 4starH, which are enume¬ 
rated under McrcuU^s in the Britannic caiaK> 2 ue. 

CEIIES, or Vi Ay. 7 . If in Astronomy, a new primary 
planet interiiiediato b<*tween the <irbits of Mars aiul Jupi¬ 
ter, was discovered on the 1st of January 1601, by M. 
PiaEzi, astronomer royal ut Palermo in Sicily, who also 
gave it tliis name. 

M. Piazzi in a brief account he has published of the 
discovery of this planet states, that having been engaged 
for nine yeiirs in rectifying the positions of the stars as 
collected in the catalogues of various astronomers, he was 
searching on the first of January 1801, among many 
others, for the 87th in the catalogue of the aodiacal stars 
of the Abbt^ de la Caiilc, when he observed that this star 
was preceded by onothcr, which according to-his usual 
custom he wished to observe also ; especially as it did not 
interrupt tbc principal observation* Its light was some¬ 
what faint, and its colour resembled thut of Jupiter; but 
like .many others, which, in regard to their magnitude, are 
usually placed in the 8th class. At tliat time no doubt 
arose respecting the nature of it; but on llie evming 6f 
the 2d, having repeated his observations, and timling that 
they did not correspond cither in time or zenith distance^ 
he suspected that some error had been committed in his 
observations on the preceding day. He then began to en¬ 
tertain some idea that it might perhajis be a uew planet. 

In the evening of the 3d bis conjecture was confirmed,, 
and he assured himself it was notajixed star. Uo\\v\%r 
before he would speak of it, he waite<l* till the evening of 
the 4th, in which he ha<l the satisfaction of finding that 
it had moved according to the same laws which it hod olA 
served on the preceding days. At this lime the motion 
was retrograde ; but on the 10th of January it became di¬ 
rect. He continued to observe the planet till the 13th of 
February, when be was obliged by iHness to discontinue 
his observations. M. Piazzi then transmitted accounts of 
his obscrvAlions to several celebnitcil astronomers, in or-* 
dcr that they might culcutatc the orbit of tbb new plauct^ 
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nnd trace oul its progress in the heavens: bat it eluded 
every searcli llial "ns made tor it, until December 7th, 
when it was rc-discovored by the assiduous Dr. Zach of 
Saxe-Gotlia; and soon after it was observed by Dr. Gi¬ 
bers at Hreinen ; by Mechain, at Paris ; by the royal as- 
tronuim r at (ireenwich ; by Dr. Ilerschel, at Slough ; and 
by various other persons both in Kngland and Scotland. 

Elements of Us Tlumry according (o Durckhardu 
Inclination of orbit - - 0’ 10° 37 

Place of the ascending node - 2 21 b 

KpochoflSOl - - - 2 17 19 

Place of the aphelion • - 10 26 9 

Passagcoftlieaphclion Jan. 1, 1801 - 8 hours 

Dxccntiicity of orbit - • 00784i 

Mean distance - • ■ ^ 

’I'lnie of revolution ... - 4‘()06ycais. 

From the observations of Dr. Ilerschel it is probable 
that the diameter of this planet, is much loss than that of 
the moon ; it appeared under a disc of less than 2 . ^et, 
small as is this planet, M. Schrbetcr suspects it has two 
satellites. It has been o.vpccleil for nearly a century, that 
such a discovery as this of M. Piiizzi, would be made by 
some diligent astronomer. Mnclaurin, Lambert, Bode, 
Zach, Capcl LotTf, and others liavc supported the conjec¬ 
ture. And six astronomers assembled at Lilienthal, in 
Sqitembcr 1800, resolved to establish a society of 24 
practical astronomers, dispersed throughout diflercnl parts 
of Europe, for the e.xpress purpose of searching out this 
planet between Mars and Jupiter: they elected Schrbeter 
as their president, and Dr. Zach was chosen their secre¬ 
tary. Accordingly, the consequence lias been, that no 
less than four now planets have been discovered, all nearly 
agreeing in size, period, and situation; viz, the above one 
by Piazzi, one by Harding of Lilienthal, and two by Gi¬ 
bers of Bremen, all of which have received names of dif¬ 
ferent heathen divinities: but it may be remarked on this 
occasion, that it would be a more fit practice to call the 
several new planets lifter the names of their respective dis¬ 
coverers, as Herschcl, Piazzi, Gibers, &c. 

CE'TVS, the kVhale, a southern cotistcllalion, and one 
of the 48 old astcrisms. The Greeks pretend that it was 
the sea monster sent by Neptune to devour Andromeda, 
bulwaskilled by Perseus.—In the ncckof the whale is a re¬ 
markable star, Collo Ccii, which appears and disappears pe¬ 
riodically, or rather becomes brighter and fainter by turns, 
arising it is supposed from the alternate turnings of its 
bright and dark sides towards us, os it revolves upon its 
axis, or else from the fiatni'ss of its form. 'I'lic period of 
its changes is about 312 days, Bulliald in Phil. Trans, 
vol. 2, Hevelius, ibid. voj. 6, Herschcl, ibid.vol. 70, Ma- 
rald. in Mem. Acad. 1719* 

'I'he stars in the constellation Cctus, in Ptolemy’s cata¬ 
logue, arc 22, in Tycho's 21, in HcvcHus’s 45, and in the 
Britannic catalogue 97. 

CEULEN, or Keulej* (Ludolpii Vaw), a nolcd 
Dutch ])rufess'ur of mathematics, who fiourished in the 
latter part of the 16th century. Ludolph was sunuuned 
Van Ceulcn, because he was from Cologne, which is called 
Ceuten or Keulen in Dutch. He was author of several 
pieces, both in arithmetic and geometry, in the Dutch lan¬ 
guage, some of which were translated into Latin by Willc- 
brord Snell, as mentioned under his life. Ceulcn was 
chiefly rcinark/iblo for his approximation to the circum¬ 
ference of the circle, to 36 places of figured, which he or¬ 
dered to be engraved on his tombstone. 
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CHAIN, in Surveying, is a lineal measure, consisting 
of a certain number of iron links, usually 100; serving 
to take the dimensions of fields &c. 

At every 10th link is usually fastened a small brass 
plate, with a figure engraven upon it, or else cut into, dif¬ 
ferent shapes, to show how many links it is from one end 
of the chain. 

Chains arc of various kinds and lengths; as 

1. A chain of 100 feet long, each link one foot, is used 
for measuring of large distances only, when no regard i$ 
had to acres See, in the superficial content. 

2. A chain of one pole or 16 feet and a half in length ; 
is particularly useful in measuring and laying out gardens 
and orchards, or (he like, by the pole or rod-measure. 

3. A chain of 4 poles, or 66 feet, or 22 yards, in length, 
called Gunter’s chain, and is peculiarly adapted to the 
business of land-surveying, because 10 square chains just 
make an English acre of land; so that the dimensions be¬ 
ing taken in these chains, they are readily reduced to acres 
by dividing by JO, or barely cutting off the last figure from 
the square chains. But it is still belter in practice to pro- 
cced thus, viz, count the dimensions, not in chains, but all 
in links; thea the contents arc in equare links; and five 
figures being cut off for decimals, the rest arc acres; that 
is’four figures to bring the square links to square chains, 
and one more to bring the square chains to acres. 

In this chain, the links arc each 7 inches and or 
7*92 inches in length, which is very nearly | of a foot.. 
And hence any number of chains or links arceasily reduced 
to feet or inches, or the contrary: the best way of doing 
which is this: multiply the number of links by 66, then 
cut off two figures for rlccimals, and the rest are feet: or 
multiply links by 22 for yards, culling off two figures. 

Chain Rule, called also Rule rtf' Exchange, Rule qf Re- 
duction, and Rule qf Equation, is a mode of arbitration 
very useful in the higher operations of exchange, as well 
as in the arbitration of bullion, specie, and merchandise. 
Foreign merchants, itscems, arc very expert in their applica¬ 
tion of this rule to commercial compulations; and that it is, 
in a great inoiisurc, to this accomplishment that their ac¬ 
knowledged superiority in the practice of exchange may 
be attributed. See Arbitration, also Dr. Kelly’s 
Cambist. 

CHALDER, or CHALDRON, of Coals, an English dry 
measure of capacity consisting of 36 bushels heaped up. 

The chaldron of coals is accounted to wci"h about 28 
cwt. or 3136 pounds.—On ship-board, 21 chaldrons of 
coals are allowed to the score. 

By act of parliament, a Newcastle chaldron is to weigh 
52-J cwt, or 3 waggons of 17 J cwt. or 6 carts of cwt. 
each, making 52^ cwt to the chaldron. The statute Lon¬ 
don chaldron is to consist of 36 bushels heaped up, each 
bushel to contain a Winchester bushel and one quart, and 
to be I9i inches diameter externally. Now it has been 
found by repented trials that 15 London chaldrons are 
equal to 8 Newcastle chnldriins, which, reckoning 524 
cwt. to the latter, gives 28 cwt. to the foriuer, or 3l36lbs 
to the London chaldron. . , j 

This 1 find nearly confirmed by experiment I weighed 
one peck of coals, which amounted to 2l4lhs. Then 4 
times this givA 87lb for the weight of tl»c bushel; and 36 
times I’no bushel gives 3Id2lbs fof the chaldron; to which 
if the weight of the odd quart be added, or 3lb nenriji', 
it gives dl35lb for the weight of the chaldron, which u 
only 1 pound short of .that by statute. 
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. CHAMBER of a lilortar^ or Connony Is a coll or cavity 
at tbc bottom of the boro, to receive tljc charge uf powder 
It is not fouud by experience chat chambers have any 
sensible efl'ect on the velocity of the shot, unless in the 
largest ordnance, as mortars or very large cannon. Nei- 
ihoj is it fijund that (he form of them is very material ; a 
Sinai) cylinder is as good as any; thoui^h mathematical 
speculations ma) show a preference of one form over ano- 
tiu r. But in practice, the chief point to be observed, is 
to have the chamber of a si2c just to contain the charge 
of powder, and no more, that the ball may he close to the 
charge; and that its entrance may point exactly to the 
centre of the ball. 

CIIA^IBEKS (Ethraim), author of the dictionary 
of sciences called the Cyclopedia. He was born at Mil- 
ton, in the county of Westmoreland, where he received 
the common education for qualifying a youth for trade 
and commerce. When at a proper age, he was appren* 
ticed to Mr. Sencx the globc^makor, a business which is 
connected with literature, especially with geography and 
astronomy. It svas during Mr. Chambers’s residence wiib 
this skilful artist, that he acquired that taste for literature 
which accompanied him through life, and directed all his 
pursuits. At this lime, be formed the design of his grand 
work, tlie Cyclopaedia; some of tbc first articles of which 
wore written behind the counter. To have leisure to pur¬ 
sue this work, he quitted Mr. Senex, and look chambers 
at Gray^s Inn, where he chiefly resided during the rest of 
his life. The first edition of the Cyclopaedia, which was 
the result of many years intense application, appeared in 
1728, in 2 vols folio. The reputation that Mr. Chnmbers 
acquired by the execution of this work, procured him 
the honour of being elected f. r. s. Nov. 6'. 1729. In 
less than ten years time, a second edition became neces¬ 
sary; w hich accordingly was printed, with corrections and 
additions, in 1738; and this was followed by a third edi¬ 
tion the very next year. 

Though the Cyclopa'dia was the chief business of Mr. 
Chambers’s life, and may be regarded as almost the sole 
foundation of his fame, his attention was not wholly con¬ 
fined to this undertaking. He was concerned in a perio¬ 
dical publication called The Literary Magazine,which was 
begun in 1735. Iii this work he wrote a variety of articles; 
pariicularly a review of Morgan’s Moral Philosopher. 
He was also concerned with Mr. John Martyn, professor 
of botany at Cambridge, in preparing for the press a trans- 
Jation and abridgment of the Philosophical History and 
Memoirs of the Royal Academy of Sciences at Paris; 
which work was not p^bliBbed till 1742, some time after 
our author's decease, in 5 volumes 8vo. Mr. Chambers 
was also author of the translation of the Jesuit’s Perspec- 
.rive, from the French, in 4to; which has gone through 
several editions. He was also joint editor, with Dr. Shaw, 
of a translation of Boerhaave's Institutiones Chomi®, un- 
der the title of A New Method of Chcmisliy; including 
u Practice of that Art, &c, published jointly 

y r* bhaw, m. b. and E.Chambcrs, gent, with additional 
notes and sculptures, Lond. 4to, 1727; and it afterwards 
went through several editions, with augmentations. Mr. 
pi ibc editor of the Abridgment of Lr>rd Bacon's 

Philosophical Works, in 3 vols 4to, 1739; and of those 
01 Mr. Boyle, 3 vols 4to, 1725. Besides which, he was 
? Chemical Lectures, read in London in 1731 
”, , *J Scarborough 1733, forjbe improvement of 

arts, trades, and'natural philosophy, 8vo, 2d edit. 1725, 
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Subsequent to which, he published Ess-ays for the im¬ 
provement of arts, iiiaiiufactures, .ind commerce, by meaas 
of chemistry, 2d e<lit. improved by P. Shaw, fellow of the 
rollegc ol physicians, and pli)sician in ordinary to his 
maji*^ty. 

ftir. Cbambcr^s cIum* iind unremitting attention to his 
studies at length impaired his Ijealih. and olltged him oc¬ 
casionally to take a couiiiry lodgin^:, Imt without much 
benefit; he afterwards visited the south of France, but 
still with little effect; he therefore returned to tngland. 
where he soon after died, at Islington, May Ij, 1/40. and 
was buried in Westminster Abbey. 

After our author’s death, two more editions of his Cy¬ 
clopedia were published. The proprietors alterwards pro¬ 
cured a supplement to be compiled, by Mr. Scott and l)i. 
Hill, whicli extended to two volumes more; and tlic whole 
has since been reduced into onealpliabet in 4 volumes, by 
l)r. Rees, forming a very valuable body of the sciences. 
And the same is now extending in a new edition, in 4to, 
under tlie title of Kncyclop;edia. 

CIlAiMBUANLE, the border, frame, or ornament of 
stone or wood, surrounding the three sides of iloors, win¬ 
dows, and chimneys. This is diflerent in the different or¬ 
ders: when it is plain, and without mouldnij-s, it is called 
simply and properly, band, case, or/ratne. I n an ordinary 
door, it is commonly termed door-case; in a window, the 
ivindow/rame. 

The chambranle consists of three parts; the two sides, 
called ascendants; and the top, called the traverse or su- 
percilium. 

CHAMFKH, or Ciiamferet, an ornament, in archi- 
Icctua-, consisting of half a scotia ; being a kind of small 
furrow or gutter on a column. 

CHAMFhlUNG, is used for cutting the edge or the 
end of any thing bevel, or aslope. 

CHANCE, the Doctrine and Laics qf, are the same as 
those of Expectation, or Probability, &c; v\hich see. 
Chances, in play, consist of the number of ways by which 
events may happen. . Thus, if a halfpenny, or other piece 
of money, be tossed up, there ore two events, or chances, 
or sides that may turn up, namely, one chaticc for turning 
up a head, and one for the contrary ; that is, it is an cqiiaT 
chance to throw a head or not. And in throwing a com¬ 
mon die, which has 6 faces, there arc in all 6 chances, 
that is one chance for throwing an ucc or any other single 
point, and 5 chances against it; or it is 5 to I that such 
assigned point does not conic up. 

The term chance is applied to eveiHs, to denote that they 
hapja-n without any necessary, foreknown, or intendiim 
cause; or it is used to denote the bare possibility of an 
event when nothing is known cither to prevent or hinder 
It: thus, when we say a thing happens by chance, we 
really mean no more than that its cause is unknown to 
us ; not, as some vainly imagine, that chance itself can bo 
tfic cause of any thing. 

Doctrine ob Chances, History qf. This subject, 
wnicb IS no less useful than curious, docs not appear to 
have engaged the atlcntion of fuathematiciuns in former 
times so much as its (mporlancc acquired. Until the be¬ 
ginning of the host century little is to be found in any of 
their writings concerning this subject. Of the few nr^ 
blems which they hud been accustomed to investioute 
they withheld the solutions both from the public and from 
each other j and they seem to have considered the doc¬ 
trine of chances rather as an exercise fur their ingenuity^ 



C H A 


r 11 A 


C 304 ] 


tliiin cnpikbU- nf boino upplic«l to any useful purpose. 
Bflore Mr. Huya<?n5 published his book De Ratiociniis 
11) l.iido AKx-, no person had treated the subject irn-tho- 
(lically ; and, with the cNCiption of Messrs. Pascal and 
I'. rinat, wlio hiul solved a few problems of no great im¬ 
portance or ililliculty, he appears to have been the first 
whet attempted either to give rules for tlic solutions of any 
tjiiestion, or to lay down the principles from uhich those 
solutions might be deduced. To this work succeeded a 
small anonymous tract, On the I..aws of Chance, which 
was published in London in lGy2, and a French publica¬ 
tion of not much larger size, entitled L’Analyse des Jeux 
de Hazard, written by M. Monmort, and published in the 
year 1708. In this latter work, the author liaving chiefly 
insisted on llie same mode of reasoning with Huygens, in 
the solution of his problems, Mr. Demoivre (who consi¬ 
dered such reasoning as neither genuine nor natural) was 
induced m his celebrated work on the Doctrine of Chances 
(which was first published in I717)» to adopt a plainer 
and less exceptionable motlc, in which he. has proceeded 
from the most simple to the most complicated eases; so 
that by the variety of his problems, as well as by the Im¬ 
provements and additions wliich he made in two suhsc- 
ijuent editions, he had rendered his wtirk one ol the best 
aiul most copious that has ever been written on the sub¬ 
ject. In the year 1740, .Mr. Thomas Simpson published 
a small treatise on The Nature and I..aws of Chance, 
which, like his other publications, is not only clear and 
coticise, but contains some problems, whose solutions had 
either never been attempted, or at least never before com¬ 
municated to the public. Prior however to the two last- 
mentioned publications, a posthumous work of Mr. James 
Bernoulli was published in the year 1713, entitled DcArtc 
Conjectandi, containing an explanation of Huygens’s tract, 
and the solution of a great variety of other problems, de¬ 
duced from the general principles of combination. The 
second part of this valuable work has lately been trans¬ 
lated into KnglisI) by Mr. Baron Moscres, with notes and 
commentaries. In the year 1765, and at other times, M. 
Dalembert, in his Opuscules &c, wrote difTorenl essays 
on the doctrine of chances; and hot long ago M. Cun- 
dorcct published a small treatise on the same subject. In 
addition to these, which arc the principal publications on 
the subject, may be noticed a small tract, De Mensura 
Surtis, given by Demoivre in his Miscellanea Analytico, 
and some other pajicrs written by him, by Messrs. Ber¬ 
noulli, Kuler, and others, in the Acts of Lcipsic, the Jour- 
nul des Scavans, the Philosophical Transactions, &c, 
among which may be (larticularly mentioned an F^say on 
the ^icthod of calculating the exact Probability of all 
Conclusions founded on Induction, and a Supplement to 
that Essay; the one preserved from the papers of the late 
Rev. Mr. Bayes, and communicated with an appendix, by 
Dr. Price, to .the Royal Society in the year 1762; the 
other chiefly written by Dr. Price, and communicated'ii; 
the following year. These tracts contain the investigation 
of a problem, the converse of which had formerly excr^ 
cised the ingenuity of Bernoulli, Demoivre, and Simeson. 
Indeed both the problem and its converse may justly be 
considered not only as the most diflicult, but as tHc most 
important that can be proposed on the subject ;-b&ving 
(as Dr. Price well observes) *‘no less an object m view 
than to show what reason we have fur believing that there 
arc in the constitution of things, fixed laws, according to 
which events happen; and that therefore, the frafitc of 


the world must be the effect of the wisdom and power of 
an intelligent cause; and thus to confirm the argument 
taken from final causes for the existence of the Deity."— 
Ref.s. 

For the doctrine itself consult Demoivre, T. Simpson, 
and a work on the same subject l.itcly published by the . 
celebrated Laplace. See also Credibiuty, Gasiing, 
Expectation, and Probadility. 

CHANDELIERS, in Fortification, a kind of wooden 
parapet, consisting of upright timbers supporting others 
laid across the tops of them, 6 feet high, and fortified with 
fascines, &c. They ore used to cover the workmen in ap¬ 
proaches, galleries, and mines. And they differ from 
blinds only in this, that the former serve to cover the men 
before, and the latter over head. 

CHANGES, the pcrmuUtions or variations of any num¬ 
ber of things, with regard to their position, order, &c; 
as how many changes may be rung on any number of 
bells, or how many tlifferent ways any pumber of persons 
may be placed, or how many several variations may be 
made of any number of Icncrs, or any oibcr things pro¬ 
posed to be varied. 

Tojindovl such nnvibers qf changes, multiply continu- 
ally together all the terms in n series of arithmetical pro- 
<T0S8ion, whose first term and common difference are each 
unity or 1, and the last term the number of thinp pro¬ 
posed to be varied, thus + &c, till the 

last number be the proposed number of things. For let 
there be two things ns a and b. Then since they may be 
placed either thus ab or 5o, it is obvious that the number 
of changes is 1 x 2 or 2. If three things, as a, b, c be 
supposed; they will admit of 6 variations as in 
the margin; for each of the three may be com¬ 
bined three diffcvenl ways with each combina¬ 
tion of the other two; thus c may be first 
combined with be and then with cb, and hence 
the number of changes arises, viz, 1 x 2 x 

3 =s 6. 

And if there be 4 things, each of them may be combined 

4 ways with each combination of the other three, that is 
4 times 6 ways, orl x2x3x4=24 ways. 

In like manner, the combinations 
of 5 things are Ix2x3x4.x5 =120 
of 6 things arc Ix2x3>‘4x5 *6 =720 
&c. 

So tbal if it proposed to assign how many differeni 
wnys a company of () persons may bo placed, at table for 
instance, the answer will be 720 ways. Also the number 
of changes that can be rung on 7 bells, isl x2*3** 
K 5 X 6 K 7 or 720 X 7 = 5040, 

CHAPITERS, the crowns or upper parts of a pular or 

column« 

CHAPPE (Jean d^Aoteroche), a French astrono¬ 
mer, was born at Mauri&c, in Auvergne, March 2, l728e 
A taste for drawing and mathematics appeared m him at 
a very early period j and he owed to Uom* Germain a 
knowledge of the 6rst elements of maihoroatics and ^Rro- 
nomy. M. Cassini, after assuring himself of genius oi 
this young man, undertook the cultivation of it* He em¬ 
ployed him on the map of France, and thejranilation ol 
Halley's tables, to which he made considerable addiuom* 
The king charged him in 1753 with drawing the plan of 
the county of Bitcjhe, in Lcnainc, all the elemenU ot 
which he determined geographically* He occupied hini- 
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self greatly with the two comets of 17CO; and the fruit of 
his labour was his Elementary treatise on the llieory of 
those comets, enriched with observations on the zodiacal 
light, and on the aurora borealis. Soon after he went to 
Tobolsk, ill Siberia, to observe the transit of Venus over 
the sun; a journey which gtvally impaired his health. 
After two years absence he reiurncd to France in 17G3, 
wluTc he occupied liimscif for some time in arranging the 
great number of observations he had then made. Mr. 
(*happe also went to observe the next transit of Wnus, viz, 
that of 1769* at California, on the west side of North 
America, where he died of an epidemic disease, the 1st of 
Augu^^t 1769. He had been named atljunct astronomer 
to the Academy the 17tli of January 1759. 

The published works of M; Chappe, are, 

1. The Astronomical'Iablcs of Dr. Halley; with ob¬ 
servations an<l additions: in Svo, I734-. 

2. Voyage to California to observe I lie transit of Wiius 
over the sun, June 3, 1/69: in 4to, 1772. 

3. He had a considerable number of papers inserted in 
the Memoirs of the Academy, for the years 1760, 1761, 
17G4, 1765, 17G6, I7G7, and 1768; chiefly relating to 
astronomical matters. 

CHAPTKEL, the same with Impost. 

CHAKAC#EIUSTIC, ^ a Logar/tAm, the same as In^ 
dex, or Exponent. This tenn was first used by Briggs in 
the 4th section of his Arithmetica lyOgarithmica, where he 
treats particularly of it; meaning by it, the integral or 
first part of a logarithm towards the left hand, which ex¬ 
presses 1 less than the integer places or figures in the num¬ 
ber answering to that logarithm, or how far the first figure 
of this number Is removed from the place of units; namely, 
Jjj^bat 0 is the characteristic of all numbers from 1 to 10 ; 
"andil the characteristic of all those from 10 to 100; and 2 
the characteristic of all those from 100 to 1000; and so on 

CflAKACl'ERS, arc certain marks used by astrono¬ 
mers, mathematicians, &c, to denote certain things, whe¬ 
ther for the sake of brevity, or perspicuity, in their ope¬ 
rations, 

1. AsraoKOMicAL Cii akacters. 

^rke iwflre Signs or Cbnr/c//a- 
(ions <if the Zodiac. 

Aries, the Ram 
b Taurus, the Bull 
n Gemini, the Twins 
a Cancer, the Crab 
SI Ijeot the Uon 
Virgo, the Maid 
db Libra, the Balance 
^ »Tl Scorpio, the Scorpion 
/ Sagittary, the Archer 
^ Capricorn, the Goat 

Aquarius, the Water-bearer 
K Pisces, the Fishes. 

The Atpeettf 7V«c, Moiion» tfc, 

i Conjunction ^ Degrees 

g C)ppo$itioa ' Minutes or Primes 

* Sextilc " Seconds, &c. 

O s A. M. Ante mcrid. or m. morn* 

A Trine Post mcrid« or a. aftern* 

. h, m, 8, Hours, min. sec. 

2. MATiiEMATrcAL ifc. Characteiis. 

Numerical Characters used by different Nations. 

The most common numerical characters, arc those , 
VuL. L 


Plan^U^ ifc. 

O The Sun 
JL The Moon • 
^The Pyarth 
g Mercury 
J Venus 
ff Mars 
% Jupiter 
“h Saturn 

^ Herschel, or the 
Georgian Planet 
Q Ascending Node 
O Dcsceuclmg Node 


called Arabic or Incliun, \iz, 1, 2, 3, 4, 5. C, 7, S, p, 
with 0 for ciplicr or notlung. 

*riie Roman nurti<*iril character^ urc beven, viz. i oiir, 
V five, X ten, i. fifty, c h htjndn J, d or i> five hundrcii, 
M or DG or ci.> a Ihousmd. Oilur combinations arc 
in the following synoj)bJ 5 of the ll"ijian Koiution 

1 = I 

2 ^ 11 : As often as any character is repeat'd, 

3 = III so many ttnjvb Hs value is repeated. 

4 ^ HI I. or IV : A less chai.ictcr before a greater 

5 ^ V diminibhe^ its valui*. 

0 = VI ; \ less chamcicr after a greater increases 
7 = VII its valine. 

S = vm 
9 = IX 
10 s= X 
50 = I. 

100 = c 

500 ^ D or ID: For every 0 added, iliis becomes 

10 times as many. 

1000 = M or ciD ; For eveiy c and d, set one at each 
2000 = SIM end, it becomes 10 times as much. 

5000 ^ iDD or V: A line over any number increases 

Good “t looo fold, 

10000 = X or cciDD 
50000 =: lODD 

60000 =S LX or CCCIDD3 

100000 = c or ccciDOD 

1000000 = M or cccciODDD 

2000000 = 5 - MM, 

Greet Numerals. 

The Greeks had three ways of expressing numbers. 
First, For every single letter, according to its place in the 
alphabet, was denoted a number from a I to ee 24; in 
which manner the books of Homer’s Ilias arc distinguish¬ 
ed. Secondly, Another way was by dividing the alphabet 
into (Is/) 8 units, a 1, ^ 2, &c; (2nJ) 8 tens, 1 10, x 20, 
&c: (3d) 8 hundreds, f 100, 0 * 200, &c: and thousands, 
they expressed by a point or accent under a letter, as a 
1000, § 2000, Sec. Thirdly, By six capital letters, thus, 

1 (i« for pta) I, IT (irsm) 5, A (fexa) JO, H {Hixarev) 
100, X (xtAia) 1000, M {p.iua) 10000: and when the let¬ 
ter n inclosed any of these, except 1, it showed that (he 

ijKlosed Ict^ was 5 times its own value, as \K\ 50, |H| 500, 

|X| 5000, IM| 50000. 

Hebrew NUtnerals. 

Hebrew alphabet was divided into nine units as 
H 1, n 2, &c; nine tens, as * 10, d 20; nine hundreds, os 

p 100 , 1 200 , Ace, T 500, D Goo, \ 700, 800 , y 900 . 

Thousands verc sometimes expressed by the units prefixed 
to hundreds,! as lVii^J534, &c. and even to tens, as 

PH 1070 , Ace. Bu^more co'himonly thousands were ex¬ 
pressed by the word 1000, ^ 60 ; and 

“ • I • V •« • I 

with the other numerals prefixed to signify (he number of 
tboi^nds, as S'dVkj 3000, fee. 

• I ^ * 

Ckaracl(T$ tued in Arithmetic and Algebra. 

^ The first letters of the olphubct, a, b, c, dec, denote 
given quantities; and the last letlerr, a,>, x, &c, represent 
such as arc unknown or sought, Stifelius first used the 
capitals a, b, c, &c, for the unknown or required quan¬ 
tities After that, Vieta employed tho capital vowels a 
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i', for (lic unknown or r4.<|uirr(l (juantitirs, and 
Fniils H, i), \v, for known or given numbers. 
^111 nil'll \ ii I;!’*. L':i|n(<ils int<* the small letters, r iz, 
II, tor iiiiktiov\ n, and 0 , c, d, &c, lor known quaii- 
'\n(l Hi'scurto cliaiisjed Harriot's vowels tor the 
f Iters z, y, j, <SiC, and the consonants tor tlie leading 
ftteis, II, li, <•, tl, (.^c. 

^ Nr w ton denotes llie several orders of fluxions of variable 
(juantities by as m;»ny points over the latter letters ; as, of 
x.y, z; as i,y, z uie the Kt fluNion.-, 
i, y, z are tlx- 2il Huxions, 

^,y, s are tlieOd lluxions. 

And I.eibnit2 denotes the ditierenti.ils of the same quanti¬ 
ties by J'refixing tl to each of lln io, tlius dx, dy, dz. 

Powers of quantities aie di'noie<l by placing the index 
or exponi nt after lliein, iow.nr<ls the upper part; thus 
is the ?d power, tr tin thud power, ajid the n power of 
fl. Diojrhantus niaiked the powers by their initials, thus 
J*, X’, cV, xx’. Arc, for rlynainis, cubus, ilyiiamody- 
iiainis, Ac, or the 'Jd, Jd, 4tli, &c, powers; and the same 
method lias iieeti practi-'cd by’ several ot the early writers, 
since the introduction of algebra into Purope: but tbe 
first of them, as Paciolus, Cardan, Ac, used no mark for 
powers, but the words themselves. Stilei, ami others about 
his time, used (he initials or abbreviations 5< Cti 55> 
Ac, of res or coss, zciizus, cubus, zenzizenzus, Ac, barba¬ 
rous corruptions of the llaliuu cosa, census, cubo, censi- 
census, Ac. Uut he used also numeral exponents, both po¬ 
sitive and negative, to the general characters or routs a, 
fl, c, Ac. Bombelli made use of a half circle thus w as 
Q general character for the unknown or quantity required 
to be found in any question, and the several powers nf it 
he denoted by figures sot ebovd it; thus si.., si., arc 
the 1st, 2il, 3d powers of ; which powers he called dig¬ 
nities. Stuvinus used a whole circle for the same unknown 
quantity, with the numeral index within it, and that both 
integral and fractional; thus @,arc theO, 1, 

2, 3 powers of the general quantity O; ”1*0 (B* 

he use's as the square mot, cube root, 4tb root of the same; 
and 0, the cube root of the square, 
and 0, the square root of the cube, and so on. 

And these fmciioiial exponents wore adopted and farther 
practised by his commenUitor Albert Girard. So that 
Stevinus ought to be ostcemod the first person who render¬ 
ed general the notation of all powers and roots in the same 
way, the former by integral, and the latter by fractional 
exponents. Harriot denoted his powers by a repetition of 
the letters; thus a, aa, aati, &c. And Descartes, instead 
of this, set the numeral index at the upper part of the let¬ 
ters, as at present, thus a, a^, o’, &c; though, I am in¬ 
formed, by such os have seen Harriot’s posthumous papers, 
that he also there makes use of exponents. ' ' 

The'character \/ is the sign of ^icality, or of a root, 
being derived from the initial n.or which was used at 
first by Paciolus^ Cardan, &c. Thn character I find 
first used by Stifel, in 1544, and by Robert Rccordc in 
1557. The bare character denotes the square root only; 
hut at first they prefixed the initial of the name after it, to 
denote the several roots: as the quadrate or square 
root, y^c the cube root, &c. But the numeral indices of 
the root were prefixed by Albert Girard, exactly the same 
as they are used at present, viz, V» V» 2d, 3(1, ot 

4th root; 

The character -*• rcprescuts addition, and a positive 


quantity. At first the word itself was used, plus, piu,of 
ibi- initial bv Paciolus. Canlaii, Tartalea, &c. And tbe 


cliaracter -+• lur audition occurs in Slifelius. 

— jb tlie character of biibtraction, and denotes also a 
iieg.ilive quantity; whitli also first occurs in the same au- 
tboi Stifelitis. Before that, tlie word minus, mene, or the 
initial m. was used. Other characters have also brai 
sometimes used by other authors, for addition and subtrac¬ 
tion ; but they are now obsolete. 

X is the character of multiplication, and was intro¬ 
duced by Otighlred. 

representing division, was introduced by Dr. Pell. 


Diviiion is also denoted like a fraction, thus of j = 2. 


= denotes equality, and was used by Uulcrt Recorde. 
Descartes employs » for the same purpose. 

Tlie character : : for proportionality, or equality of ra¬ 
tios, was introduced by Oughtred; as was also the mark 
continued proportion. 

> for greater, and < for less, were used by Hatriol. 
And “D and -J were used by Oiiglitred for the same pur¬ 
poses. 

Dr. Poll used ^ for involution, and Iw for evolution. 
tn denotes a general difi'erciice between any two quan* 
titles, and was used by Dr. Wallis, _ 

The Pareniliesis ( ), as a vinculum, was invented by 

Albert (orani, and und in such expressions as these, 
^(72-1-^/5120), ami B (n<i-t-cj), both for univen,al 
roots, and n>ulti[>lication, Ac. 

, was used by Victa 


The straight-lined vinculum. 




for the same purpose ; thus a — B in b -»• c. 

Characters in Geometry and Trigonometry. 

O A Square ^ Ati Angle 

A A Triangle ■ ' l- A Right angle 

r~) A Rectangle _L Perpendicular 

O or O A Circle (I Parallel. 

CHARGE, in Electricity, in a strict sense, imports the 
accumulation of the electric matter on one surface of an 
electric, as the Leyden phial, a pane of glass, Ac, while an 
equal quantity passes off from the opposite surface. Or, 
more generally, electrics arc said to be charged, when the 
equilibrium of the electric matter on the opposite surface 
is devtroyed, by communicating one kind ol electricity on 
one side, and the contrary kind to the opposite side: n« 
can the equilibrium be restored till a comrounicatiflO'w 
made by means of conducting substances between the two 
opposite surfaccts: and when this is done, the electric is 
said to be discharged. The charge properly refers to one 
side, in contradistinction from the other; since the whole 
quantity in the electric is the same before and after the 
process of charging; and the operation cannot succeed, 
unless what is gained on one side Is lost by the other, by 
means of conductors applied to it, and communicating ci-. 
thcr with the earth, or with a sufficient number of non- 
electrics. .To facilitate the communication of electricity 
to an electric plate, Ac, the opposite surfaces are coated 
with some conducting substance, usually with tin-foil, 
within some distance of the edge; in consequence of which 
the electricity communicated to one part of the coating is 
readily diffused through all parts of t^»e surface of the cleo 
tric in contact with it; and a discharge is easily made by 
forming a communication with any conductor from one 
coating to the other. If the opposite coatings approach 
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too near each other, the eloctric matter foreft a passage 
from one surface to tlie other before the charge is com¬ 
plete. And "lOine kimU of hare the property of con¬ 
ducting the electricity over the surface, so that they are 
altogether unfit for the opiraiion of charging and dis¬ 
charging. If indeed tl:e cliarg,- be too high, and the glass 
plate or phial too thin, the atiiaction between the two op¬ 
posite electricities forcesupa'-sage through tlieglass,making 
a spontaneous discharge, and the gla'-s becomes unfit for 
fartlier use. See Co.sductous, Ellctrics, Leydev 
PlIlA L, &c. 

Charge, in Gunnery, the load of a piece of or<lnance, 
or the quantityof powder and ball, or shot, with which it 
is prepared for execution. 

1 he charge of po.wilor, for proving guns, is equal to the 
weight of the ball; but for service, it is f or J the weight 
of the ball, or still less; and indeed in most cases of service, 
the quantity of powder u^ed is too great for the intended 
execution. In the British tjavy, the allowance for 32- 
pounders is but of the weight of the ball. For it is pro¬ 
bable that, if the powder in all ship puns was reduced to 
j the weight of the ball, or even less, it would be a con¬ 
siderable advantage, not only by saving ammunition, 
but by keeping the guns cooler an'd quieter, and at the 
same lime more cITectually injuring the vessels of the 
enemy. With the present allowance of powder, the guns 
arc heated, and their tackle and furnitarc strained; and 
all this only to render the ball less efficacious for a ball 
which can but just pass through a piece of timbci*, and in 
tbo passage loses almost all its motion, is found to rend 
and fracture it much more, than when it passes through 
■with considerable velocity. See Robins's Tracts, vol. 1, 
pa. 290, 291; and my own Tracts, vols. 2 and 3. 

Again, the same author observes, that the charge is not 
to be determined by the greatest velocity that may be pro¬ 
duced ; but that it should be such a quantity of powder as 
will produce the least velocity necessary for the purpose 
in view; and if the windage be moderate, no field-piece 
should ever be loaded with more than or at the utmost 
yof the weight of its ball in powder; nor should the charge 
of any battering piece c.xceed i of the weight of its bullet. 
Ib. pa.2C6. 

Different charges of powder, with the same weight of 
pt^o^uce different velocities in the ball, which arc in 
tHofUbduplicate ratio of the weights of powder; and when 
tli?'weight of powder is the same, and the ball varied, the 
velocity produced is in the reciprocal subduplicate ratio 
of the weight of the ball: which is agreeable botli to theory 
and practice. See roy.paper on Gunpowder in the Philos. 
Trans. 177^, pa. 50; and my Tracis, vols. 2 and 3. 

But this is on a supposition that the gun is of an inde¬ 
finite length; whereas, on account of the limited length of 
guns, there is some variation from this law in practice, as 
«cU as in theory; iti consequence of which it appears that 
the velocity of the ball increases with the charge only to a 
certain point, which is jicculiUr to each gun, where the 
velocity is the greatest; and thnt by farther increasing the 
charge, the velocity gradually diminishes, till the bore is 
ouite full of powder. By an e.asy fluxionary process it is 
found that, calling the length of the bore of the gun 5, the 
length of the charge producing the greatest velocity, ought 

aTieasTsaa’ about J of ilic length of the bore; 
where 2718281828 is the number whose hyp. log. is 1. 
but, for several reasons, inpraclice the length of the charge 
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producing tl»e greatest velocity, falls short of that above 
an<l tla* n)ore so hk thv guii is l<)nj»t*r. Froni 
many in pen meats I haNc f.iiirul the length of "the charge 
])roducing the grealc-at Ncl<jcity, in gnnsof various lengths 
of bore, from J 5 to 40 calibei-s, as lollous : ® 

l^nph of Bore LeiiCth of Charge 

in C«liher9. “ 

15 
20 


30 

40 


ior greatest Vcloc. 

A 

TT 


'ITT. 


CHARLES’S WAIN, a name by which some of the as¬ 
tronomical writers, in our own language, have called Ur¬ 
sa Major, or tlie great boar; though some writers s.ny the 
lesser bear. Indeed both of the two bears have been called 
waggons or wains, and by the Latins, who have followed 
the .Arabians, two biers, Feretrum majus ct minus. 

CM ART, or Sea-Chart, a liydrographicul or sea map, 
for the use of navigators; being a projection of some part 
ol the sea in piano, showing the sea coasts, rocks, sands, 
bearings,&C. Fournier ascribes the invention of sea-ebarta 
to Henry son of John king of Portugal. These charts are 
of various kinds, the Plain chart, Mercator’s or Wright’s 
chart, the Globular chart, &c. ** 

In the construction of charts, great care should be ta¬ 
ken that the several parts of them preserve their position 
to one another, in the same order us on the earth; and 
it is probable that the finding out of proper methods to 
do this, gave rise to the various modes of projection. 

There are many ways of constructing maps and charts ; 
hut they depend chiefly on two principles. First, by con¬ 
sidering the earth as ajarge extended flat surface; and the 
charts made on this supposition are usually called Plain 
Chans. Secondly, by considering fhe earth as a sphere; 
and the churls constructed on this principle are sometimes 
called Globular Charts, or Mercator’s Charts, or Reduced 
Charts, or Projected Charts. 

Wrtm Charts have the meridians, as well as the paral¬ 
lels of latitude, drawn parallel to each other, and the de¬ 
grees of longitude and latitude every where equal to those 
at the equator. And therefore such charts must be dc- 
ficieiil in several respects. For, 1st, Since in reality all 
the meridians meet in the poles, it is absurd to represent 
tl»cm, especially in large charts, by parallel right lines. 
2dly, As plain charts show the degrees of the several pa¬ 
rallels as equal to those of the equator, therefore the di¬ 
stance of places lying east and west, must be represented 
much larger than they really are. And 3dly, In a plain 
chart, while the same rliuinb is kept, the vessel appears to 
sail on a great circle, which is not the case. Yet plain 
charts mailc for a small c.\ient, as a few degrees in length 
and breadth, may be tolerably exact, especially for any 
pan within the torrid zone; and even a plain chart made for 
the whole of t^s zone will differ but little from the truth. 

MactUora Charts like the plain charts, has the rocri- 
dmns reprcwi.ied by parallel right lines, and the degrees 
of the pHrallols or lo?)giiude, every where equal to those 
at the eijUBtor; so that they arc increased more and more, 
abo^p their natural size, as they approach towards the pole; 
but then the degrees of the meridians, or of latitude, arc 
increased in the same proportion at the same part; so that 
the same proportion is preserved between them as on the 
globe Itself. This chart has its name from that of the au¬ 
thor, Girard Mercator, who first proposc-I it for use in the 
year 1556, and made the first charts of this kind ; though 

2R2 * 
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they were iiol altogcihci <>ii true or exact principles, nor 
liocs it appear that he perfectly understood ihcna. Nei¬ 
ther incieed was the thought originally his own, viz, of 
longlhcmtii’ the <legrois of the meridian in some propor¬ 
tion, for tills was hiiiteil by Ptolemy near two thousand 
years a<’o. It was ijot perfected however till Mr. Wright first 
(leinonstralod the same about the year J5.QO, ami showed 
a ready way of constructing this cliarl, by enlarging the 
meridian line by the continual addition of the secants. Sec 
his Correction of Errors in Navigation, published in I5y9. 

(ihbulnr Chart, is a piojection so called from tlic con¬ 
formity it bears to the globe itself; and was proposed by 
Messrs. Sonex, Wilson, ami Harris. 'I his is a meridional 
projection, in which the parallels are equidistant circles, 
having the pole for their common centre, and the meri¬ 
dians curvilinear and incHiieil, so as all to meet in the pole, 
or common centre of the parallels. IJy which means the 
several parts of the earth have their proper proportion of 
magnitude, distance, and situation, nearly the same as on 
the globe itself; wliicli renders it a good method for geo¬ 
graphical maps. 

Sdcno'^ruphic Charts, arc particular descriptions of the 
appearances, spots, and tnaculx of the moon. 

Topographic C/i«r/5, are draughts of some small parts 
only of the earth, or of some particular place, without re¬ 
gard to its relative situation, ns Loudon, York, &c. 

For the Construction of Charts, see Geography, 
Maps, Projection, &c. 

CHASE, of ft Gun, is its bote or cylinder. 

CHAULNES (The Duke ue), a peer of France, re¬ 
markable as an astronomer and mathematician, was 
born at Paris, Dec. 30, iTW.—At pn early period he dis¬ 
covered a singular taste and genius for the sciences; and 
in the tumults of armies and camps, he cultivated mathe- 
tnalics, astronomy, mechanics, &c. He was named hono¬ 
rary academician the 27th of February 17-W, and few 
tneinbcrs were more punctual in attending the meetings of 
that body; where he often brought different constructions 
and corrections of instruments of astronomy, of dioptrics, 
and achromatic telescopes. These researches were followed 
with a new parallactic machine, more solid and convenient 
than those that were in use; together with many reflec¬ 
tions on the manner of ap|>lying the micrometer to those 
telescopes, and of measuring exactly the value of the parts 
of that instrument. The Duke of Chatlines proposed many 
other works of the same kind, when death surprised him 

the 23d Sept. 1769. 

He had several papers published in the volumes of Me¬ 
moirs of the Academy of Sciences, as follow: 

1. Observations on some Experiments in the 4tb part 
of tho 2d book of Newton’s Optics: an. 1755.—2. Ob¬ 
servations on the Platform fordividingmathematical instru¬ 
ments: 1765.—3. Determination of the distance of Arc- 
turus from the sun’s limb, at the summer solstice: 1765. 
—*4. On some means of perfecting astronomical instru¬ 
ments : 1765.—5. On some e.xpcrimcnts relative to diop¬ 
trics : 1767.—6. The art of dividing mathematical instru¬ 
ments : 1768—7. Observations on the Transit of Venus, 
June 3, 1769*~8* New method of dividing ioatl\cmatic'ai 
and astronomical instruments. 

CHAUSE TRAPPES, or Caltrops, or Crowsfeet, are 
iron instruments of spikes about 4 inches long, made like 
a star, in such a manner that whichcV'cr way (hey fall, one 
point stands always upwards, like a nail. They are usu¬ 
ally thrown and scattered into moats and breaches^ to 


gall the hdhes’ feet, and 5t<»p the hasty approaches of the 
cnemv. 

CHAZELLES (Joiin-Mattiiew), a FretiA mathe¬ 
matician and engineer, was born at Lyons in 1057, and 
educated there in the college of Jesuits, Trom whence he 
removed to Paris in l675. He first became acquainted 
with Du Hamel, secretary to the Academy of Sciences, 
and through him with Cassini, who employed him with 
liimself at the Observatory, where Chazcllcs greatly im¬ 
proved himself, and also a-sistci) Cassini in the measure¬ 
ment of the soulliern part of the meridian of France. Ha¬ 
ving, in l684, instructed the Duke ol Montemar in the tna- 
thematical sciences, this nobleman procured him the ap¬ 


pointment of hydrography-prolcssor to the galleys of Mar¬ 
seilles. In dischnrging the duties of this ilcparlincnt, he 
made numerous geometrical and astronomical observations, 
from which he drew a new map of the coast of Provence. 

_He also performed many otlicr services in that dopari- 

incnt, and os an engineer, along with the armies and naval 
expeditions. To 'make observations in geography and 
astronomy, he undertook also a voyage to the l..evant,and 
among other things he measured the pyramids of Egypt, 
and found the four sides of the largest of them exactly to 
face the four cardinal points of the compass. lie made 
a report of his voyage, on his return, to the Academy of 
Sciences, upon w hich he w as named a member of ibcir 
body in 1695, and bad many papers inserted in the vo¬ 
lumes of their Memoirs, from 1693 to 1708. Chazelles 
died at Marseilles the l6tli ol January 1710. 

CllEMIN des Rands, in Fortification, the way of the 
rounds, or a space between the rampart and the low para¬ 
pet under it, for the rounds to go about it. 

CHEMISE, a wall that lines a bastion, or ditch, or IheA 
like, for its greater support and strength. 

CHEVAL de Prise, pi. Chevaui de Prise, or Friscland 
Horse, so called because it was first used in that country. 

It consists of ft joist or piece of timber, about a foot in 
diameter, and 10 or 12 long,pierced and transversrd with 
a great number of wooden spikes of 5 or 6 feet in length, 
and armed or pointed with iron. It is also called turnpike^. 
or tourniquet, and is chiefly used to stop a breach, defend 
a pusvace, or make a retrenchment to stop the cavalry. 

CllEVRETI’E, in Artillery, im engine to raise guns or 
mortars into their caninge. It is formed of two piecq^f 
wood of about 4 fict long, standing upright upon n t^Q^ 
which is square. The uprights are about a foot asui^^^ 
and pierced with holes exactly opposilo to one nnolher, 
to receive a boll of iron, which is pul in either higher or 
lower at pleasure, to serve as a support to a handspike by 
which the gun is raised up. 

CHEYNE (George), a British physician ond mathe¬ 
matician, was born in Scotland, lo71» ®od educated at 
Edinburgh under Dr. Pilcnirn. He passed hisyoulhin 
close study and great abstemiousness; but on coming to 
London, at 30 years of age, he suddenly changed his whole • 
manner of living; which had such an effect on his consti¬ 
tution, that his body grew to an immenso size, weighing 
it is said 448 pounds. From this load of oppression how¬ 
ever he was afterwards in a great measure relieved, by 
means of a milk and vegetable diet, which reduced his 
weight toabont one-third of what it had been, and restored 
him to a good state of health ; by which his life was pro¬ 
longed to the 72d year of bis age. 

Dr. Cheync was author of various medical and other 
tracts, aud of a treatise oa the Inverse method otFlux- 
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ions^ Duder the title of Fluxionum Metbodus Intcisa; sivc 
quantitatuin duentium leges gencraliores: in 4to, 1703. 
Upon book Demoivre wrote some animadversions in 
an8vov*11704) which were replied tobyCheynein 1705. 
Besides this work» he published Philosophical Principles 
of Religion^ natural and revealed. Also the English 
lady» or a Treatise on Nervous Diseases. 

CIIILIAD, an assetnblage of several things ranged by 
thousands. It was particularly ap|)lied to tabled of loga* 
rithms> because they were at Hrst divided into thousands. 
Thus, in the year 1624, Mr. Driggs published a table of 
logarithms for 20 chiliads of absolute numbers; afterward, 
he published 10 chiliads more; and lastly, one more; 
making in all 31 chiliads. 

CHILIAEDRON, asolid figure having a thousand faces. 

CHILIAGON, a regular plane figure of a thousand sides 
and angles. * * 

CHORD, a right line connecting the two e.xtremes of 
an arch ; so called from its resem* 
blancc to the chord or string of a 
bow ; as AB, which is common to 
the two parts or arches adb, AEb 
that make up the whole circle. The 
chords have several propVrlies: 

1. The chord bisected by a 
perpendicular cr drawn to it from 
the qentrc.^2. Chords of equal 
arcs, in the same or equal circles, 
arc equal to each other—3. Unequal chords have to one 
another a le&s ratio than that of their arcs.—4. The chord 
of an arc, is a mean proportional between tbe diameter 
and the vened sine of tliat arc. 

Scale or Line of Chords. See Plane Scale, 

CiioKD, or CoKD, in Music, denotes the string or line 
by whose vibrations the sensation of sound is excited; and 
by whose divisions the several degrees of tune are deter* 
mined. Chords of gold wire in hurpsichords, yield a sound 
almost twice as strong as those of brass; while chords of 
steel impart a feebler sound than those of brass. . 

To divide a Chord ab in the most timple moTtner, so as to 
exhitnt all the original concords, 

.A_ C E 1> _B 

^Divide the given line into two eqUal parts at c; then sub* 
dMde the part cb into two equal parts at d, and again the 
part CD into two equal parts at^E. Here a c to ab is an 
octave; AC to ad a fifth; ad to a n a fourth; ac to ab 
a greater third, and ab to ad a less third; ae to ed a 
greater sixth, and ae to ad a less sixth. Malcolm's Tfea* 
tise of Music, ch..G. sec. 3. See MonocHoaD. 

To find the number of Vxbrations made by u iMusical Chord 
or Siring in a given time; having given its weight, length, 
and tension. Li‘t / be the length of the chonl in feet, I 
its weight, or rather a small weight fixed to the middle 
rfnd equal to that of the whole chord, and ip the tension, 
or weight by which the chord is stretched. Then shall 
the time of one vibration be expressed by 

consequently will be tbc number 

of vibrations per second. 

tor example, suppose w 28800, or the tension equal 
to 26600 times the weight of the chord, and tbc length of 
It 3 feet; then the last theorem gives 354 nearly for the 
number of vibrations made in each second of time.^But 
if to were 14400, there #ould be mode but 250 vibrations 


per second ; and if u* were only 28S, there wc>uld be no 
more than 35^ vibrntioi^^ (•cr second, bie jit^ 
vol. 3, prob. 21 22, pa. 2t(>. 

On the sup[>ObMlun llmt churrl> or strings are perlVctly 
clastic, the following jiroportions have been deduced mu* 
thematically. 1. It tlic leiigiii ij the chord and thu tind* 
ing force be ^iven, the intiecting Inrce will be ijcarly as the 
space through which the chord ts bent. 2. If the length 
of the string and the space through vvhicii it is bent te 
given, the inficcting force is as the 3. It the tend* 

ing force, and the spiicc ihrough w hich the cliord is bent 
be given, the inttecling force is invoisely as the length of 
the chord. 4. If the diameter of tlie cliord, and the ten¬ 
sion be given, the times of vibration are as the length of 
the chord : on which principle the monochord founded. 
5. If the tension and length of the chord be given, the time 
of vibration is as the diameter of the chord. 6. it the di¬ 
ameter, and length of the chord be given, the time of vi> 
bration is inversely as the s<|uure root of the tension. 

^Cjiohd, in Music, is also used for the union of two or 
more sounds uttered at the same time, and fornun^ to<'c- 
ther a complete harmony. 

Chords are divided into perfect and imperfect. In the 
perfect chord we have (he third, filth, and octave of the 
fundamental sound : tiiey are aUn subdivided into major 
and minor, according as the thirds wliicii enter into their 
composition are flat or sharp. Imperfect chords arc those 
in which the sixth, instead of the fifth, prevails; and in 
general all those wdiose lowest are not tlieir futuluinentul 
bounlls. 

Chords are again divided into consonances and disso¬ 
nances. The consonances arc the perfect chord, und its 
derivatives. Every other chord i> a dissonance. A tahio 
of bath, according to the system of M. Uamcau, may be 
seen in Rousseaus Musical Dictionary, voK 1, pa. 27• 

CMROAIATIC, a species of music which proceeds hy 
semitones und minor thirds. The word is derived from 
the Greek which signifies colour, and perhaps the 

shade or intennctliate shades of colour, which mingle and 
connect colours, like as the small intervals in this scale 
easily slide or run into each other. 

Boethius and Zarlin ascribe the invention of the chro¬ 
matic genus to 'I'iinotlicus, a Milesian, in llu* time of Alex¬ 
ander the Groat. The Spartans banishtul it their city on 
account of its softness. The character of this genus, ac¬ 
cording to Aristides Quintillianus, was sweetness and 
pathos. 

CHROMATICS, is that part of optics which c.xplatns 
the several properties of the colours of light, mul of natu¬ 
ral lollies. 

Before the time of Newton, the notions conceruing co¬ 
lour Were very vague and extravagant. The Ryihagoreons^ 
called colour the superficies of bo<li(s: Plato said that it 
vvos a ilame issuing from;them : According to Zeno, it is 
(he first configuration of matter: And Aristotle said it was 
that which made bodies actually Iranspurent. Dt^enru^ 
accounted colour a r^iodificatiun of light, and he inmgineu^ 
that the difference of colour proceeds from the prevalence 
of the direct or rotatory motion of the particles of tight. 
Grimal^it Dechalcs, and many i)thcrs> cunjccturc^d that 
tbe ditfcK'rices of colour depended on the quick or slow 
vibrations of a certain elastic medium pervading the uni¬ 
verse. RohauU conceived, tliot the different colours were 
made by the rays of light entering the eye at difTercm an¬ 
gles with respect to ibe optic axis. And Dr. Hooke ima- 
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pined thnt c- l')Ur can- d 1-y the srn'ati»n of the oblique 
or unewii i>iiInc of lij.l i nliicli benig c:i|ial)le of but two 
viiiKtK', Im’ eoi.ctu.i.ci there could he im ojore than two 
prirnurv cnloiir^. 

Sir I. Ni vvton. in tho vimf \G6f}, Wgaii to invesugate 
thi' snhj« (-1 ; when lindmii that the coloured iina-’e ol the 
Min. I ’niu-d l)v a was of an oblonrr, atnl not 

ot a circnlar r''i in. a^, iicc«-idini to llic laws ol equal re- 
fraiMion, it ouuht to be. lie conjectured, that lisilit is not lio- 
moitc iieal ; l>ut that It consists of rays of dillereiit colours, 
and endued with d(veis <leprees ol relraneibility. And, 
from a further |>rosei ution ol Ids e.Njn riineiits, he conclu¬ 
ded that the ditb rent colouis ol hodies arise Irom their re- 
flectine this or iliat kind ol ;ays most copiously. Ihis 
method of accounting lor the dillereiil colours «)f bodies 
soon b- came ^emTiill) adopterl, and still conlinues to be 
the most prev-tilinp ojiinion. It is lienCe agreed that the 
light of the sun, which to Us appears white and perfectly 
hoiiiogeiu'iil, IS Composed of no less than seven different 
colours, VI/. n il, oraiipe, yellow, preen, blue, purple, and 
violet or indigo; that a body which appears of a red co¬ 
lour, has the property of rellecling the red rays more pro¬ 
fusely tlian the rest; ami v> of the other colours, the orange, 
yellow, green, \'c: also that a body which apjiears black, 
itisteail of rcHeCting, absorbs all or the most part of the 
rays that fall upon it; while, on the contrary, a body 
which appears white, rellects tlie greatest part of all the 
rays mdiscrimiiiatcly, without separating liiera ouc from 
another. 

Tlie foundation of a rational theory of colours being 
thus laid, the next inquiry was, by what peculiar mecha- 
iiisin, in the structure of each particular body, it was ren¬ 
dered capable of reflecting o^c kind of r.ays more than ano¬ 
ther; and this is attributed, by Sir 1. Newton, to the den¬ 
sity of these bodies. Dr. Hooke had remarked, that thin 
transparent substances, particularly soap-water blown into 
bubbles, exhibited various colours, according to their thin¬ 
ness ; and yet, when they have a considerable degree of 
thickness, they appear colourless. And Sir Isaac himself 
had also observed, on coinpressing two prisms hard toge¬ 
ther, in order to make their sides (which bappenc-d to be 
rather convex) to touch one anotiiei*, that in the place of 
contact they were both perfectly transparent, as if they 
had been but one continued piece of glass: but round the 
point'of contact, where the glasses were a little separated 
from each other, rings of dideient colours appeared. And 
when ho afterwards, further to elucidate this matter, em¬ 
ployed two convex glasses of telescopes, pressing their con¬ 
vex side.s upon each other, he observed several series of 
circles or rings of such colours, difTcrent, and of various 
intensities, according to their distance from the common 
central pellucid point of contact. 

As the colours were thus found to vary according to 
the difTcrent distances between the glass plates, Sir Isaac 
conceived that they proceeded from the ditlercnt ibicknc5.s 
of the plate of air intercepted between the glasses; this 
pldte of air being, by the mere circumstance of thinness 
or thickness, disposed to reflect or transmit the mys of this 
or that particular colour. Hence he concluded, that the 
colours of nil nalural bodies depend on their density, or 
the magnitude of their component particles: and hence 
also he constructed a table, in which the thickness of a 
plate necessary to reflect any particular colour, was ex¬ 
pressed in millionth pnrts of an inch. 

From a great variety of such experimeoU, and observa¬ 


tions upon them, onr author deduced his theory of co. 
loiiFH. .And from which it appears that ever)* substance 
in nature is Iraiispareiil, provided it be made Efficiently 
thiu ; as gold, the densest substance wc know o*»hen re¬ 
duced into tliin le.ivcs, transmiis a bliieish-green light 
through it. If wc suppose any body tUvnforc, as gold for 
iii'.tance, to be divided into a vast iinmbcr of plates, so 
tliin as to be almost perfectly transparent; it is evident 
that all, or the gnatcst part of the rays, will pass through 
the up|)er plates, ami when they lose their force will be 
rellccled from the under ones. They will then have the 
same number of plaU-s to pa^ through which they had 
bclorc penetrated ; and thus, according to the number of 
those plates through which they are obliged to pass, the 
object appears of this or that colour, just us the rings of 
Colours appeared diflerent in this experiment of the two 
plalws, according to their distance from one another, or 
the thickness of the plate of air between them. 

This theory of colours has been illustrated and con¬ 
firmed by various experiments, made by other philoso¬ 
phers. Mr. E. M. Deluvnl produced similar effects by the 
infusion of flowers of different colours, and also by the in¬ 
timate mixture of the various metals with glass, when they 
arc reduced to very fine parts; the denser metals impart¬ 
ing to the glass the less refrangible colours, and the lighter 
OIK'S those colours that arc mure cosily refrangible. Dr. 
Priestley and Mr. Canton also, by laying very thin leave* 
or slips of the metals upon glass, ivory, wood, or metal, 
and passing an electrical stroke through them, found that 
the same effect was produced, viz, that the substrated was 
tinged with different colours, according to the distance ' 
from the point of explosion. 

However, the Abbe Mazeas and M. du Tour contend¬ 
ed, that the colours between the glasses nre not to be as¬ 
cribed to the thin stratum of air, since they equally pro¬ 
duced them by rubbing and pressing together two flat 
glasses, which cohered so strongly that it required the 
gi\*aiest force to move or slide them over each other. Sec 
Priestley’s History of Vision. 

- 0/ Newton's Sift Eipcr. in the 2d "Book qf Oplic$. 

The event of this experiment, which has been contra¬ 
dicted by repetitions of the same by other pliilosophcrs, 
having been the occasion of much controversy ; and rela¬ 
ting to a material part of the doctrine of chromatics, it 
will not be imprpper here to give an account of what hai 
passed concerning it. Newton found, that when light, by 
contrary refractions through diflerent mediums, is so cor¬ 
rected, that it emerges in lines parallel to the incidtmt rays, 
it continues ever alter to be white. But that if the finer- 
genf rays be inclined to the incident ones, the whiteness 
of iho emerging ligitl will, by degrees, in passing on from 
the place of emergence, become tinged at its edges with 
colours. And these laws he inferred from experiment 
made by refracting light with prisms of glass, placed with¬ 
in a prismatic vessel of water. 

By theorems deduced from this experiment ho infers, 
that the n fraction of the rays of every snrt, out of any 
medium into air, arc known by having the refraction of the 
rays of any one sort: and also, that the refraction out of 
one jnedium into another is found, whenever we have the 
refractions out of them both, into any third medium. 

Now the same cxpcrimcnl, having been since performed' 
by other persons, and turniug out contrary to what is sta¬ 
ted above, lias occasioned rather, free reflections to bo 
thrown on Newton concerhiug which however have 
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^cfn very satisfactorily obviated by Mr. Peter Dollond, 
in a pamplilt I on tliis subject; as we shall show below. 

Ill the /Irst place then, M. Klinncostierna, h Sweetish 
philosopher, bavin" in the year 1755 considered the con¬ 
troversy between Luler and Mr. John Dollond, relative to 
the refraciioii ut light, formed a theorem of his ow n, from 
geonu lrical reasoning, by which he was induced to believe 
that the result of Newton’s experiment cuubi not be as lie 
bas represented ; except when the angles of the n fracting 
mediums aic small. Sec the paper on this inatief by Klin- 
genslicrna in the pamphlet above cited by .Mr. Peter iJol- 
loiid. 

Ihis paper of Klingenslierna being communicated to 
Mr. Johij Uollond by Mr. Mallei, to whom it was sent for 
that purpose, made Dollond entertain doubts concerning 
Newton’s report of the result of his e.vperinient, and ik- 
lennincd him to have recourse to experiments of his ow n, 
which he accordingly made in the year 1757, as follows. 

Having cemented two glass planes togcilier by their 
edges, so iis to form a prismatic vessel, when closed at the 
<-nds or biisi-s; and the edge being turned downward, he 
placed it in a glass prism with one of its cilgc s upward, 
lining up the vacancy wiflt clear wafer; so llmt the refrac¬ 
tion ol the prism was contrived to be conlrary to that of 
the water, in order that a ray of light, transmitted through 
both these refracting mediums, might be affected by tlic 
difference only between the two refractions. As be found 
the water to refract more or less than the glass prism, he 
diminished or augmented the angle between the* glass plale^s, 
till the two Contrary refractions became equal, which he 
discovered by viewing an obji ct through this double prism. 
For when it appeared neither raised nor depressed, he con- 
cludcil that the refractions were equal, and that the emer¬ 
gent rays were paiallel to the incident ones. 

Now, according to the prevailing opinion, he obscrvi's, 
tliat the object ought to have appeared through this 
double prism in its natural colour; for if the diflerciice 
of rcfrangibility^had been in all respects equal, in the two 
equal refractions, they would have rectified each other. 
But this experiment fully proved the fallacy of the re¬ 
ceived opinion, by* showing that the divergency of the 
light by the glass prism, was almost double of that by the 
water; for the image of the object, though not at all re- 
fnneted, was yet as much infected with prismatic colours, 
at if it had been seen through u glass wedge only, having 
its angle near 30 degrees^ 

This experimetk is the very same with that of New¬ 
ton’s above-mentioned, notwithstanding the result wasjo 
sirikinglv different. Mr. Dollond plainly saw however, 
that if the refracting angle of the water-vessel could have 
admitted of a sufficient increase, the divergency of the 
coloured rays would have been greatly diminished, or 
entirely rectified ; and that there would have been a very 
great refraction without colour, as he had already pro¬ 
duced a great discolouring without refraction: but the 
inconvcniency of so large an angle as that of the prismatic 
vessel must have been, to bring the light to an equal di¬ 
vergent with that of the glass prism, whose angle was 
about 00 degree#, rendered it necessary to try some exnc- 
na»nts of the same kind with smaller angles. 

Accordingly he procured a wedge of plate-glass, whoso 
angle was only 0 degrees; and, using it under the same 
Cl rcumstances, he increased the angle of the water-wedge, 
w which U was placed, till the divergency of the light by 
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the wakr was equal to that by the glass; that is, till the 
image of the object, though considerably refracted bv liu 
excess of the refraction of the water, appeared ntveVtiic- 
kss quite free from any colours proceeding from the dif¬ 
ferent refraiigibility of the light. 

-Many conjectures were made as to the cause of so "real 
a difference in the resulls of ihe same i.vperimint; but 
none that gave any gn at sati>tactioii; till it was after¬ 
wards shown to be probably oviing to tlie nature of the 
glass then used by Newton. This conjtcture is made by 
.Mr. Peter Duiloiid, son of John, llie inventor of tiie achro¬ 
matic telescope, in a parophl. t by him |mblished in 
defence ol bis lather's invention, against the niisfpre- 
senlations of some persons who have unjustiv attvinpled 
to give the inventiuji to other philosophers, who them¬ 
selves never imagined that they had any just claim to it. 
After a full and satisfactory vindication of his father, Mr. 
P. Dollond then adds, 

I now come lo a more agreeable part of tliis paper, 
which is, to endeavour to reconcile the different results of 
the 8th experiiiu'iit of the 2d pari of the 1st book of New¬ 
ton’s Optics, as related by himself, and us it was found by 
Dollond, when he tried the same experiment, in the year 
1757. Newton observc*s, that light, as often us by con¬ 
trary refnictions it is so correcied, that it emergelh in 
lines parallel to the incident, coiuinues ever after to be 
while. Now Dollond says, when lie tric'd the same ex¬ 
periment, and made the mean rcfiaciion of the water equal 
to that of the glu-s pri-in, so ihnt the light cmergcil in 
lines parallel to the incidi nt, he lound the divergency of 
tlie li-ht by the glass prism to be nearly double "to what 
It was by Ihe wuier prism, 'i he light appeared to be so 
evidently colouied, that it was direcily said by some per¬ 
sons who were present, lhat if New ton had actually made 
ihcexperimeiil, he must have perceived it to have been so. 
^et who could for a moment doubt the voracity of New¬ 
ton ? or feel indillerciU in vindicating if possible the as¬ 
sertion of suchu character? Many conjectures were there¬ 
fore made by different persons. Mr. Murdoch in par¬ 
ticular gave a paper to the Royal Society in defence of 
Newton; but it was sucb as very little tended to clear 
up the matter. Philos. Trans, vol. 53, p. Some 

have supposed that Newton made use of water strongly im¬ 
pregnated with saccharuni sainrni, because he mentions 
sometimes using such water, lo incrc*ase the refraction, 
when he used w ater prisms instead of glass prisms. New¬ 
ton's Opt. p. 62.—And others have thought lhat he tried 
the experiment with so strong a persuasion in his own 
mind, lhat the divergency of the colours was always in the 
same proportion^ to the mean refraction, in all sorts of 
refracting mediums, lhat he did not attend so much to 
that experiment as he ought lo have done, or as he usually 
did. None of these conjccivircs having appeared at all 
satisfactory, I have ihereibrc endeavoured to discover the 
true cause of the difference, and thereby show, how the 
expenmeut may be made to agree with Newton’s de- 
scrqmon of it. and lo get rid of those doubts, which have 
bitberto remained to be cleared up. 

It is well known, that in Newton’s time the English 
were not the roost famous tor making optical instruments: 
telescopes, opera-glasses, &c, wore imported from Italy 
in great numbers, and particularly from Venice; where 
they manufactured a kind of glass which was much more 
proper ftir optical purposes than any made in England at 
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time. The qlass made at \'enicc was nearly of the 
Slime icfraclivc qualUy as our own crown-glass, but of a 
much hotter colour, being sufficiently clear anti transpa¬ 
rent for the purpose of prisms. It is probable that New- 
liin's prisms were made with this kind of glass; anti it 
sippoiirs to bo the intire so, because he mentions the spe¬ 
cific gravity of common glass to be to water as 2’58 to I, 

N. vt ton’s Opt. p.247, which nearly answers to the specific 
graMty we find the Venetian glass generally to have. Hav¬ 
ing a very thick plate of this kind of glass, whicli was pre¬ 
sented to me about 25 years ago by the laic Professor 
Allemand, of Leyden, and which he then informed me had 
been made many y« an ; 1 cut a piece from this plate of 
glass to form a prism, which I conceived would be similar 
to those made use of by Newton himself. 1 have tried 
the Newtonian experiment with this prism, and find it 
answers so nearly to what Newton relates, that the dif¬ 
ference which remains may very easily be supposed to 
arise from any little ditTerence which may and docs often 
happen in the same kind of glass made at the same place 
nl dilTerent times. Now the glass prism made use of by 
Dollond to try the same experiment, was made of Lnglish 
flint-class, the specific gravity of which I have never known 
to he' less tlmn 3 - 22 . 'Phis illfferencc in tlie densities of 
the prisms, used by Newton and Dollond, was sufficient to 
cause all the (lifl'ereiice which appeared to the two expe¬ 
rimenters in trying the same expciimcnt. 

“ From this it appears, that Newton was accurate in 
this experiment ns in all others, and that his not having 
discovered that which was discovered by Dollond so many 
years afterwards, was owing entirely to accident; for if his 
prism hud been made of glass of a greater or less density, 
he would certainly have then made the discovery, and 
fracting telescopes would not have remained so long in their 
'“original imperfect state.” Sec Achromatic, and Tele- 

SCOPE» 

Mr. DehiruVs experiment onihecoloursof opaquebodies.— 
Resides the experiments of this gentleman, before-men¬ 
tioned, on the colours of ti ansparcnt bodies, he has also 
published an account of some made upon the permanent 
coloufsof opaque substances, the discovery of which must 
be of the utmost consequence in the arts of colour-making 
and dyeing. 

The changi-s of colour in permanently coloured bodies, 
our outhor observes, are produced by the same laws that 
take place in transparent colourloss substances; and the 
experiments by which they are investigated consist chiefly 
of various methods of uniting the colouring particles into 
larger mosses, or dividing them into smaller ones. Sic 
Isaac Newton made his experiments chiefly on transparent 
substances; and in the few places where hb treats of others, 
be acknowledges his want of experiments. He makes the 
following remark however on those bodies which reflect 
one kind of light and transmit another, via, that If these 
glasses or liquors were so thick and massy that no light 
' could get through them, he questioned whether they would 
not, like other opaque bodies, appear of one and the same 
colour in all positions of the eye ; though he could not 
yet affirm it from cxitcriencc. Indeed it was the opinion 
of this groat philosopher, that all coloured matter reflects 
the rays of light, some reflecting the more refrangible rays 
• most copiously, and othcra those that are less so ; and that 
this is at once the true and only reason of these colours. 
He was likewise of opinioo that opaque bodies reflect the 


light from their anterior surface, by some power of the 
body evenly diffused over and external thereto, ^'ilh re¬ 
spect to transparent coloured bodies, he thus expresses 
himself: “ A transparent body w hich looks of any coloor 
ty transmitted light, may also appear of the same colour 
by reflected light; the light of that colour being reflected 
by the farther surface of that body, or by the air bcyoiyl 
it: and then the reflected colour will be diminished, and 
perhaps cease, by making the body very thick, a»d pitch¬ 
ing it od the back-side, to diminiih (he reflection of its 
farther surface, so that the light reflected from the lingeing 
particles may predominate. In such cases the colour of 
the reflected light will be apt to vary from that of (he 
light transmitted.” • 

To investigate t)ic truth of these opinions, Mr. Delaval 
entered upon a counc of experiments with transparent 
coloured liquors and glosses, as well as with opaque and 
semitransparent bodies. And from these experiments he 
discovered several remarkable properties of the colouring 
matter; particularly, that in transparent coloured sub¬ 
stances it docs not reflect any light; and when, by inter¬ 
cepting the light which was transmitted, it is hindered 
from passing through such substances, they do not vary 
from their former'colour to any other, but become en¬ 
tirely black. 

This incapacity of the colouring particles of transparent 
bodies to reflect light, being deduced from very numerous 
experiments, may therefore be taken ns a general law. 

It will appear the more extensive, if it be considered that, 
for the most part, the lingeing particles of liquors, or other 
transparent substances, arc extracud from opaque bo¬ 
dies; that these bodies owe their colours to those particles, 
in the same manner as the transparent substances; and 
that by the loss of them they arc also deprived of their 
colours. 

Notwithstanding these and many other experiments, the 
theory of colours is not yet determined with certainty; and 
it must be acknowledged that very strong objections might 
be brought against every hypothesis on this subject that has 
been invented. The discoveries of Newton however arc 
sufficient to justify the following Aphorisms. 

^phenitm 1 . All the colours in nature arise from the 
rays of light. 

2. There are seven primary colours, namely red, orange, 
yellow, green, blue, indigo, and violet. 

3. F.vcry ray of light may be separated into'thesc seven 
primary colours. 

4. The rays of light, in passing through the same me¬ 
dium, have different degrees of rcfrangibilily. 

b. The difference in the colours of light arises from its 
different refrangibility: that which is the least it'frangible 
producing red; and that which is the roost refrangible, 
violet. 

6 . By compounding any two of the primary, as red and 
yellow, or yellow and blue, (be intermediate colour, orange 
or green, may be produced. 

7 . The colours of bodies arise from their dispositions to 
reflect one sort of rays, and to absorb the others: those 
that reflect the least refrangible rays appearing red ; and 
those that reflect the most refrangible, violet, 

8 . Such bodies as reflect two or more sorts of rays, ap¬ 
pear of various colours. 

9 . The whiteness of bodies arises from their disposition 
to reffcct all iho rays of light promiscuously. 
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10. The blackness of bodies proceeds from their inca* 
pacily to reflect any of the rays of light.-^And from ibeii 
thu'v absorbing all the rajs of light that are thrown upon 
them, it arises, that black bodies when exposed to the sun, 
become hot sooner than all others. 

0/(he Diatomc Scale of Colours. —Newton, in the course 
of his invi^sti gat ions of the properties of light, discovered 
that the lengths of the spaces occupied in the spectrum by 
the seven primary colours, exactly corro'ipoiul to the 
lengths of chords that sound the seven notes in the dia¬ 
tonic scale of music : which is made evident by the fol¬ 
lowing experiment. 



On a paper, in a dark chamber, let a ray of light be 
• largely refracted into the spectrum abcdev, marking upon 
it the precise boundaries of the several colours, as a, A, c, 
&c; and across the spectrum draw the perpendicular 
line^ <7g, bhy 6cc. Then it will be found that the spaces, 
by which the several colours arc bounded, via, hagr con¬ 
taining the re<l, ahhg containing the orange, bcih contain* 
ing the yellow, &:c, will be in exact proportion to tbedi* 
visions of a musical chord for the notes of an octave; that 
is, as the intervals of these numbers I, J- 

CHRONOLOGICAL, belonging lo chronology, 
CiiaoKOLOGiCAt Cliaraclcrs, arc characters by which 
times are distinguished. Of these, some are natural, or 
astronomical; others are artificial or historicaL The na¬ 
tural characters arc such as depend on the motions of the 
stars or luminaries; as eclipses, solstices, equinoxes, the 
difleront aspects of planets, &c. And the artificial cha¬ 
racters arc those that have been invented and established 
by men ; as the solar cycle, the lunar cycle, &c. Histo¬ 
rical Chronological Characters are those supported by the 
testimonies of historians, when they fix the datc^ of cer¬ 
tain events to certain periods. 

CHRONOLOGY, the art of measuring and distinguish¬ 
ing time; with the doctrine of dates, epochs, eras, A:c. 
The measurement of time in the most early periods, was 
by means of the seasons, or the revolutions of the sun and 
moon. Thesuccesfion of Juno's pru'stesu^sat Argosserved 
Ilellanicus for the regulation of his narrative; while Epho- 
rus reckoned his matters by generations. Even in the his¬ 
tories of Herodotus and Thucydides, there arc no regular 
dales for the events recorded; nor were there any endea¬ 
vours to establish a fixed era until the lime of Ptolemy 
Philadelphus, who attempted it by comparing and correct¬ 
ing the dates of the olyifipiads,. the kings of Sjinrta, and 
the succession of the priestesses of Juno^at Argos. Era¬ 
tosthenes and Apollodorus digested the events related by 
them, according to the succession of the olympiads and of 
the Spartan kings. 

The chronology of the Latins is still more uncertain. 
The records of the Romans were destroyed by the Gauls; 
and Fabius Pictor, the most ancient of their liisttirians, 
was obliged to borrow the chief part of bis informaciori 
from the Greeks. In other European nations the chrono¬ 
logy is itill more imperfect, and of a later date : and even 
in niodero times a considerable degree of confusion and 
inaccuracy has arisen, from the want of attenuoo in the 
VoL, L 
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liistorians to ascertam tlie dates and epoclis with precr- 
sion. 

Hence it is t'vi<lcnt, how necessary a proper system ol 
chronology must be Jor ihe right understanding of history, 
and also how difficult it mii>t be to c*stablisb such a 
icm. For this purpose, however, #c‘\eral learned men ha\e 
spent much time, pariictilarls Julius Alricanus, Eusebius 
ofCxsarea, George Cynccllo, John of Antioch, l)ennj>, 
Petau, Clavius, Calvisius, Scaligrr. Newton, Usher, 

Simson, Marsham, Helvicu^, \*(»sniu>, ^frauchius, Blmr, 
Playfair, and Hales. 

A system of this kind is founded, 1*^1, On Astronomical 
observations, especiallyof the eclipses of ttie sun and moon, 
combined witli calculations of the years an<l eras of dit- 
fcreiit nations. 2d, The totimonies of credible authois. 
3d, Such epochs in history as arc so well attested and di - 
lermined, that they have never been controverted. 4tli, 
Ancient medals, coin', monuments,and inscri|itions. 

The most obvious division of time, is derived from the 
apparent or real revolutions of the luminaries, Uie sun 
and moon. Thus, the appai\*nt revolution of the sun, or 
the real rotation of the earth on her axis causing the sun 
to appear lo rise and set, constitutes the vicissitudes of 
day and night, which must be evident to the most bar¬ 
barous and ignorant nations. The moon, by her revolu¬ 
tion about the earth, and her changes, us naturally and ob¬ 
viously forms months ; while the groat annual course of 
the sun through the several constellations of the zodiac, 
points out the lai^or division of the year. 

The Day is divided into hours, minutes, &c; while the 
month is divided into weeks, and the year into months, 
having particular names, and a certain number of days.— 
Sec a particular account of each of these under the rcspec* 
live words. 

Besides the natural disisions of time arising immedi¬ 
ately from the ftwolutions of the heavenly bodies, there are 
others wliich arc formed from some of the less obvious 
consequences of these revolutions, and are called Cycles, 
or circles. The most remarkable of these arc, 1,'rhe 
Solar Cycle, or cycle of the sun, h period or re\’olution of 
28 years, in which time (be dajs of the monlhs return to 
the same <lays of the week, the sun’s place to the same 
signs and degrees of the ecliptic on the same months and 
days, and the leap-years begin the same course over again 
with respect to the days of the week on which the days ofl 
the months fall. 2, The Lunar Cycle, or cycle of the 
moon, commonly called the Gulden Number, is a revolu¬ 
tion of 19 years; in which time the conjunclions, opposi¬ 
tions, and other aspects of the moon, are on the same days 
of the monlhs as they were 19 years beforo,and within an 
hour and a half of the time of the day. 

The Indiction, or Roman Indiciion, is a period of 15 
years, used only by tho Romans for indicating the timi-s of 
certain payments made by the subjects to the republic. 

The C>e/e of Eauer, called also the Dionysian Period, is 
a revolution of 532 years, ond 1$ pro«luced by mullipl)ing 
tbc solar cycle 28, by the lunar cycle 19. 

The Julian Period, is a revolution of 798O years, and is 
produced from (he continual multiplication of. the three 
numbers 28, I9. 15, of the three former cycles, viz, the 
solar, lunar, and indictiun. 

As there are certain fi^^d points in the heavens, from 
which astronomers begin their computations, so there are 
certain points of time, from which historians begin to 
reckon; and these points or routs of time arc culled Kras 
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or Epochs. The most remarkable of these arc, those of 
the Creation, the Greek Olympiads, the building of Rome, 
the era of Nabonnassar, the death of Alexander, thebirth 
of Christ, the Arabian Hegira, or flight of iNfiihomet, and 
the I’cTsian Jesdegird. .All of which, with some others of 
less note, have their beginnings fixerl by chronologcrs to 
the years of the Julian period, to the age of the world, and 
to the years before an<l after the birth of Christ. 

The testimony of authors is the second principal part 
of historical chronology. Though no man has a right to 
be considered as infallible, it would however be making n 
very unfair judgment of mankind, to treat them all as 
dupes or impostors; an<l it would be an injury offered to 
public integrity, to doubt the ver.tcity of authors univer¬ 
sally cstceinod, and fact' that are truly worthy of belief. 
Wlion the historian is allowed to be completely able to 
judge of an event, and to have no intent of deceiving by 
his ri latioii, his testimony cannot bo refused. 

The Epoch form the 3d principal part of chronology ; 
being those fixed points in history that have never been 
contested, and of uhich there cannot reasonably be any 
doubt. Notwithstanding that chronologcrs fix upon the 
events which are to serve as epochs, in u manner quite ar¬ 
bitrary ; yet this is of little consequence, provided the 
dales of these epochs agree, and that there is no contra¬ 
diction in the facts theinsolves. 

Medals, Monuments, and Inscriptions, form the last of 
the four principal parts of chronology; and this study is 
but of very modem dale, scarcely more than 200 years 
having elapsed since close application has been made to 
the study of these. To the celebrated Spanheim we owe 
the greatest obligations, for the progress that is made in 
this method ; and it is by the aid of medals that M. Vail- 
lant has composed his judicious history of the kings of 
Syria, from the lime of Alexander the Grt^t to that ofPom- 
pey. Nor luivc they been of less service in elucidating all 
ancient history, especially that of the Romans; and even 
sometimes that of the middle ages. 

Besides the foregoing general account, there are some 
few systems of chronology whicli may di*scrvcsome more 
particular notice, as follows. 

Sacred Chronoh^. There have been various systems 
relating to sacre<l chronology ; wliich is not to be wondered 
at, as the ihrei‘ chief copies of the Bible give a very dif¬ 
ferent account of the first ag(*s of tlie world. For while 
the Hcbixsw text reckons about 4000 years from the crea¬ 
tion to the birth of Christ, and to the flood l656 years; 
the Samaritan makes the former much longer, though it 
reckons from the creation to tlic flood only 1307 years; 
find the Septuagint removes the creation of the world to 
6000 years before Christ, and 2250 years before the flood. 
Many attempts have been made to reconcile these diffe¬ 
rences; though none of them arc quite satisfactory. Wal¬ 
ton and Vossius give the preference to the account of the 
Septuagint; while others have defended the Hebrew text. 
Secan abstractor the different opinions oflearned men on 
this subject, in Straucliius's Brev. Chron. translated by 
Sault, p. l66and 176. 

The Chinese Chrortologtf. No nation has boasted more 
of its antiquity than the Chinese : but though they be al¬ 
lowed to trace their origin as far back as the deluge, they 
have few if any authentic records of their history for so 
long a period as 500 yean before the Christian era. This 
indeed may be owing to the general destmetjon of ancient 
remains by the tyrant Tsin-ebi-boang, in the year 213, or. 
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some say 246, before Christ. From a chronology of the 
Chinese history (for which we arc obliged to an illustrious 
Tartar who was viceroy of Canton in the year 1724, and 
of which a L.atin translation was published at Rome in 
1730), wc learn that the most n.-mote epoch of iheChinesc 
chronology docs not surpass the first year of GucMic- 
wang, or 424 years before our vulgar era. And this 
opinion is confirmed by the practice of two of the most 
approved historians of China, who admit nothing in(p their 
histories previous to this period. 

The Chinese, in their computation, make use of a cycle 
of 60 years, c.allcd kia-lsc, from the name given to the 
first year of it, which serves as the baris of their whole 
chronology. Every year of this cycle is marked with two 
letters which distinguish it from the others; and all the 
times of the emperors, for upwards of 2000 years, have 
names in history common to them with the corresponding 
years of the cycle, Philos. Trans. Abridg. vol. 9, pa. 343- 
According to M. Trcnl, in his Essays, the Chinese date 
the cpocha of Yao, one of their first emperors, about the 
year 2145, or 2057, before Christ; and they reckon ihiU 
their first astronomical observations, and the composition 
of their calendar, preceded Yao 150 years : whence it b 
inferred that the era of their astronomical obsersatioDS 
coincides with that of the Chaldeans. But later authon 
date the rise and progress of the sciences in China from 
the grand dynasty of Tcheou, about 1200 years before 
the Christian era, and show that all historical relations of 
events prior to the reign of Yao arc fabulous. Mem. dc 
Tllistoirc dcs Sciences, &c. Chinois. vol. I, Paris 1776. 

The Hindu Chronology/, The Hindus employ, in their 
chronology, certain large periods, called Yoogs or Yergs. 
These are 4 in number, the last of which, called call yug,. 
or kalcc yug, is only now attended to, and began 3101 be¬ 
fore the Christian era. It comprehends within lithe fol¬ 
lowing, viz, 

The era of Bikrnmajit.which began 3045 years bcforcChrist, 

.Salabdn,.78 years after Christ, 

.Bengal, not strictly Hindu, cycle of 60 yean*. 

the present began 1807 of Christ. 

Their solar-sidereal year contuins 365* 6^ 12”* 30*, ana 
their tropical year 365* 5'* 50"* 35*. They diviile the 
zodiac into 28 lunar, and into 12 solar constelliilions or 
signs; and their astronomical year commences when the 
sun arrives at the first point of Aries. The length of their 
months is determined by the time emplojed by the sun in 
passing through each sign, ond they nrc accordingly longer 
in the apogee, and shorter in the perigee; that which cor¬ 
responds with the higher apsis being 31* 14^ 39"»nnd that 
with the lower 29* S'* 21“*. For civil purposw, they count 
the days by the age of the moon that happens to fall within. 

' each month, and often from ihcsimple phase of the moon. 
Their fasts and festivals, like those of the Jews and Chris- 
tfans, being regulated by the lunar revolutions, they th^™* 
fore employ a lunar year. This they make to consist of 
12 months, of 30 lunar days, or each semi-lunation of la 
days, which arc somewhat shorter thaatho natural day. 
The commencement of the solar day is counted from sun¬ 
rise, and the interval till the iie.xt sun-rize, is divided info 
60 wjnal parts, each equal to 24 of our minutes. The 
subdivisions also follow the sexagesimal scale., 

The days of the week are denominated from the planets, 
as with the Europeans, and their arrangement is tlie »me 
also, proceeding from the sun and moon, to Mars, Me^ 
cory, Jupiter, Venus, and Satui^. Friday, or Venus* 
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day, appears as the first of the week in their calculations, 
and probably because the call yug began on that day; but 
in common, the week is considered by the Hindus as be* 
ginning with Sunday. From the view of their astronomy 
and chronology’, they appear to be quite astrological; and 
they further appear to be the parents or originals of those 
of the Europeans and other nations. 

For more particular information, see the Philos. Trans. 
Abridg. vol. l6, p. 742, and vol. 17, p. 250. 

Babylonian, Egyptian, and Chaldean AnnaU. Tliese, M. 
Gibert has attempted to reduce to our chronology, in a 
letter published at Amsterdam in 1743. He begins with 
showing, by the authorities of Macrubius, Eudoxus, Varro, 
Diodorus Siculus, Pliny, Plutarch, St. Augustin, Chre, 
that by a year, the ancients meant the revolution of any 
planet in the heavens ; so that it might consist sometimes 
of only one day. Thus, according to him, the solar day 
was the astronomical year of fhe Chaldeans ; and so the 
boasted period of 473,000 years, assigned to their obser¬ 
vations, is reduced to 1297 years 9 months; the number 
of years which, according to Eusebius, elapsed from the 
first discoveries of Atlas in astronomy, in the 384th year 
of Abraham, to the march of Alexander into Asia in the 
year 1682 of the same era. And the 17,000 years added 
by Berosus to the observations of the Chaldeans, reduced 
in the game manner, will give 46 years and 6 or 7 months; 
being the exact interval between Alexander’s march, and 
the first year of the 12dd Olympiad, or the time to which 
Berosus carried bis history. 

Epigenius ascribes 720,000 years to the observations 
picservcd at Babylon ; but these, according to M. Gibert's 
system, amount only to 1971 years 3 months; which 
differ from Callisthenes’s period of 1903 .years, allotted 
to the same observations, only by 68 years, the period 
elapsed from the taking of Babylon by Alexander, which 
terminated the latter account, and to the time of Pto¬ 
lemy Pbiliidclphus, to which Epigenius c.xtendcd his ac¬ 
count. 

77«e Newtonian Principle of Chronology. Isaac New¬ 
ton has shown, that the chronology of ancient kingdoms is 
involved in the greatest uncertainly; that the Europeans 
in particular had no chronology before the Persian em¬ 
pire, which commenced 536 years before the birth of 
Christ, when Cyrus conquered Darius thcMcdc: that the 
antiquities of the Greeks are full of fables, because their 
writings were in verse only, till the conquest of Asia by 
Cyrus the Persian; about which time prose was intro¬ 
duced by PherecidesSyrius and Cadmus Milesiiis. After 
this time several of the Greek historians introduced the 
compuution by generations. The chronology of the Latins 
was still more uncertain ; their old records having been 
burnt by the Gauls 120 years after the expulsion of their 
kings, or 64 years before the death of Alexan<lcr the Great, 
answering to 388 before the birth of Christ. The chrono- 
logers of Gaul, Spain, Germany, Scythia, Sweden, Britain, 
and Ireland, arc of a still later date. For Scythia, beyond 
the Danube, had no letters lill Ulphilas, their bishop, ' 
formed them, about the year 276. Germany had none till 
It received them from the western empire of the Latins, 
aUjut the year 400. The Huns had none in Uic days of 
1 rucopius, about the year 526. And Sweden and Norway 
received them still later. 

Newton, after a general account of the obscurity and 
defeejs of the ancient chronologj’, observes that, though 
many of Aboaucients computed by successions and gcac« 


rations, yet the Egyptians, Greeks, and Latins, reckoned 
the reigns of kings equal to generations of men, and three 
of them to a hundred, and sometimes to 120 years; and 
this was the foi'iidation ot their technical chronology, lie 
then proceeds trom the ordinary course of nature, and a 
detail of historical fact>, to show llic difference between 
reigns and generations ; and that, iliough a generation from 
father to son may at an average be reckoned about 33 
years, or three of them equal to 100 years, yet, when they 
are taken by tbe eldest sons, three of them cannot beesti- 
maU’d at more than about 75 or 80 years ; and tlic n-igns 
of kings are still shorter; so that 18 or 20 years may'be 
allowed a just medium. Sir Isaac then fixes on four re¬ 
markable periods, viz, the return of the lleraclidx into 
the Peloponnesus, the taking of Troy, the Argorautic ex¬ 
pedition, and the return of Sesostris into Egypt, afti r his 
wars in 'I’hrace ; and he settles the epoch of each bv the 
true value of a generation. To instance only his estimate 
of that of the Argonautic expedition; Having fixed the 
return of the Heraclidie to about the 159th year after the 
death of Solomon, and the destruction of Troy to about 
the 76lh year after the same period, he observes, that Her¬ 
cules the Argonaut was the father of Hyllus, the father of 
Clerdius, the father of Arislomachus, and the father of 
Arislodcmus, who conducted the Heraclid® into Pelopon¬ 
nesus; so that reckoning by the chief of the family, their 
return was four generations later than the Argonautic ex¬ 
pedition, which therefore happened about 43 years after 
the death of Solomon. Tliis is further confirmed by an¬ 
other argument: .<Esculapius and Hercules were Argo¬ 
nauts; Hippocrates was the ISth inclusively from ihelor- 
mer by the father’s side, and the 19lh from the latter by 
the mother’s side: now’, allowing 28 or 30 years to each 
of them, the 17 intervals by the father, and the 18 inter¬ 
vals by tbe mother, will on a medium give 507 years; and 
these, reckoning back from the coinmencomenl of tbe Pe¬ 
loponnesian war, or the 43l5t year before Christ, when 
Hippocrates began to flourish, will place the Argonautic 
expedition iu the 43d year after the death of Solomon, or 
937 years before Christ. 

The other kind of reasoning, by which Newton endea¬ 
vours to establish this epoch, is purely astronomical. The 
sphere was formed by Chiron and Mussus, for the use of 
the Argonautic expedition, us is plainly shown by several 
of the asterisms referring to that event: and at the lime of 
the expedition the cardinal puinus of the equinoxes and 
solstices were placed in the middle of the constellations 
Aries, Cancer, CheltC, and Capricorn. This point is esta¬ 
blished by Newton from the consideration of the ancient 
Greek calendar, which consisted of 12 lunar months, and 
each month of 30 days, which required an intercalary 
month. Of course this luni-solar year with the intercalary 
month, began sometimes a week or two before or after 
the equinox or solstice; and hence the first astronomers 
were led to the before-mentioned disposition of the equi¬ 
noxes dnd solstices: and that this was really the case, is 
confirmed by the testimonies of Eudoxus, Aratus, and 
Hipparchus. Upon these principles Sir Isaac proceeds to 
argue in the following manner. In the end of the year 
1689 the star colled the Prima Arietis, was in V 28® 51', 
with north latitude 7® 8' 68"; and the star colled the 
Ultimacauda; Arietis was in B 19® 3'42", w ith north la¬ 
titude 2® 34'5" ; consequently the equinoctial colure at 
this time cut the ecliptic in B 0®44'; and by this he 
reckons that the equinox had then gone back 36®44' since 
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llii- lime of llie Aruonaulic expedition. But it recedes 50 
in tt year, or 1® in 7‘2 years, and consequently 44 in 
;j 645 years ; and ilns, counted backwards from the begin¬ 
ning of Ibyo, will place tbis expedition about 25 years 
alter tlie dendi of Solomon. But as there is no necessity 
for allowing that the middle of the constellations, accord¬ 
ing to the general account of the ancients, should be pre¬ 
cisely the middle between the prima Arictis and ultima 
Cauda*, our author proceeds to “ examine what were those 
stars through which Eudoxus made the colures to pass in 
the primitive sphere, and in this way to fix the position of 
the cardinal points.” Now from the mean of five places 
he finds, that the great circle, which in the primitive 
sphere, described by Eud<»xus, or which at the time of 
tlie Argonautic expedition was the equinoctial colure, did 
in the end of 1689 cut the ecliptic in b 0® 2if 15 . . In 
the same manner our author determines that the mean 
place of the solstitial colure is it 6® 28' 46and as it is at 
right angles with the other, he concludes tliat it is rightly 
drawn. And hence he infers that the cardinal points, in 
the interval between that expedition and the year 1689, 
have receded from those colures 1*6® 2y; which, allow¬ 
ing 72 years to a degree, amounts to 2627 years; and 
these counted backwanls, as above, will place the Argo- 
nautic expedition 43 years after tlie dentl, of Solomon. 
Our author has, by other inelhods also of asimilar nature, 
established this epoch, and reduced the age of the world 
500 years. . 

This elaborate system has not escaped censure; Mess. 
Frcret and bouciet having both attacked it, and on much 
the same ground: but the former has confounded rcigtis 
and generations, wfiich are carefully distinguished in this 
system. 'I’hc astronomical objections of both have been 
answered by Sir Isaac Newton himsclt, and by Dr. Halley. 
IMiilos. Trans, abr. vol. 7, pa. 172. I 9 I ; Newton's Chro- 
nol. ch. 1. 

CM llONOM ETER, is any instrument or machine used 
in measuring time; such as dials, clocks, watches, iStc. 

The term is however more particularly used for a kind 
of clock, so contrived as to measure a small portion of 
time, even to the l6th, or the 40th part of n second; one 
of this latter kind 1 have seen, made by an ingenious ar¬ 
tist; but it could not be stopped to the 10th part of the 
proposed degreu of accuracy. There is a description of 
one also in Desagulicr’s Experimental Philosophy, invent¬ 
ed by.the late ingenious Mr. George Graham; which 
might be of great use for measuring small portions of time 
in astronomical observations, the lime of the fall of bodies, 
the velocity of running waters, 6(C. But long intervals 
of time cannot be measured by it with sufRcicnt exact¬ 
ness, unless its pendulum be made to vibrate in n cycloid; 
for otherwise it is liable to err considerably, as is the case 
- of all clocks with short pendulums that swing in large 
arches of the circle. 

Various other contrivances, besides clocks, have been 
used for measuring time for some particular purposes. 
Sec a musicaP chronometer described in Malcolm’s Trea¬ 
tise of Music, pa. 407< The excellent watches that have 
lately been made, for the purpose of finding the longitude, 
by the ingenious artists, Harrison, Arnold, Mudge, Emery, 
Hardy, &c, arc sometimes called chronometcrs,,also lime- 
keepers. 

CHRONOSCOPE, a word sometimes used for a pen- 
dbluin, or machine, to measure time. 

CHHYSTALUNE. See Caystallik*. ' 


CIMA, or Sima, in Architecture, a member, or nmuld- 
ing, called also ogee, and ctmalium. 

CINCTURE, in Architecture, is a ring or list around 
the shaft of a column, Hi its top and bottom. 

CINTRE, in Building, the same as Centre; which see. 

CIPHER, or Cifpher, one of the numeral cbaracieis, or 
figures, thus formed 0 . The word comes from the Hebrew 
saphar, to number. 

Tlie cipher of itself signifies nothing, or implies a pri¬ 
vation of value; but when combined with other numeral 
characters, it alters their value in a tenfold proportion, 
for every cipher so annexed; viz, when set after a figure 
in common integral uritlimciic, it iiicrease-a its value in 
that proportion, though it has no effect when placed be¬ 
fore or to the left-hand side of such figures; but on the 
contrary, in decimal arithmetic, it decreases their value in 
that proportion when set before the figures, yet makes no 
alteration in their value when placed after them. 

Thus, 5 is live, 
but 50 is fifty, 
and 500 is five hundred ; 
whereas 05, or 005, &c, is still but 5 or five. 

Also *5 is five tenths, 
but *05 is five hundredths, 
and ‘005 is five thousandths ; 
whereas *50, or '.500, &c, is still but ‘5 or five tenths. 

The invention and use of the cipher, as in the common 
arithmetic and notation of numbers, is one of the happrcsl' 
devices that can be imagined ; and is ascribed to the In¬ 
dians, by the Arabians, by whom it was made known to 
Europe at the revival of literature. 

CIRCLE, a plane figure, bounded by a curve line which 
returns into itself, called Its circumference, and.which is 
etfCry where equally distant from a certain point within, 
called its centre. The circumference or periphery itself, 
is sometimes culled the circle, but improperly, as that 
name denotes the space contained within the circumfer¬ 
ence.—A circle is described with a pair of compasses, 
fixing one foot in the centre, and turning the other round 
to trace out the circumference. 

The circumference of every circle is supposed to be 
divided into 360 equal purls, called degrees, and marked 
®; each degn e into 60 minutes or primes, marked'; each 
minute into 60 seconds, marked "; and so on. So 24® 12* 
J5" 20 "', is £4 degrees 12 nunulcs 15 seconds and 20 

thirds. 

Circles have many curious properties, some of the most 
iroporiaitl of which an* the following. 

1 . The circle is the most capacious of all plain figures, 
or contains the greatest area within the same perimeter, 
-or has the least perimeter about thcsoine area; being the 
limit and last of all regular polygons, having the number 
of its sides infinite, 

2. The area of a circle is always* less than the area of 
any regular polygon circumscribed about it, and its Cir¬ 
cumference always l^s than the perimeter of the polygon. 
But on the other hand, ib area is always greater than that 
of its inscribed polygon, and its circumference greater 
than the perimeter of the said inscribed polygon. How¬ 
ever, the .orea and perimeter of the circle approach al¬ 
ways nearer and nearer to those of the two polygons, as 
the number of the sides of these is greater; the circle being 
always limited between the two polygons. 

3 . The area of a circle is eq^ial to that of a triangle 
whose base is'equal to the circumference, and pcrpciidi* 
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uTar €qual to the radius* Aud thcrefori.' tiic area of the 
circle is found by multiplying half the circumference by 
half the diameter, or the whole circumference by the whole 
diameter, and taking tbc 4th part of the product; as de¬ 
monstrated by Archimedes. 


4. Circles, like other simiTar plane figures, are to one 
another, us the squares of their diameter^. And the area 
of the circle is to the square of the diameter, as 11 to 14 
nearly, as proved by Archimedes; or as *7854 to 1 more 
nearly ; or still more nearly as 
7853y8l0'33,97448;iOy6t,5b6O8458l9,875721O492, 
9234y84377,0‘455243736,148O76’9341,O157l55224, 
9C57008706‘,33552926()9,9553702162,S3I 8076661, 
7734611 -h to 1; 

as it bus been found by modern mathematicians. 

In Wallis's Arithmetic of Inhiiites are contained the first 
infinite series tor expressing the ratio of a circle to the 
squaic of its diameUT: viz, 


1st, The circle is to the square of its diameter, 

as 1 toN 

i2x4x4x6x6x(ta:c^r discovered bv 


or 1 to - 
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Sir I. Newlon; eras I — | | | | — Vr&c Jo 1, by 

Gregory and Leibnitz ; and a gn-at many other forms of 
series have been invented also by other authors to express 
the same ratio between the circle and circumscribed square* 
5. The circumferenci*s of circles arc one to another, as 
their diameters, or radii. lienee, as the areua of circles 


are proportional to the rectangles of their radii and circum* 
ferences; the quadrature of the circle will therefore be 


effected by the rectification of its circumference; that is, 
if the true length of the cirenmfereficc could be found, the 
true area could be determined also* But while several 


maihcniaticians have endeavoured to investigate the true 
area and circumference, others have even doubted of the 
possibility of the same* (jf this latter opinion is Dr. Isaac 
Barrow: towards the end of Ids 15th mathematical lecture 
tic says, lie is of opinion, that the radius and circumference 
uf a circle*, are lines of such a nature, as to be not only 
incomrnensuiablc in length and square, but even in length, 
square, cube, biquadrate, and all other powers to infinity: 
for, Continues he, the side of ilic inscribed square is in¬ 
commensurable CO the rudius, and tbc square of the side 
of the inscribed octagon is incommensurable to the square 
of the radius; and consequently the square of the octago¬ 
nal perimeter is also incommensurable to tbc square of the 
radius; and thus the ambits of all regular polygons, in¬ 
scribed in a circle, may have their superior powers incom¬ 
mensurate with the co-ordinate powers of the radius; 
whence the last polygon, that is, the circle itself, appears 
to have its periphery incoiunioDsuratc with the radius; 
wlijcli, if true, will pul a final stop to the quadrature of 
the circle, since the ratio of the circumference to the ra- 
diiu is altogether inexplicable from the nature of the thing, 
and consequently the problem requiring the explication of 
such a ratio, is impossible to be solved, or rather it requires 


that for Its solution which is impossible to b< aj>|irclu*n(led. 
lie concludes by obbirving ihai tliis gr<ul m)^tvr) cannot 
be ex plumed in a lew woid>: bul if time and oppoit unity 
had peniuttt'd, he w*ju1iI have endeavoured to produce 
mhii) things for the elucidation and confirmation of tliib 
conjecture. Newlon al'^o, in b<Jok 1 of lud Pnneipia, has 
attempted to deinon^stiuti the iinjiosiihiljty of the general 
quadrature of oval figures, by llu Je^t riptiou pf u ^pi^al, 
aii<l likewise the impussibility ol dcU'rn.miniZ, \>y a firuti* 
equation, the intersections of that oval and spiral, which 
must be ibe case, il llie oval be quad?able. And several 
other authors have attempted to deinonstrule the iinp<>ssi- 
bility of the general quadrature of the circ le bv ans n*ean> 
whatever. On the other hand, man) njallumadciiiris m t 
only believe in the possibility of the quadrature i>f the cir¬ 
cle, but some have even professed to Inive discovered the 
sarue, and have published to the world their pretended dis¬ 
coveries: of which no one has rendered himself more con¬ 
spicuous than our countryman Mr. Hobbes, though a great 
scholar, and of excellent undeistandiiig in other matters* 
See Quadk.vtviie* 

The ap[)roximntc quadrature of the circle however, or 
the determination of the nttio helweeii the diameter and 
the circumference, is vvliat the luuihemaiirians of all ages 
have successfully attempted, and with different degrees of 
accurac), according to the im|)rovcd slate of science. 
Arciiimedes, in his book de Dinieiisione Ciiculi, first gave 
a near value of that ratio in small numbers, being that of 
7 to 22, which are $(iM used as very convenient numbers 
for this purpose in common measurements. Other and 
ncaier ratios have since been sueci‘S$ivcly assigned, but in 
larger numbers, 

as lOG'to 333, 
or 113 to 355, 
or 1702 to 5347, 
or 1515 to 5702, A:c, 

which arc each nrorc accurate tl»an the foregoing: and 
veral of these same ratios, as well as ethers, liave lately 
been found in the mathematical books of the Hindus, ac¬ 
counts of winch muy bo seen in my Tracts, vol pa. I5S, , 
*&c« \ ietajn his Univcrsalium In'^]>cctionum ad Canonuin 
iMatbcmaticum, published ]579i hy means of the inscribed 
and circumscribed polygons of 393216 sides, has carried 
the ratio to ten place's of figures* sliowing tliat if the dia¬ 
meter of a circle be 1000 Ccc, the circumiciencc will be 
greater than 314,159,265,35, 
but less than 314,159,265,37* 

And Van Colen, in his book De Circulo ot Adscriptis, has, 
by the same means, carried (hat ratio to 36 places of fi¬ 
gures; which were also recomputed nnd confirmed by 
\\illcbrord Snell* After these, that indelatigablecomputer 
Mr* Abraham Sharp extended the ratio to 72 places of 
figures, ill a paper, published about the year 1706, by 
means of the series qf Dr. Halley, from the lungent of an 
arc of 30 degrees* And the ingenious Mr. Mnchin also 
carried the same to a hundred places, by other series, do* 
pending on ihe difference's of arcs whose tangents have 
certain relatious to one another* See this method explain¬ 
ed in my Mensuration, pa. 89> ^ih edit.; or my new Tracts, 
vol. 1, pa* 266. And, finally, M* De Lagny, in the Me- 
moiresde I'Acad* 1719i by mc^ans of the tangent of the arc 
of 30 degrees, has extended the same ratio to the astonish¬ 
ing length of. 128 places of figures; finding, that, if ihe 
diameter be 1000 the circumference will bo 
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31415,92653,58979.32384,62643,38327^5028, 
84197,16939.93751,05820,97494,45923.07816, 
40628.62089,98628,03482,53421,17067,98214, 
80865,132/ 2,30664,70938,446 -t- or 447 — 

From such methods as the foregoing, a variety of series 
have been discovered for the length of the circumference 
of a circle, such as the following, riz. If the diameter be 
!, the circumference c will be variously expressed thus, 

c=,/12« 

c = 8 * ( 
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the segments vz, zw. So that if </de¬ 
note the diameter vw, x the absciss 
vz, and y the ordinate zx ; then is 
—z) * X or = dx —X*; which 
is called the equation of the circle. 


^c), 

9J* 


1 
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1 
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1 . 9 .5 


&C). 


1.3 1.4.5 3.4.6.7 14.6.9.9 

And many other series might here be added. See my 
Mensuration in several places; also niy paper on such sc¬ 
ries in the Philos. Trans. 1776, or my new Tracts, vol. 1, 
pa. 268; Euler’s Inlroductio in Analysin Infinitorum; and 
many other authors. 

6. Some of the more remarkable properties of the cir¬ 
cle arc as follow; 

If two lines ad, cd cut the circle, 
and intersect within it, the angle of in¬ 
tersection E is measured by half the 
sum of tlie intercepted arcs ac, dd. 

Hut if the lines intersect without the 
circle, the nngic E is measured by half 
the difference of the intercepted arcs 
AT, DD. 

7. The angle at the centre of a cir¬ 

cle is double the angle at the circum¬ 
ference, standing on the same arc; 
and all angles in the same segment arc 
equal. Also the angle at the centre is 
measured by the arc it stands upon, 
and.the angle at the circumference by 
half the same arc. ' 


8. If the chords to, ni intersect 
each other at right angles, the sums of 
the opposite arcs are equal; viz, rit 4 - 

ct ss EI -t- CU. 



9. If one side no of a trapezium in¬ 
scribed in a circle be produced out, 
the external angle LOr, will be equal 
to the internal opposite angle m. 


10. Any angle, as rqs, formed by 
a tangent qr and chord qs, is mea¬ 
sured by half the arc of the chord qs, 
and is equal to any onglc t in the al¬ 
ternate segment QTS. 

11. if vw be a diameter, and xzY a chord perpendi¬ 
cular to it; then is xz or z V a mean proportional between 





The chord vx is a mean proportional between the dia¬ 
meter vw and the versed sine vz; and the chord wx is a 
mean proportional between the diameter and the versed 
sine wz; also e.ich versed sine is proportional to the square 
of the corresponding chord ; viz, vz : wz :: vx* : wx*. 

12. If the diameter pq be divided 
into two parts at any point n; and if 
RS bo drawn perpendicular to pq, also 
RT applied equal ti» the radius, and tr 
produccrl to the circumference at v: 

Then, between the two segments PH, RQ, 

HT is the nrilhmctical mean, 

RS is the geometrical mean, 

Rv is the hannonial mean. , 

13. When two lines cut the circle, whether they inter¬ 
sect within the circle, or without it, as in the two figures 
to article 6, the segments between the common intersec¬ 
tion and the two points where each line cuts the curve, 
are reciprocally proportional, and their rectangles arc 
equal; viz, ea : EC : : r.D : ed, 

or EA X ED = EC X ED. 

14. In a trapezium inscribed in a 
circle, the rcctansle of the two diago¬ 
nals is equal to the sum of the two 
rectangles contained by each pair of 
opposite sides; viz, ac x dd=ae x 
DC AD X DC. 


15. It any chords sr, eg, drawn 
from the same point B in the circum¬ 
ference, be cut by any other line iii, 
the rectangles will be all equal which 
are contained by* each chord and the 
part intercepted by this line, viz, ep x 
E l S EC X su = EK*. 



16. In a circle whose centre is n 
and radius no, if two points m, f, in 
the radius produced, he so taken that 
the three, KM, no, nf, bcin continued 
proportion ; then if from the points m 
and F lines be drawn to any, or every 
point in the circumference, as q ; these lines will be always 
in the given ratio of mo to fo; or mq : fq : : mo : Fo. 

17. If vw be two points in. the digmeter, equidistant 
from the centre t ; and if two lines bo 
-drawn from these to dny point x in the 
circumference; the sum of thcirsquarcs 
will be equal to (ho sum of the squares 
of the segments of the diameter made 
by cither point; viz, vx* + wx* = 

RV* '*♦ V8*, or 5= nw* ws‘, or = 2rt* ■<- 2vt*. 

18. If a line fe perpendicular to the diameter ab, 
meet iny other chord cd in the pbint z; then is af * fb 
=: cx X ED '■*' XF*. 
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19 . If upon the (iiarncter 011 of a —J 

circle there be formed a rectangle ^ /\ 

GHKi, whose breadth or or 11 k h equal ^ / 

to CL or II L, the chord of a quadrant, . 0\. J 

or side of the inscribed square; then if 
from I and k lines be drawn to any ^ ... 

point M in the circle cm 11 , they will 
cut the diameter on in such a manner that co^ 


HK* 



20» If the arcs pq« qr, 6cCy 
be equal, and there be drawn the 
chords PQ, PU, PS, pt, then it 
will be PQ : PK : : PR : pq PS : : 

PS : PR PT :: Pt : PS pv, &c. 

21. The centre of a circle being 0 , and r a point in 
radius, or in the radius produced; if the circumference 
be divided into as many equal parts ab, bc, cd, as 
there arc units in 2 n, and lines be drawn from p to all the 
points of division; then shall the continual product of all 




the alternate lines, \'\z, pa * pc x pl &c bo ^ r**— x*' 
%vhcn P is within the circle, or when ? is with* 

out the circle ; and the product of the rest of the lines, 
viz PB X pi> X pp &c ^ x"; where r = ao the radius, 
and xsop the distance of p from the centre. 

22. To divide a circle into 
any number of equal parts, by 
means of concentric circles.*-^ 

ADB being half thegi^en circle, 
divide its radius ac into the like 
number of parts; at Uie puinu 
of division erect the perpen* 
ilicular od, be, meeting the semicircle in the 

points d, <, /, &c. Lastly, from the centre c, describe 
circles through the points d, e\f, &c, and these will di* 
vide (he space in the manner required, either alt equal, 
or in any, ratios as the radius ac is first divided into. See 
my Tracts, vohS, p.376f &c. ^ 

23* A circle may thus be divided into any number of 
parts that shall be equal to one another both in area and 
perimeter. Divide the djametcr 
Q a into the same number of equal 
parts at iHc points s, r, v, &c; 

(hen, on one side of the diameter 
describe semicircles on the diamc- 
u*rs gs, gr, gv, and on the other 
side of it describe R*micircles on 
nr, ar, na; so shall the parts 1 7 , 

3 5, 5 3,7 I 0 be all equal, both in an*a and perimeter. See 
iny TracU, vol, I, p, 254. 

24. To dacribc a Circle either about or yoUhin a given 




Regular Polygon, Bisect two of its angles, or two of its 
side's, with perpendiculars, and the intersection of tlic 
bisecting lines ivill, in either casr*, be the centre of the 
circles. 

Parallel, or Gmcc/itricCi rclls, arc such as are equally 
distant Irom each other in every point of their peripheries ; 
or that have the same centre. As, on the other hand, 
tb.ose are called the cxcentric circles, that have not the 
same point for their centres. 

The Quadrature of Mr Circle, is the manner of de* 
scribing, or assigning, a square, whose surface shall be per* 
fecUy equal to that of a circle. 1 liis proble m lias oxer- 
cised the gcomc-lriciaoj, of all agi-s, but it is now gent-rally 
abandoned as a problem impossible- to be gfftctcdrby most 
persons that have any just claim to that rank, Descartes 
insisu on the .impossibility of it, for this reason, that a 
right line and a circle being of different natures, ihcie 
can be no strict proportion between them ; which is not 
satisfactory. Dr. Barrow shows the strongest probabilitv 
of the same thing; and not only that the diameter and 
circumference themselves, but that ail powers of them to 
infinity, are incommensurate. 

The Emperor Charles V offered a reward of 100,000 
crowns to any person who should resolve this celebrated 
problem: and the States of Holland also proposed a re* 
ward for the same thing. See Qu.vDaATUKE. 

Circles of the iiigher Orders^ 
arc curves in which 

WY” : TZ® : : Yz : v.x, 

or WY® : YZ® : : y-z“ : vx". 

When m and n arc each equal 
to I, then WY : yz ; : yz : yx, which is the property of 
the common circle.. 

Put WY ^x, YZ =y, wx =a; then is YX = a —x, 
and the above proportions become 

. m+l tn 

X :y : ry : (a — x) ory =: i . (c — x) and 
rn m n . . n m+n in h 

X :y ::y :(rt — x) , ory =s x . («—x) , the 

equations to curves of this kind. 

Curves di fined by this cr^aution will be ovals when m 
18 an odd number. 'I'hus suppose ra = i, then the equa¬ 
tion becomes y' = x. (o — x), or ax -. x*, the equation 
to the common circle. And if r»=:3, the equation is 
y'=sx*. (o—x) or ar’— x4, which denotes a curve of 
the form ab, the first fig. below. 

K\ 


' 

A 


But when m denotes nn even number, the curve will 
have tvvo infinite legs. So if rn » 2 , the equation becomes 
y* s= I . (a — j), or ox* — i-*, for a circle oif the 2 d order, 
and which defines one of Newton's defective hyperbolas, 
being bis 37lh species of curves, whoso dsymptoto is the 
right line ef, making an angle of 40 degrees with the ab¬ 
sciss AB, as in the 2d fig. 

_ CiRCLB of Ourvature, or circle of cqui-curvaiuro, is that 
circle which has the same curvature with a given curve nt 
a certain point; or that circle whoso radius is equal to the 
radius of curvature of the given curve at that point. 
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A circular arc is the only cnrve line that is equally of the heavens, in their apparent diurnal rotation abont 


curved in every point, in all other curve lines, such as 
the arc of an ellipse, or a purubola. or an hyperbola, or a 
cycloid, the curvature is dilhreiit in different points, and 
tlie degree of curvature in any point is estimated by the 
curvature of a circle which is said to have the same curva* 
ture as the proposed curve line in that point; by which is 
understood the circle which, having the tangent of the 
projioscd curve in llie said point for its tangent, approaches 
so nearly to the proposed curve that no othcrcirclc what¬ 
ever call be drawn between it and that curve. 

This circle is also said to osculate the curve in the said 
point, and is therefore often called the osculating ci>c/e,as- 
well as (he circle of equal airvature with the curve in that 
point. And the radius of this circle is called the radiusof 
curcatuie of the proposed curve in the said point; also its 
centre is called the centre of cun>a/Hr«. 

Now there arc sonic curve lines so very highly curved 
in particular points, that every circle, of how*small a ra¬ 
dius soever, having the tangent to the curve in one of those 
points for its tangent, will pass without the curve, or be- 
Iwci n llie curve and its tangent. I’his, for example, is 
the ease with the curve of a cycloid in the two points 
contiguous to its base, as also with the cissoid at its vertex. 
And in such points the curvature of these curves is said 
to he inyinire, because it is greater than the curvature of 
liny circle, how small soever. Also the radius of the circle 
of curvature in such points is nothing; the length of that 
radius being always inversely or reciprocally as the de¬ 
gree of curvalurc at any point. 

The theory of these circles of equal curvalurc with 
curves in particular points was first cultivated by Apol¬ 
lonius in his Conic Sections : and it has since been carried 
much farther by several sreat mathematicians of modern 
times; particularly by Mr. Huygens in his doctrine of 
livolute Curves and Curves of Evolution, and by the great 
Sir Isaac Newton. Sec Curvature. 

Circles 0 /r//e Sphere, are snch as cut the mundane 
sphere, and have their circumference in its surface. 

These circles are either fixed or moveable. 

The latter arc those whose peripheries arc in the move¬ 
able or revolving surface; and which therefore move or 
turn with it; os the meridians, &c. The iormcr, having 
their periphery in the immoveable surface, do not revolve; 
as (he ecliptic, equator, and its parallels. 

The circles of the sphere arc either great or lesser circles. 

A (treat Circle of the Sphere, is that which divides it 
into twoequal parts orhemisphcrcs, having the same centre 
and diameter with it. As the horizon, meridian, equator, 
ecliptic, the colurcs, and the azimuths. 

A Lesser Circle of the Sphere, divides the sphere into 
two unequal parts, having neither the same centre nor di¬ 
ameter with the sphere; its diameter being only some 
rliurd of the sphere less than its axis. Such are the pa¬ 
rallels of latitude, &c. 

Circles qf AliUttde, or Atmucanian, are lesser circles 
parallel to the horizon, having their common pole in the 
zenith, and still diminishing as they approach it. They arc 
so called from their use, which is to show the altitude of 
a star above the horizon. 

Cinci.ES of Declination, are great circles intersecting 
each other in the poles of the world. 

Circle of Dissipation, in Optics. See Dissifatioit. 

Diurhal Circles, arc parallels to the equinoctial, sup¬ 
posed to be described by die several stars, and other points 


the earth. 

Circle Equant, in the Ptolemaic Astronomy, is a c ircle 
described on the centre of the equant. Its chief use is, to 
find the variation of the first inequality. 

Circles <f Excursion, are lessor circles parallel to the 
ecliptic, and at such a distance from it, that the excii nions 
of the planets towards the poles of the ecliptic, may be in¬ 
cluded within them; being usually fixed at about 10 d egrees. 

It may here be observed, that all the circles of the 
sphere, described above, are transferred from the bravens 
to (he earth : and thence come to have a place in geo¬ 
graphy as well as in astronomy : all the points of each 
circle being conceived as let full perpendicularly on the 
surface of the terrestrial globe, and thus tracing out circles 
perfectly similar to them. So, the terrestrial equator is a 
circle conceived preci-ely under the equinoctial line, which 
is in the heavens; uiul so of the rest. 

Horary CiRCi.FS, in Uiolling, arc the lines which show 
the hours on dials. 'I'bese are straight lines on the dials, 
but called circles us being the projections of the meridians. 

i/orory Circle, or Hour Circle, on the globe, is astnttll 
brazen circle fixed to the north pole, divided into 24boilTi, 
and furnished with un index to point them out, thereby 
showing the ditfercncc of meridians in time, and serving for 
the solution of many problems, on the artificial globes. 

Circle of illumination, is that imaginary circle on the 
surface of the earth, which separates the illuminated side 
or hemisphere of the earth from the dark side: and all 
lines parsing from the sun to the earth, being phyiically 
parallel, are therefore perpendicular to the plane of this 
circle. 

Circles qf Latitude, or Secondaries qf the Ecliptic, are 
great circles perpendicular to the plane of the ecliptic, in¬ 
tersecting each other in its poles, and passing through 
every slur and planet, &c.—These ure so called, becauK 
they serve to measure the latitude of the stars, which is 
an arch of one of these circles, intersected between the 
slur und the ecliptic. 

Circles qf Longitude, arc lesser circles parallel to the 
ecliptic, diminishing more and moie us they recede from 
it, or as they approach the pole of that circle. 

They arc so called, because the longitudes of the stars 
arc reckoned upon them. 

Circles qf Perpetual Apparition, one of the lesser cir¬ 
cles parallel to the equator, described by the most north¬ 
ern point of the horizon, as the sphere revolves round by 
its diurnal motion.—All the stars included williin this cir¬ 
cle, arc continually above the horizon, and consequently 

never set. . . 

Circle qf Perpetual Oceultafion, is another leaser cirde 
at a like distance from the equator, but on the other side 
of it, being described by the most southern point of the 
horizon, and contains all those stars which never appear 
in our hemisphere, or which never rise. 

All other stars, being contained between these two ar- 
cles, do. alternately rise and set, at certain moments of the 
diurnal rotation. 

Polar CiRCLBS, arc immoveable circles, parallel to the 
equator, and at such a distance from the pole as is equal 
to the greatest declination of the ecliptic, which is now 
nearly 23“ 28'. That nc.xt iho northern pole is called the 
arctic, and that next the* southern ohe the antarctic. 

Circle! qf Positioifi are circles passing through the 
common intcrscclioos of the boriion and meridian, and 
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through any d^rec of the ecliptic, or the centre of any 
star, or other point in the heavens; and arc used for find¬ 
ing the situation or position of any star. These are usually 
6 in number, cutting the equinoctial into 12 equal parts, 

CIRCUIT, Electrical, denotes the course of the electric 
fluid from the charged surface of an electric body, to the 
opposite surface, into which the discharge is made. Some 
electricians at first apprehended, that the same particles of 
the electric fluid that were thrown on one side of the 
charged glass, actually made the whole circuit of the in¬ 
tervening conductors, and arrived at the opposite side: 
whereas Dr. Franklin's theory only requires, that the re¬ 
dundancy of electric matter on the charged surface should 
pass into those bodies which form that part of the circuit 
which is contiguous to it, driving forward that portion of 
the fluid which they naturally possess; and that the de¬ 
ficiency of the exhausted surface should be supplieil by 
the neighbouring conductors, which form the last part of 
the circuit. On this supposition, a vibrating motion is 
successively communicated through the whole len"th of 
the circuit. " 

Many attempts were made, both in France and England, 
at an early period in the practice of electricity, to ascertain 
the distance to which the electric shock might be carried, 
and the velocity bf its motion. The French philosophers, 
at different times, caused it to pass through circuits of 
9fW®nd even 2000 toises, or about 2 English miles and a 
half; and they discharged the Leyden phial throuoh a 
bason of water, whose surface was equal to one acre. 
M. Monier found that the fluid, in passing through an iron 
wire of 950 toises in length, did not spend a quarter of a 
Mcond; and that its motion was instantaneous fhrouoh a 
wire of 1319 f«t. In 1747. Dr. Watson, and other En¬ 
glish philosophers, after many expcTimcnls of a similar 
kind, conveyed the electric matter through a circuit of 4 
miles; and, from two several trials, they concluded that 
Its passage is insianlancous. By ail which doubtless is 
meant, that its motion is too rapid to be measured. Pricsl- 
le/s Hist, of Elect, vol. 1, p. 128, Svoedil. 

CIRCULAR, appertaining to a circle; as a circular 
form, circular motion, &c. 

Circular InunmeTUs^ReJUetion, or Mtdtiplyin^ Cir- 
arc tueb circles as, in a smali size, by rneans of re- 
Action, procure at pleasure ell the advantages of the siae 
of largo instruments, as vVell as diminishing the errors of 
division.—Circular instruments are in fact considerable 
improvements on Hadley's octant, and the marine sex¬ 
tant, devised for the same purposes. We shall here de¬ 
scribe the progress of these instrumenfs under the coiitrj- 
imnces of Tobias Mayer, Chevalier Borda, and Captain 
Mendoza. 

Mr. Mayer proposed to complete the limb of the sex¬ 
tant to a whole circle, with the horizon glass moveable 
round the centre, and with an additional Index, which 
may be called the horizon index, to distinguish it from’ 
me centre iudex, to which the centre glass is attached. 
This instrument it represented in plate 7, fig. 8; and the 
manner of using it is as follows: After the iudex a is set at 
0 (the beginning of the divisions) the two glasses are ren- 
ered parallel, a* m using Hadlc\''s quadrant, by moving 
c horizon index a, till the horizon of the sea (or the sun 
**^< 1 *°^ other object), or its dirct^ imago, and the doubly 
K ec od image of the same, seen through the telescope, 
mncide. After fixing the horizon index in that position, 
ht^centre index a is to be moved, in order to measure the 


distance of the two objects s and i. (suppov the <un mirl 
moon), by bringing into contact the double reflected mingc 
of the sun with the direct image of the moon, scon throu 'h 
the telescope. The centre image will then be at m. ^l7d 
the arch om might give, as in the sextant, the an^ulai di¬ 
stance required; but the construction of the circle ,.ii. 
ders It easy, in this position, to etlect again the paralU Iim , 
of the glasses, and to make another observation of tlie con- 
tact, in the like manner as from o; which operation will 
bring the centre index to y. The index will then give on. 
or double the distance; which divided by Z, reducc^ tie- 
enors of the instrument to one half. And it is obvion-. 
that by successive repetitions of the same process, tiipl.-, 
quadruple, &c, the distance may be obtained, and rli.’ 
said error further reduced, in the inverse latio of the mul¬ 
tiplication of the ilistance, to any ilegrce of upproxiinatio.i 
desired. 

The method of rendering the glasses parallel, bymeun^ 

of the horizon of the sea, is not accurate, on account, of 
the indistinctness of the images ; and when the sun \> 
.used for that purpose, the observation becomes fatiguin' 
to the eye. The repetition of that observation remained 
therefore a considerable inconvenience attached to this 
circle. The uuthor himself seems to have been aware of 
it, as he proposed to provide the instrument with a diago-. 
nal ruler, fixed on one of the indexes, so that the other 
index should touch it when the glasses wore parallel: but 
an adjustment of this nature must be subject to great er¬ 
rors, and never was adopted in practice. The chevalier 
Borda, wishing to remove that imperfection, contrived to 
render the parallelism of the glasses iinncctssarv, by sub¬ 
stituting the observation of the angular distance of the 
two objects, for that of the coincidences of the images of 
the same object. This constitutes the second great im¬ 
provement of the reflecting circle. 

In Borda's circle, the telescope is fixed at some distance 
from the centre, and the horizon glass is carried near the 
border of the instrument, as in plate 7. fig. 9. By this 
arrangement, the rays of light can arrive at the centre 
glass, both from the heavenly bodies situated to the right 
of the horizon index, as s', and from those situated to The 
left, as 8. Thus, if the glasses are parallel to one an- 
other, when the centre index is at o, it is obvious that 
there are two ways of making the observations. Wliile 
the direct image of the moon l is seen through the tele¬ 
scope, the angular distance to the sun, if at s, may be 
measured by moving the centre index to m, in order to 
produce the contact; or, if the sun be at s', the .umc opc- 

by using the contrary motion to 
m. I he first kind of observation, M. Borda calls obser¬ 
vation tothe left; and the second observation to the rinfit. 
Suppose how, that (the horizon index being fused inV 
same position) the distance from l to s«s observed to the 
left, by bringing into contact the double reflected imaerc 
of s with the image of l. K‘en wiihout reflection ; let us 
then turn the instrument lound, keeping it in the same 
plunc^ so as to have (lie direct image of s (hrough iLc (e- 
lcscopc» ftcul ihus make an obscrvulion of the same di- 
stance to the right; the position of the rentre index be¬ 
ing in the first observation at w, and in the second nl ni\ 

It IS clear, (bat if o belhe poinl where the parallelUm of 

6'®”^ lakes place, ow will be equal lo om', and Uiat 
the arch mm', determined by the two positions, will give 
double the distance.—It will be more convcnieiii to have 
the centre inde.x at o, when the first observation is made 

2 1 ' 
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Mi <ir<lt r to lake the chmbit dUlance al one reading, after 
li.e sieoiid ol)seiv:ili<*n. For this pnrpoic, the fir^l part 
t>i ilie }'^u<e'^ may U* iiuerteel, by prc sioii'^ly fixir^g the 
cciJire index al llie beginning oi the diviviuris, am) nu*ving 
I ho horizon index )i towards o, instead of moving tlio 
centra index A to htt or t<iwards ii. 

lie liist kinci ot obscrvaiion, in which the incident raj, 
v^hith provinces the hist image on the centre glas«, may 
be conccivid to run double the angular <listance, pas^^iiig 
Ml Us way over tin* lint* <>f collininlion* has by M. Uorda 
l>eeii called the crossed observation.— The same process 
niay be repealed, by fixing alleinately one of the indexes, 
and moving the other, and continuing successive sets of 
I bservalions ; each set of two crossed obs*Tvntions, one 
to the right arul ^juioflier to the left. 'I’he angle given by 
the instriitn<‘nt, wilt be c<|ual to double the angular di¬ 
stance miiltipliid by the number of sets observed. 

Wticllier a circle is used simjily, as Mayer proposed it, 
or in DorduV method, ils peculiar advantages chiefly de¬ 
pend on the miiUiplication (►f the distance sought. Cnpt. 
JMcndoza has ilieretoie turned his attention to the im* 
prosement of this printiple, and has accordingly contrived 
llie following consirocii<m : In the crossed obscrvniioiis 
made wit!* Horda's circle, the indexes move alternately 
ihrougli anarch which, in the divi'^ions, is equal to douhlu 
the distance: for exainph*, the centre index comes, in the 
lirst crossed observation^ from tn to tn\ in the third crossed 
obs<Tvation, from m to m\ &c ; and the horizon index, 
in the 2cl crossed observation, to //; in the 4lh crossed 
observation to/i", &c; and by each of the two indexes 
may be fouiul the same multiple of the distance sought. 
Let us now place the nonius in a circle moving round the 
centre, over, or adjacent to, the usual limb which con¬ 
tains the divjsicms: then it will easily be conceived that, 
by attaching timl ctreb', which M. Mendoza calls the fly¬ 
ing nonius, alternately to each of the iinlexos, it will serve 
as nonius for both ; an<l that, after any number of obsegj 
vulions, it will give the compound motion of the tw^ m* 
.dexes. Thus, after the first observation, the flying nonius 
will, at each cros5t*d observation, advance double the di- 
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made in the atch of n circle. Such os the Sines, Tan- 
gent'i, bocant^, A:r. , 

Circular yumbas, arc such as have their powers 
ending in the roots themselves. As the numl>cr 5, whose 
stpiart; is 2.5, atnl its cube 12 ji ivc. 

Napier's Circulau Paris, are five parts of a right-an¬ 
gled or a quadriiniul spherical triangle; they are the two 
legs, the complement of the hypotlunuse, and the coin- 
picmculs of the two obli(jUC aiigles- 
. Concerning tin sc circular partsi Napier gave a general 
rule in his Logarithmorum Canonis Descriptio, which is 
this: **Tlie rectangle under the radius and the sine of the 
middle part, is e(|ual to the rectangle under Uie tangents 
of the adjacent parts, and lo the nctancic under the co¬ 
sines ol the opposite parts. The right angle or quadratitul 
sifli* being neglected, the two sides and the complements 
of the Ollier three nalurol parts are called the circular 
partb; as they follow each other as it were in a circular 
order. Of these, any one being fixed upon as the middle 
part, those next it are the adjacent, and those farthest 
front it the onnosile parts.** Lord Buchan s Life of Nr? 




opposite parts. 

pier, pa. t)8. 

This excellent, though very concise rule, including all 
particular rules for ihesolution of right-angled spherical tri¬ 
angles, may be reudijy applied to those that are oblique, by 
letting fall a pei peiidiciihir,excepting thclwocasesin which 
there are given either the three siihis, or the three angles. 

_And for thi'sc a similar expedient has been devised by 

Lord Buchan ami Dr. Minlo. M. Ringre,-in the Me- 
moires dc Matheinatiqueet <lc Physique for the year 
reduces the solution of all the cases of spherical triangles 
to four analogies. These four analogies arc in fact, under 
another form, Napier's rule of the circular parts, and his 
second or fundamental theorem, with its application to 
the supplemental triangle. Though it would be no diffi¬ 
cult matter to get by heart the four analogii's of M. Pm* 
gre, yet there ore few perM>ns blessed with a memory ca- 
puble of retaining them for any considerable rime. For 
this reason, the rule for the circular parts ought to be 
kept under its present form* If the reader attends to tha 
circumstuncc of the second letters of the words langenu 


stance over the divisions, while each separate nuHius, fixed .... ^ a ' ^ 

on the indexes, requires a set of tivo observations to pro- and comes beihg the same with the first of the 
duce the wmc effect in Borda's circle. The iwculiar pm- jaceni opposite, he will find it almost impossible to 


periy of the instrument Icing that of giving double the di¬ 
stance, it was thought proper to divide the circle into flCO 
degrees, ant) not into 720 according to the nature of the 
sextant. Thus after a crossed observation, the leading 
of the nonius will/without reduction, exhibit the measure 
of the simple distance. Mendoza bus also extended the no¬ 
nius round the circumference, so that, by the coincidence 
of two divisions, the number of degrees will appear on the 
limb, and that of the niinutes and seconds on the Hying 
nonius. See Philos. Truns. 1801. 

For more on the nature <)f circular iiibtruments of rc- 


torget it. Anti llic rule for the solution of the two ^8^ 
of spherical iviiinglcs, for w^hich the former nlonc is in¬ 
sufficient, iTuiy bo thus expressed : Of the circular parts 
of on oblique spherical triangle, the rectangle under the 
tangents of half the sum ai^d half the difference of the 
segments at the middle part (formed by a pcTpcndicalar 
dravi'n from an angle to the opposite side), is equal to the 
rectangle iHuler the tangents of half the sum and half the 
diflerr*nce of the opposite parts. By the circular parts ol 
nn oblique spherical triangle, are meant its three side and 
the supplements of its tliree angles. Any of these six be- 


rtccijon.scc Histdirciles Mutlifiuaiiqufs, tom.3, ing assunu’«l ju» a nuddic parr, llie opposite purls ore ib^ 

)). 527: for ri»c cuinpuiution of the probable cxleiit of two of the same denomiiinlion with it; thatis, if the tow- 
tljc errors to which they are linbh', see Swaoberg, Lxpo* tile part i> ooe of the sides, the opposite parts ore the other 
silion dcs operations faites en Lappooie 6tc, p. 29; and for two, and if the middle part is the supplement of one ol 
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a catalogue of pa|)crs&c, connected with such instru¬ 
ments, consult Dr. T. Young’s Natural Philos, vul. 2, 
p. 350.—For Sir lioward Douglas’s Reflecting Circle or 
Semicircle, sec the article Reflcctino in tliis Dictio¬ 
nary. 

diRCULAn Lines, a name given by some authors to 
feuch straight lines 03 are divided by muans of the divisions 


the angles, the opposite parts ur^ihe supplements of the 
other two.—Since every plane triangle may be considered 
as described on the surface of a sphere of an infimte ra¬ 
dius, these two rules my he applied to piano irianglesi _ 
provideef the middle part be testricted to a side. 

“Thus it appears that two simple rulw suflice for the 
solution of all (he possible cases of plauc and spherical 
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Jrinncirs. Those rulo^^ from iUvir ncfthuss and the man- 
norinuhieli they arc oxjMi*SM*d, cjuiimU hiil 
tiioinscl\c> deeply on the incinors <•! e\oir one who a 
In lie vcrM*<J in it v^ttunnn xfy. Ii a cn Lum^larac wor¬ 
thy of iKilrcc, that a person cd* a very \ir:ik nunnory may 
carry tin- wljok* art ol iritiinnniu tiy Jn hix h« n(l.“ Napier’s 
Lii’c, pa. I0'2. 

Cl lie ur. AII SuHin^, is tlua p(*il'ormo(i in ilic arch of a 
pnalcirctc.— It ixchidly on i.ccount fj| the xliurri<li- 
blancc that tins method of sailin" ha^ hu ii propr.std ; niuf 
hir the mo^t jj.jrt it ts advahlagiMus for a ^hij) to rt ach her 
port by the shortest course. 

As the solutions of ilu* eases in MercatorN sailing aie 
perlorined Ly plane triangles; so the case's in gival^circle 
Sailing arc resolved by tin* solution ol spluTJCal triangles. 
Hut, alter all, the several eases in this kiml of sailing serve 
ratlier lor exercises in the sohUion of spherical triangles, 
than for any real use towards the navigating of a ship. 

CiKCCLA u Spois^ are mmlc on pieces of metal by large 
electrical eNplosioris, Ste Hhilos. Trans, vol. 58, pa. 68; 
or my Abridgment, voL 12, p. 510; also Priestley^ Hist, 
of Electricity, vol. 2, seer, y, edit. 8vo. 

'^hc'sc beautiful spots, produced by the moderate charge 
of a large battery, discharged between two smooth sur¬ 
faces of metals, or scmi*mctnb, lying at a small distance 
from each other, consist of one central spot, and several 
concentric circles, which arc more or less distinct, and 
more or Tower in number, as the metal on which they arc 
marked is more easy or diincult effusion, and os a greater 
or less force is employed. 'J’/io}’ are composed of dots or 
cavities, which indicate a real fusion. If the explosion 
of a batter)', issuing from a pointed bmly, be repeatediy 
taken on the plain surface of u piece of luel.il near the 
point, or be received from the surface on a point, the me¬ 
tal will be marked with a spot, consisting of all tlie pris- 
mulic colours disposctl in circles, and forim*<l by scales of 
the metal separated by the force of the explosion. 

CiRCULAU Velocity^ a term in Astronomy, signifying 
that velocity of a planet, or revolving body, which is 
mi'usurcd by (he arch of a circle. 

CtucoLATiNO Decimals^ called also recurring or re¬ 
peating decimals, are those in which a figure or several fi¬ 
gures arc continual ly repeated. They are distinguished into 
single and multiple, and these again into pt/re and mixed. 

A pure single circulate, is (hat in which one figure only 
is repeated; as '222 &c, and is marked thus '2. 

A pure muhipU circulate, is that in wdiich several figures 
are continually repeated; as-232323 &c, marked *23; 
and '524524 &c, marked *524. 

A mixed tingle circulate, is that which consists of a ter¬ 
minate part, and a single repeating figure; as 4*222 ScCf 
or 4'2. And 

A mixed multiple circulate, is that which contains a tcf 
ininatc part with several repeating figurc-s; as 45*524. 

Thai part of the circulate which repeats, is culled (he 
rcpclend : and the whole rcpeicnd, supposed infinitely 
continued, is equal to a vulgar fraction, whose numerator 
IS the repealing number, or figures, and its denominator 
Ibe same number of nines; so '2 is = and »23 is = 
and -524 is = 

It seems it was Dr Walll, ,ho first Uislinctly coosi- 
<»crcd, or treated of infinite circulating decimals, as he 
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him^eh infonnA ux in I I’n^alUc <•( ^n.rr Ii»h 

time many olhvr aiilh^ix ti;i\r ircitlcd on this [»;ii r • t j m f,. 
inotic ; ihv princi|i;il i>\ ilu xc, lu \Mni r, to whom iln jji ' . 
mostly iudebtid, arv .Mixers. Hiciwn.Conn. Martin. 1‘rr.< f- 
iMaicolin, Doiin, and Ih nr^ Clarki*. in wliosc uniUij' 
the nature* and practice of rlii> ItjucIj «j| arithmetic iua\ I • 
tally sen'll, especially in l he la*'t-jnrnMi)nLd ingLiiious author. 

ClRCUiMFKULNCE, in a gmeral mum*, denott^ ii.» 
line or lines bounding aiiv Jigu ro. Rui It IS cuninu'iiis 
used ill a more liiniled Selisf, to <icii‘-ti' iLc curse line 
'vhich bounds a circle, and which is otherwise called i!i. 
jierijrhcry; the boundary of a riglit-liiud ligute being e.\- 
j>n-ssed by tlic term iieriineier. 

'I'hc circumference of a circle is every wheie erjuidi- 
Mant from the centre. And llie circumference-s vU'diflerei.t 
circlets arc to one another as their radii «ir diaiiuiei-, <■> 
the ratio of tlie diameter to tlie circumference is the sun.e 
in every circle, which is nearly ns 7 to 22. as it was fouml 
by Archimedes, or, more nearly, as 1 to 3-1416. Under 
the article Circle may be seem various other apiiro-Miiia- 
tions to that ratio, one of which is carried to 128 places 
of figures, viz, by M. Dc Lagny. 

The circumference of every circle is supposed to be di- 
viiled into 360 equal parts, called degrees.—Any part of 
a circumference is called an arc or arch; and a ri‘’ht line 
drawn from one end of an arc to the other, is called its 
chord.—The angle at the circumference is equal to hull 
the angle at tlie centre, standing on the same arc; and 
therefore it is mi asun d by the half of that arc. 

CIRCU.MFl'niKNTOR, a particular instrument used 
by surveyors for taking angles. It consists of a brass cir¬ 
cle and imiex all of one piece j the diameter of the circle 
is commonly about 7 inches; the index about 14 incliw 
long, and an inch and a half broad. On the circle is a 
card or compass, divided into 360 degrees ; the meridian 
line of which answeis to the middle of the breadth of the 
index. On the limb, or circumference of the circle, is 
soldered a brass ring ; which, with another fitted with a 
g)a$$, forms a kind ol box for the needle, which is sus¬ 
pended on a pivot in the centre of ilie circle. There arc 

also two sights to screw on,and slideupanddownibeindex 
as also a spangle and socket screwed on the underside of 
the circle, to receive the head of the three-legged staff. 



To Mice, or obtave, the Quantity of an ^ngle by the Cir- 
cunferenior. The angle proposed being eko ; place tho 
instrument at k, with the flowcr-de-lucc of the card to¬ 
wards you; then direct the sights to E, and observe what 
degrees arc cut by the south end of the needle, which let 
be 295; then, turning the instrument about on its stand, 
direct the sights to o, noting again what degrees are cut 

by the south end of the needle, which suppose are 213. 

This done, subtract the less number from the greater, viz 

2 T2 
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Cl-T fmtri 29>. aTui llu- ro/naiiitkr, or 82 «lcgncs, js the 
j’tiiiuiililv of ilir ani^lr {.Kosoughl. 

flHrUMCiVKATION. is the revolving motion of any 
lx.tiv about a ccfitiv; as ot the |)lun< ts about thcsun.&c. 

CHlCUiVM\.l.AR .Vmrj, arc th.AC sUn which, by rea- 
MUi of their vicirnly to the pol(, move round it, without 

'I'lting. 

( lUCUMSCIMliEU Figure, is a fignre whicli isdrawn 
about another, so tliat all its sides or planes touch the lat¬ 
ter or instriberl figure. 

riic area and p* riineter of every polygott that can be 
circumscribed about a circle, are greater than tliose of the 
circle ; and the area and |iei-imcter of every inscribed po¬ 
lygon, are less than those of the circle; but they approacli 
always nearer to equality as the number of sides is greater. 
And on these principles Archimedes, and some other au- 
thors since his time, attempted 'the quadrature of the cir¬ 
cle; which is nothing else, in effect, but the measuring 
the area or capacity of a circle. 

CIKCUMSCUIBED Hypclbola, is one of Newtons hyper¬ 
bolas of the 2d order, that cuts its asymptotes, and con¬ 
tains the parts cut off within its own space. 

CIRCUMVALLATION, or Line 0 / tHrcutraallation^ in 
the Art of War, is a trench, bordered with a parapet, 
thrown tip around the besieger's camp, as a security 
against any army tlmt may attempt to relieve the place, 
as welt as to prevent desertion. 

CIRCUMVOLUTION, in Architecture, the torus of 
the spiral line of the Ionic order. 

CISSOID, is a curve line of ihc second order, Invented 
by Diodes fopthc purpose of finding two continued mean 
proportionals between two other given lines. The gene¬ 
ration or description of this curve is as follows: 

On the extremity b of the diame¬ 
ter AB of the circle aob, erect the 
indefinite perpendicular cbd, to 
which from the other extremity a 
draw several lines, cutting the circle 
in 1,0,N, dre; and on these lines set 
off the corresponding equal distan¬ 
ces, viz, itu = Ai, Fo = AO, and cL 

AN, &c; then the curve line 
drawn through all the points M, o, L, 

^c, is the cissoid of Diodes, who 
was an ancient Greek geometrician. 

This curve is, by Newton, reck¬ 
oned among the defective hyperbo¬ 
las, being the 42d species in his Enu- 
mcratio Lincarum Tertii Ordinis. 

And in bis Appendix dcEqualionum 
Constructiono Lincari, at the end of 
his Arithmctica Universalis, be gives 
another elegant method of descri¬ 
bing this curve by the continual mo¬ 
tion of a square ruler. Other me¬ 
thods have also been devised by different authors for tbe 
same thing. 

T%e Properties qf the Cissoid are the following: 

1. The curve has two infinite legs amol, Atnol meeting 
in a cusp a> and tending towards the indefinite line cbd, 
which is their common asymptote, 

2. The curve passes through o and o, points in the cir¬ 
cle equally distant from a and b; or it bisects each semi- 
oircte. 



J. LcHing tall perficndicnlars mp, ik from any corre- 
sp<m<li«g pomis 1 , m; then is av = bk, and am = iij, 
b«.•cnll^e Ai = M K. 

4. AP : I’B : ; MP* ; aV. So that, if ihe diameter ab 
be=a, the absciss ap=sx,' and the ordinalc pm sy; 
then is r; a — X : ;y ; iS or = (a - x) x y*, which is 
the equation of the curve. 

5 . Sir l^aac Newton, in his last letter to M. Leibnitz, has 
shown how to find a right line equal to one of the logs ot 
this curve, by means of the hyperbola; but he there sup¬ 
pressed the investigation, which however may be seen in his. 
i'luxions. 

t). The whtdc infinitely long cissoidal space, contained 
between the infinite asymptote CBD,and the curves LUAoi 
&,c, of the cissoid, is equal to triple the generating circle 
aobo.a. —See more of this curve in Dr. Wallis's Works, 

vol. 1, pa. 545. 

CIVIL Dny. See Day. 

Civil Ulonth. See Month. 

Civil Year, is the legal year, or annual account of time . 
which every government appoints to be used within its own 
(Tominions. It is $0 called in contradistinction from the 
natural year, which is measured exactly by the revolution 
of the heavenly bodies. 

CLAIRAUT (Alexis-Claudb), a celebrated French 
mathematician and academician, was born at Pans the 4Sth 
of May 1713, and died the 17lh of May 1765, aj 52 years 
of age. His father, a teacher of mathematics at Paris, 
wasliis sole instructor; and such was the progress of our 
author under him, that at the early age of 4 yean, he 
could read and write. The letters of the alphabet he 
taught him in the figures of Euclid’s Elements. At 9 yean 
of age he studied Guisn^’s Application of Algebra to Geo¬ 
metry; at 10 Dc I'Hbpital's Conic Sections; and between 
12 and 13 be read a memoir to the Academy of Sciences 
concerning 4 new geometrical curves of hisown invention. 
About the same time he laid the first foundafion of his 
work upon curves that have a double curvature, which he 
finished in 1729, at 16 years of age. He was named Ad¬ 
joint-Mechanician to the Academy in 1731, at the age of 
18, Associate in 1733, and Pensioner in 1738. During 
his connexion with the Academy, he bad a great number 
of learned and ingenious communibalions inserted in their 
Memoirs, besides several other works which he publisbad 
separately; the list of which is os follows: 

1. On Curves of a Double Curvature; in 1730,4to, 

2. Elements of Geometry; 1741, 8vo. 

3. Theory of the Figure of the Earth; 1743, 8vo, 

4. Elements of Algebra; 1746, 8vo. 

5. Tables of the Moon; 1754, 8vo. 

His papers inserted in the Memoirs of the Academy arc 
too numerous to be particularized here; but they may be 
found from the year 1727 , for almost every year tilll 762 ; 
being upon a variety of subjects, astronomical, mathema¬ 
tical, optical, &c. 

CLARKE (Db.Sauuel), a celebrated English divine, 
philosopher, artd metaphysician, was bom at Norwich the 
lltb of Oct. 1675. Ho was the son ofEdward Clarke, esq, 
alderman of that ci^,and for several yeartoneof itsreprw 
sentatives in parliament lie received instruction in clasu* 
cal learning at the frce-school of that town; and in 1691 
removed thence to CaiusKioUege, Cambridge, where bis 
shining nbilitiea soon to display themselves.’-^ 

Though tbe philosophy of Descartes was at that time lb* 
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cstablishod system of ihe university, yet Clarke's sagacity 
discovered its imperfections^ and led him to the belief 
of one more solid and rational, u?.f the new system of Now* 
tun: this he sooiT mastered; and ijt order to his first degree 
oi arts, performed a public exercise in the schools upon a 
question taken from it. Me greatly contributed to the 
establishment of the Newtonian philosophy by an excel* 
lent translation of UohaultN Physics, with nor<*s, \vhich he 
linished before he was 32 years of age, a book which bad 
been for some time the system use<l in the university, and 
loundeJ on Cartesian principle's. This was tirst published 
m the year 1(J97> and it soon after went through several 
other editions, all vvith improvements. 

Mr. Whislon rclak'S that, in that year, 1697, while he 
w«as chaplain to Dr. Moore, bishop of Norwich, he mot 
with young Clarke, then wholly unknown to him, at a cof¬ 
fee-house ill chat city, where they entered into a conver¬ 
sation about the Cartesian philosophy, particularly Uo- 
bault's Physics, which Clarke's tutor, as he tells us, bad 
pul him upon translating. The result of this conversa¬ 
tion was," says Whiston, that I was greatly surprised that 
so young a man as Clarke then was, should know so much 
of those sublime discoveries, which were then almost a se¬ 
cret to all but a few particular mathematiciaos. Nor did 
1 remember (continues he) above one or two at the most, 
whom I had then met with, that appeared to know so much 
of that philosophy as Mr. Clarke." 

He afterwards turned bis thoughts to divinity; and hav¬ 
ing taken holy orders, in I698 he succeeded Mr* WhUton 
as chaplain to Dr« Mool’c, bishop of Norwich, who was 
evef after his constant friend and patron. Soon after he 
published some theological treatises; and Bishop Moore 
gave him the rectory of Drayton, near Norwich, wiib a 
lectureship in that city. In 1704, he was appointed to 
preach Boyle's lecture; and the subject he chose was, 
The Being and Altributes of God. IJe succeeded so well 
in this, and gave so much satisfaction, that he was appoint¬ 
ed to preach the same lecture the next year, when he chose 
for his subject, The Evidences of Natural and Rifvcaled 
Religion. These sermons were first printed in two volumes, 
in 1705 and 1706, and contained some remarks on such 
objections that had been made by Hobbes and Spinoza, and 
other opposers of natural and revealed religion. In the * 
6th edition was added, A Discourse concerning the Con¬ 
nexion of the Prophecies of the Old Testament, and the 
application of them to Christ. 

About this time, Mn Wbiston informs us, he discovered 
that Mr. Clarke (having read much of the primitive wri¬ 
ters) began to suspect that the Atbanasian doctrine of the 
Trinity was not the doctrine of those early ages; and it was 
particularly remarked of him, that he never read the Atha- 
nasian Cre^ at his parish church. 

In the roidstofhis theological labours, Mr.Clarke found 
time to show bis regard to mathematical and philosophi¬ 
cal researches, with biscxact knowledge and skill in them. 
And his natural affection and capacity for these studies 
were not a little improved by the friendship of Newton; at 
whose request he translated his Optics into X^tin in 1706. 
With this version Sir Isaac was so highly pleased, that he 
presented him with the sum of 500/ or 100/ to each of his 
5 children. 

The same year, also. Bishop Moore procured for him 
the rectory of St. BenneUfs, Paul^ Wharfs in London; and 
soon after carried him to court, and recommended him to 


the favour ol Queen Anne. She appointed him one of licr 
chaplains in ordinary; and also presented him to the rec¬ 
tory of St. James's, Wcslminslor, when it became vacant 
in 1709* On this occjuion he took the degree of d. n. 
when the public exercise which he performed for it at 
Cambridge was highly admired. 

In 1715 and 1716, Dr. Clarke had a dispute with the 
celebrated Ledbnitz, concerning the principles of natural 
philosophy and religion; and a collixtion of the papers 
which passed betwc'en them was published in 1717. I his 
work was addn'ssed to Queen Caroline, then prinec'ss of 
Wales, who was pleased to have the controversy pa^s 
through her hands. It related chieHy to the subjects of 
liberty and necessity. 

About the year 1718 he was prcs'cnted by the lord Lcch- 
merc to the mastership of Wigston s hospital in Leicester¬ 
shire. In 1724 and 1725 he published 18 sermons^ 
preached on several occasions. In 1727, on llie death of 
Newton, he bad the offer of succeeding him as .Master of 
the Mint, a place worth from 12 to 15 hundred a year; 
but to this secular preferment he could not TiConCile him¬ 
self, and therefore absolutely refused it. In 1728 was 
published, A Letter from Dr. Clarke to Mr. Benjamm 
Hoadley, occasioned by the Controversy relating to the 
Proportion of Velocity and Force of Bodies in Motion, 
which was printed in the Philosophical Transactions, No. 
401. Dr. Clarke died the I7th of May, 1729, in the 54th 
year of his age. 

Queen Caroline look great pleasure in the doctor’s con¬ 
versation and frienebhip; seldom a week passc<l in which 
she did not receive some proof of the greatness of his ge¬ 
nius and the force of his understanding. 

As to the characier of Dr. Clarke, he is represented as 
possessing one of (he most amiable'and aOectiunate dispo¬ 
sitions, remarkably free and easy in his c<inversalion, cheer¬ 
ful and oven playful in his manner. Bishop Hare says of 
him, ** He was a man who had all the goo<l (|ualities that 
could meet together to rectiniinend him. He was pos¬ 
sessed of all the parts of learning that are valuable in a 
clergyman, in a degree that few possi'ss any single one. 
He had joined to a good skill in the three learned lan¬ 
guages a great compass of the best philosophy and ma- 
thematjes, as appears by his Latin works; untl his English 
ones are such a proof of bis own piety ;tnd of his know¬ 
ledge in divinity, and havc<lonesomucU service to religion, 
as would make any other man, that was not under a su^ 
picion of heresy, secure of the friend>hip of all good 
churchmen, especially the clergy.—Mud) more iimy be 
seen, related in his praise, by B).sliop Hoadley, Dr. Sykes, 
and Mr. Wbiston, in their Memoirs of his life, 

CLAVIUS (Cii histophbr), a German Jc&uitj was 
Lorn ot Bamberg id Germany, in 1537. He became a very 
studious mathematician ami olaboraic writer; his works* 
when collected, and closely printed, makiiJg 5 large folio 
.volumes, being a complete body or course of mathematics. 
They arc mostly elementary, with commentaries oi) Euclid 
and others, possessing very little of invention of his own. 
His talents and writings have been variously spoken of, and 
it must be acknowledged that they ace heavy and eluborato. 
He was inviud to Rome, to assist, with other learned men, 
in the reformation of the calendar, by Popt Gregory, of 
which he afterwards undertook a defence against Sea* 
ligcr, Vieta, and others, who attacked it. He died at 
Rome the 6th of February, l6l2, at 75 years of age, after^ 
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innro i<mii ,'>0 years cli>''e a]>|il.c.ni<in to tlic ninllirmalu«l 

|‘ f)r('Mrr,iii Music, a mark at ilit-JK^minn" ff 
,i.c • a sen-!, "I'ich ll.e t<.m- «>r ki j in x'hirh 

. ,«■ Is t-. boain. Or, it is a letter markka on any line, 

,11 rxiaains and pinnis.mt lli< nami' ol all tl.c rest. 

»M' n iitly, every lim- bad a U ilt-r inaikicl li,r aclel; but 
iii.w a lclt« r on on* lino sulTioi'; since by this all the rt>t 
iiTi’ kiMJun» rickoiiiu^ up «jul in llic oriU*r ol inu 

callo.l llu- clef, or key, bocanso ibal llurcby are 
known the naiii.s ol all tin- oilier lines and spaces; ami 
t-oiis. (iuehtly llio t|iumlity ol every degree or interval. Jlnt 
because eviry note in tlie oc^a^e is calleil a key, though, 
in um tlier sense, this letter marked is called peculiarly the 
sinned ckf; since, Icini- wiiiteii on any line, it not only 
signs ami marks lliat one, Imt it also explains all the rest. 
Uy del, then lore, for ilisliiu tioii sake, is meant that let¬ 
ter, signed on a line, which explains the rest; and by key, 
the principal note of a song, in winch tbc melody closes. 

'1 here are tliree of those signed clefs, c,/, g. The clef 
of llic liiglu-st part in a song, called treble, or alt, is g, set 
on the sr^-ond line, reckoning upwards. The clef of the 
bass, nr the lowest part, is/, on the lih line upwards, tor 
all tlie other mean parts, the clef is c, sometimes on one, 
ami at others on another line. Imleed, some that arc 
really mean parts, are sometimes set with the g clef. It 
must however he observed, that the ordinary signatures of 
dels hear little re'-einblanco to thoM- Icltcrs. Mr. Mul- 
colin is of opinion that it wouUl be wt-ll it the letters thein- 
i\es \Vere us' il. Kepler takes great pains to show, that 
the common sigiialuies arc only corruptions ol the letters 
itlev represent. 

the clefs are always taken fifths to one another. So 
the clef/ being lowest, c is a fifth above it, and g a fifth 
above C. 

When the place of the clef is changed, which is not fie- 
qneiit in the mean clef, it is with a d<->ign to make the sys- 
uin compn-heml as many notes of the song as pofllblc, 
and so to liave the fewer notes above or below it. So that, 
if there be many lines above the clef, and few below it, 
this purpose i> atisweieil by placing the clef in the first or 
second line; but if there be many notes below the clef, it 
IS placed lower in the system. In effect, according to the 
relation of the other not<s to the clef note, the particular 
sNStom is taken dift'erently in the scale, the del line ma¬ 
king one in all the variety, 

But still, in wlialcrer line of the particular system any 
clef is found, it must be understood to belong to the same 
of the gonerul system, and likewise to be the same iinlivj- 
dnal note or souml in the scale. By this constant relation 
of clefs, wc learn h<»w to compare the several particular 
systems of the several parts, and to know how-they com- 
inonicale in the scale, that is, which lines arc unison and 
which are ndt; for it is not to be supposed that ouch part 
has certain bounds, within which unollior may never 
(^ntor—some notes of the treble, forexample, must be low¬ 
er than sonic of the mean parts, or even ofthcbtiss. There¬ 
fore, to join together into one system all the parts of a com¬ 
position written separately, the note of each particular purl 
must be placed at the same distances above and below the 
proper clef, as they stand in the separate system: and be¬ 
cause all the notes that arc consonant, or heard together, 
must stand directly over each other, that the notes bcloiig- 
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ing to eadi part may lx* distinctly rtained, they may 
be made wiih such dillervncv« a*. 'Iiall not confuimd or 
al(< r ill* ir 'ignilicatioiis wiili n xpcct to lime, but ont^huw 
tlieir n iatioii t«> tins <ii tliat pari. Thus we shall discover 
III what imunur the pails change and pass tinough one 
another; andwhicb, in »very note, is liighcst, lowesi, or 
unison. 

It must liere be observed, that for the performance of 
any single piece, the def <jnly serves for c.xplailiiiig the in¬ 
tervals III tlie Un-s am! space': so that it iue<l nut be re¬ 
garded what part of any greater s)stem it is; but the first 
note may be lakeii as high or low as wc please. For as 
the proper U'C of the scale is not to limit the absolute de¬ 
cree of lone, so the proper use of the signed def is not to 
'bound the pitch at which tlie first note of any pait is to . 
be taken, but to determine tlic tune uftiic rest, with respect 
to the first; and considering all the parts together, to de¬ 
termine the relation of their several notes by the relations 
of their clefs in the scale: thus, their pilch of tunc being 
determined in a certain note of one part, the other notes of 
that pail are rleU-rmincd by the constant relations of the 
letters of the scale, and the notes of other parts by tbc re¬ 
lations of their clefs. 

In efiect, for performing any single part, the clef mite 
may be taken in an octave, llial is, at any note of the same 
name; provided we do not go loo high or loo low for find¬ 
ing the rest of the notes of a song. But in a concert of 
several parts, all the cUfs must be tukrn, not only in the 
rdalions, but also in llie places of the sysl« m ubovemen- 
tioned, that every part may be comprehended in it. 

The natural and artificial note expressed by the same 
letter, as c and eff, arc both set on the same line or space. 
When there is no charHCier of flat or sharp, at the begin¬ 
ning with the clef, nil the notes arc naimal; and if inany 
particular place the artificial note be required, it is denoted 
by the sign ol a Hal or slmrp, set on the line a space befofU 
that note. 

If a sharp or flat be placed at the b<-ginning in any lino 
or space witli the clef, all the notes on that line or space 
arc artificial ones; thntis,arcto belakcnasemiumehigher 
or lower than they would he without such sign. And the 
same aftccts all their octaves above and below, though they 
be not marked so. in the course of the song, if the natu¬ 
ral note be soincliinci required, it is signified by the cha¬ 
racter ti. , 

CLEl’SYDRA, a kind of water-clock, or an hour-glass 

serving to measure time by llic fall of a certain quantity, 
commonly out of one vessel into another.—1 here have 
been also clepsydroR made with quicksilver; and the term 
is also used for hour-glasses ol sand, _ _ 

By this instrument the Egyptians measured ihrir time 
and the course of the sun. Also lycho Drahc, 
dern times, made use of it to measure the motion of the 
stars, &c; and Dudley used the same contrivance in ma¬ 
king all his maritime observations. 

The use of clepsydrie is very ancient. They were pro¬ 
bably invented in Egypt under the Ptolemies; though some 
authors ascribe thainvention of them to the Greeks, and 
others to the Romans. PHny informs us, that Scipio Na- 
. sicH, about 150 years before Christ, gave the first hint for 
the construction of them: and Pancirollus has particu¬ 
larly described them. According to his account, Ihecl^ 
sydra was a vessel made of glass, with a small hole in the 
bottom, edged with gold ; in the upper part of this vessel 
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a line wns <trawn, and marked with the 12 hours: the vc5* 
scl M'as tilled with water, and a cork with a pin fixed in it 
Hoated on the surface, pointing to tlje first hour; and as 
the water sunk in the \esscl by issuing out of the small 
hole, the pin indicated the other hours as it desceiuied. 
The same kind id instruments were also used by the Ilin* 
dus, for ineastiring time; and from tlie invention might 
come into all the countries westward from them. See my 
Tracts, voi. 2, p. 178. 

' ClepsydriH '^cre chiefly used in the winter; as sun*dials 
served for tlic summer. '1 hoy had however two great de¬ 
fects; tlu* one, lhai the water ran out more or l<*ss easily, 
HS the air was more or less dense; the other, thUt the wa¬ 
ter flowed more rapirlly at the beginning, than towards the 
conclusion wlK*n its quantity and pressure were much de¬ 
creased. Ainunioiis has invented a cle psydra which, it is 
5ai<l, is free from bulli ilH*se inconveniences ; and the same 
eflect is protlnced by one described by Mr. Hamilton, in 
the Philos. 'Ivans. u)l. 41, pa. 17H or niy Abridg. vol. 9, 
pa. 236. \*arignon also, in the Memoires de I'Acad. I699, 
delivers 11 iicnerjI giomctrical mcthoil of making clepsy¬ 
dra, or'wuter-clocks, with any kind of vossets, and with 
any given orifices for the water to run through. 

\*itruvius, in lib. 9 of his Architecture, treats of thc^c 
instrumc iits; and Pliny in chap. 60, lib. 7> says that bci- 
pio Nasica was the first who measured time, at Rome by 
clepsydra*, nr waloi-clocks. Gesner, in his Pandects, 
pa* 9H sevcml contrivances for these instruments. 
Solomon de Causalso treatson this subject in his Reasons 
of Moving Forces, 6cc* So also docs Ozanam, in his iMa- 
theinatical Recreations, in which is contained a Treatise 
on Elementary Clocks, translated from the Italian of Do- 
minir|ue Martinelli. There* is likewise a treatise on Hotir- 
Glasses by Arcangelo Maria Radi, called Nova Scienzade 
Horologi Polvcre. See also the Teclinica Curiosa of Gas¬ 
per Schottus; and Amontons Remarque's ct Experiences 
Physiques sur la Construction d'une nouvclle Clepsydrc, 
exempte dc s tl^fauts dcs autros. 

CLERC (JoiiH le), a celebrated writer and universal 
scholar,* was born ut Geneva in 1637* After passing 
through the usual course of study at Geneva, he went to 
France ill l67S; but returning the year after, he look 
holy orders. In 1682 Lc Clcrc visited England, to learn 
the language : but the smoky air of London not agreeing 
with his constitution, be icon returned to Holland, where 
he settled; and was appointed professor of philosophy, po¬ 
lite literature, and the Hebrew tongue, in the school at 
Amsterdam. Here he long continued to read lectures; 
for which purpose he drew up and published his Logic, 
Ontology, Pncumalology, and Natural Philosophy. He 
published also Ars Critica; a (Commentary on the Old 
Testament; a Compendium of Universal History ; nn Ec¬ 
clesiastical History of the first two centuries; a French 
translation of the New Teslnment, and other works. In 
1686, be began, j<dmly with M.dela Crose, his Bibliothc- 
quo Univcrselle et llistoriquo, in imitation of other lite¬ 
rary journals; which was enntinuee] to the year 1693, 
making 26 volumes. In I703he cornmem ed his Bihlio- 
theque Choice, and continued it to 1714, when he began 
another work on the Mime plan, called llibliothcquc Anci- 
enne et Modernc, ivliich he continued to the year 1728; 
all of them justly wteemed excellent stores of useful khovv- 
ledge. He published also, in 1713, a small treatise on 
Practical Geometry, in 2 yols* small 8vo, called Pratique 


de la Geometric, <ur le papier ol sur le terrain. In 1728 
lie was seized wuh a palsy and fever; and after spending 
the last six years of his life with little or no understand¬ 
ing, he died in 1736, at 79 years of age. 

CUFF, in Music, the same av Clef, which sec. 

CLIMACI'LRIC, a critical year in a person s life. 

According to some, this is tverv 7th year: but oUiors 
allow* it only to those yvais pnuluced b^ multiplying 7 by 
the odd numbers 3, 5, 7> 9« llnsi* jears, c>bscrve they, 
bring with lluin sonic remarkable cliani^e wuh respect to 
health, life, or fortune: the grand climacteric is itie 63d 
year; hut Some add also the Hist to it: 1 he other n. mark- 
able climacterics arc the 7th, 21st, 35lh, 49il>, and 36ih. 

CLIMATE, or Cl/mf^ in Geograpliy, a part of the sur¬ 
face uf the earth bounded by two lesser circles parallel 
to the equator; and of such h breadth, as that the longest 
da) in the parallel nearer the pole exceeds tlie longest 
day in that next the equator, by some certain space, us 
half an hourt of an hour, or a montli. 

The beginning of a climate, is u parallel circle in which 
the day Is tlie shottc*st; and the end of the climate, is 
tliat in which the day is the longest. The climates thero- 
fure are reckoned from the equator to the pole ; and are 
so many zones or bands, terminated bylines pamllel to the 
equator : though, in strictness, there are several climates, 
or difleront tlegrces of light or temprraiurr, in the breadth 
of one zone. Each climate only dilTers from its contigu¬ 
ous ones, in that the longest day in sumnuT is longix or 
shorter, by half an hour, for instance, in the one place 
than ill the other. 

As the climates commence at the equator, at the begin¬ 
ning of the fir)t climate, that is al the equator, the day is 
just 12 hours long; but at the end of it, or at the lK*gin- 
ning of the 2d climate, the longest day is 12 hours and a 
half long; an<l at the end ol the 2d, or beginning of the 
3d climate, the longest day is 13 hours long; and $0 of 
the rest, as far as the polar circles, where the hour cli¬ 
mates terminate, and month climate's commence. And as 
an hour climate is a space comprised between two paral¬ 
lels of the e(|Uator, in the first of which the longest day 
exceeds that in the latter by an hour; so the month 
climate is a space containcil between two circles parallel 
lo the polar circles, and having its longest tlay longer or 
shorter timti that of its contiguous one, by a month, or 30 
days. But sonic authors, as Riccioli, make the longest 
day of the contiguous climRU*s to differ by half hours^ to 
about the latitude of 45 dcgrct*s; ihvu to differ by an 
hour, or sometimes 2 hours, to the polar circle ; anti ufier 
that by a month each. See tables of climali's in 
nins, chap. 25, prop, 13. 

The aiicienis, who confined the climates to what they 
thought the habitable parts of the earth, n'ckoncd only 
seven, thu middles of which they made lo pass through 
some remarkable places; ns Hie M through Moroo, the 
2d through Sienna, the Sd through Alexundria, the 4th 
through Rhodes, the 5th through Rome, the (wli through 
Ponius, and (be 7ib through the mouth nC the Borysthe- 
nes. But the moderns, who have sailed further towards 
the polcS/ make 30 climiiies on each si<ic. 

Vulgarly the term climate is bestowed on any country 
or region differing from another either in respect of ihe. 
seasons, the quality of the soil, or even the manners of 
the inliabitanis; without any regard to thu length of the 
longest day. Abulfeda, an Arabic author, di^linguisliea 
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llic* fir«t kint] of cliniafts by llio icrm Real Climalcs, ami 
llu- latter by llial uf .\p|)arem Climate-^. 

CLOCK, a imicliiiK* now consiructcil in such a manner, 
and so n-uulatcd by the uniform motion of a pt nilulunt, 
as to measure time, and all its subdivisions, with great 
exactness. Before the invention of the pendulum, a ba¬ 
lance, not tnilike (he tly of a kitchen-jack, was used in- 
Slenil of it.— They were at first called nocturnal dials, to 
distinguish them Ironi sun dials, which showed the hour 
by the shadow of (In- sun. 

The invention of clucks with wheels is ascribed to Pa- 
cificiis, archdeacon of Verona, in the 9lh century, on the 
creilii of an epitaph quoted-b) Ughelli, and borrowed by 
him from Paininius. Others attribute the invention to 
Boethius, about the year 510. 

Mr. Derhiim however reduces clock-work to a much 
older dale; ranking Arcliiinedes’s sphere, made 200 years 
before Chiist, as mentioned by Clautliaii, and that of Po- 
sidcii.ius, mentioned by Cicero, among machines of this 
kind; not that either their form or use were the same with 
those of modern mechanics; but that they had their mo¬ 
tion from some hidden weights, or springs, with wheels or 
pulleys, or some such clock-woik principle. 

In the Disquisiljones Monaslica: of Bcnedictus Ilacf- 
ten, published in the year lC'44, we are informed, that 
clocks were invented by Silvester iv, a monk of his or¬ 
der, about the year 998, as Dithmarus and Bozius have 
also shown; for before that time, they had nothing but sun¬ 
dials and clcpsydrjB for pointirfg out the hour.—Conradc 
Gesner, in his Epitome, pa. 60+, says, that Richard Wal¬ 
lingford, an English abbot of St. Albans, who flourished 
in the year 1326, made a wonderful clock by a most ex¬ 
cellent art, the like of which could not Ijc produced by 
all Europe.—Morcri, under the word Horologe du 
Palais, observes, that Charles v, called the wise king 
of France, ordered at Paris the first large clock to be 
made by Henry dc Vic, whom he sent for from Germany, 
and set it upon the tower of his palace, in the year 1372. 
—John Froissart, in his Histoirc et Chronique, vol. 2, 
ch. 28, says, the duke of l^ourgogne had a clock, which 
sounded the hour, taken away from the city of Courtray, 
ill the year 1382 : and (he same thing is said by Wm. Pa- 
radin, in his Annales de Bourgogne. 

Clock-makers were first introduced into England in 
1368, when Edward 111 granted a licence for three artists 
to come over from Delft in Holland, and practise their 
occupation in this country. 

The water-clocks, or clepsydrae, and sutwlials, have 
both a much better claim to antiquity. The French an¬ 
nals mention one of the former kind, sent by Aaron king 
of Persia, to Charlemagne, about the year 807, which it 
would seem bore some resemblance to the modern clocks: 
it was of brass, and showed the hours by 12 little balls of 
the same metal, which at the end of each hour fell upon a 
bell, and made a sound. There were also figures of 12 
cavaliers, which at the end of each hour came out through 
certain apertures, or windows, in the side of the clock, 
and shut them again, &c. 

The invention of pendulum clocks is owing to the 
happy industry of the 17th century; and the honour of 
that discovery is disputed between Galileo aad Huygens. 
The latter, who wrote an excellent volume on the subject, 
declares it was first put in practice in the year 1657, and 
the description of it printed in l658. Bucher, Do Nova 
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Tvinporis dimetiendi Thcoria, anno I68O, contends for 
Galileo ; ami relates, though at second-hand, the whole 
history of the invention ; adding that oneTrefler, clock- 
maker to the father of the then grand duke of Tuscany, 
made tbe first pendulum clock at Florence, under the di¬ 
rection of Galileo Galilei, a pattern of which was brought 
to Holland. And the Academy del Cimento expressly 
observes, that the application of the pendulum to tbe 
movement of a clock was first proposed by Galileo, and 
put in practice by his son Vicenzo Galilei, in I649. But 
whoever may have been the inventor, it is certain that (be 
invention never flourished till it came into the hands of 
Huygens, w ho insists, (hat if ever Galileo thought of such 
a thing, he never brought it to any degree of perfection. 
The first pendulum clock made in England was in tbe year 
1662, by one Fromantil, a Dutchman. 

Among the modern clocks, those ofStrasburg and Lyons 
arc very eminent for the richness of their furniture, and 
the variety of their motions and figures. In the former, 
a cock claps his wings, and proclaims the hour: the angel 
opens a door, and salutes the Virgin, &c. In the latter, 
two hor.M’men encounter, and beat the hour upon each 
other: a door opens, and there appears on the theatre the 
Virgin, with Jesus in her arms; the Magi, with their retinue, 
marching in order, and presenting their gifts; two trum¬ 
peters sounding all the while to proclaim the procession. 

These however are far c.xcellcd by two that have lately 
been made by English artists, as a present from the East- 
India company to the emperor of China. These two 
clocks are in the form of chariots, in each of which a 
lady is placed, in a fine attitude, leaning her right hand 
on a part of the chariot, under which appean a clock of 
curious w’urkinanship, little larger than a shilling, that 
strikes and repeats, and goes for eight days. On the lady's 
finger sits a bird, finely modelled, and set with diamonds 
and rubies, with its wings expanded in a flying posture, 
and actually flutters for a considerable time, on touching 
a diamond button below it; the body of the bird, in which 
arc contained part of the wheels that animate it as it were, 
is less than the l6th part of an inch. The lady holds in 
her left-hand a golden tube little thicker than a large pin, 
on the top of which is a small round box, to which is fixed 
a circular ornament not larger than a sixpence, set with 
diamonds, which goes round in three hours in a constant 
regular motion. Over the lady’s head is a double um* 
brcllo, supported by a small fluted pillar not thicker than 
a quill, and under the latter of which a bell is fixed at a 
considerable distance from the clock, with which itseems 
not to have any connexion; but from which a commu¬ 
nication is secretly conveyed to a hammer, that regularly 
strikes the hour, and repeats the same at pleasure, by 
touching a diamond button fixed to the clock below. At 
the feet of the lady is a golden dog; before which, from 
the point of the chariot, are two birds fixed on spiral 
springs, the wings and feathers of which are set with 
stones of various colours, and they appear as if flying 
away with the chariot, which, from another secret mo¬ 
tion, is contrived to run in any direction, either straight 
or circular, &c; while a boy, that lays hold of ibo cha¬ 
riot behind, appears also to push it forwards. Above the 
umbrella are flowers and ornaments of precious stones; 
and It terminates with a flying dragon set in the saipe 
manner. The whole is of gold, roost curiously executed, 
and ciubcllisbcd with rubies and pearls. 
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The inpeniaus Dr. Franklin contrived a clock lo show 
iJjc hours, minutes, and seconds, with only three heels 
;ind two pinions* in the whole movement. The diaUplatc 
Jiud lljc liours cijgrav<»n on it in spiral spaces alon^ two 
diaiuclers of a circle, conraininc four times 6o minutes. 

I lie index goes round in tour liuurs, and points out the 
irnnutes Ironi any hour by which it has passed to thencNt 
lollowing hour. The small Inmo, in an arch at lop, goes 
rounJ once in a ininuie, an<l shows the seconds. The 
clock is wound up by a hm* going over a pulley, on the 
axis ol the great wheel, like a common 30*hour cluck. 
Many of these very simj)lc inuchines have since hien con¬ 
structed, that measure time exceidingly well. 'I bis clock 
subject, however, t<i the inconvenience of requiring fre¬ 
quent wimling, by drawing up the w( i<>bt; as also to some 
uncertainty as lo the particular hourshowiiby the index. 

Mr. Ferguson proposed to remedy these inronveni- 
ciiccs by another construction, which described in his 
. Select Kxcrcises, pa. 4. 'Fhis clock will go a week with¬ 
out winding, and always shows the precise hour; but, as 
Rlr. Ferguson acknowledges, it has two disadvantages 
which do not belong to Dr. Franklin’s clock: when the 
minute band is adjusted, the hour plate must also be set 
right, by means of a pin : and the sinallnes«i of the teeth 
in the pc lulu I urn wMiccl will cause the pendulum ball to 
describe but small arcs in its vibrations; and therefore 
the momentum of the ball will be less, and the limes of 
the vibrations will be more aiTeclcd by any unequal iin- 
puhe of the pendulum wheel on the pullets. Besides, the 
weight of the flat ring, on which the seconds are engraven, 
will load the pivots of the axis of the pendulum wheel 
with a great (leal of friction, which ought by all possible 
inc*ans to be avoiilcd. To remedy this inconvenience, the 
seconds plate might he ornilled. 

Mr. Ferguson also contrived a clock, showing the ap¬ 
parent diurnal motions of the sun and moon, the age and 
phase's of the moon, with tne lime of her coming to the 
meridian, and ihe times of high ainl low water; and all 
this by having only two wheels and a pinion added to the 
common inovemcijt. See his Select Excfciscs before men¬ 
tioned. In this clock the iigurc of the sun serves as an 
hour index, by going round the dial-plate in 24 hour^; 
and a figure of the moon goes round in 24 h. 50t min, 
ihe time of her going round in the heavens from any me¬ 
ridian lo the same meridian again. A clock of this kind 
was adapted .by Mr. Ferguson lo ihc movement of an old 
watch. See also a di'scription and drawing of an astro- < 
uomical clock, showing the apparent daily motions of the 
still, moon^ and stars, with the times of their rising, south¬ 
ing, and selling; the places of the sun and moon in the 
ecliptic, and the age and phases of the moon for every 
duy in the year, in the same book, p. 19. 

There have been several treatises upon clocks; the prin¬ 
cipal of which are the following; Hieronymus Cardan, 
de Varictatc Rcrum, libri J7.“Conradc Dasypodius, De- 
scriptio Horologii Astronomic! Argcniinensis in sumnia 
rempli crccii.—-Guido Pancirollus, Antiqua deperdita et 
nova reporta.—L'Usage du Cadran, ou de FHorlogc Phy¬ 
sique Univcrudlo, par Galilee. Mathematicien du Due dc 
Florence.— Oughtred's Opuscula Mathematica.— Huy¬ 
gens’s Horologium Oscillatorium.—Pendulc pcrpctucllc, 
par i Abb^ de Haulcfcuille.—J. J. Bcchcn Tbcoriact Ex- 
perientia dc nova Teruporis dimetiendi Rationc ct Horo- 
logiorum Construclionc,—Clark's Oughtredus explica- 
(iis, ubi dc ConstrucUooe llorologioruro.—Horological 
VuL. 1. 


Disquisition?.— Huygens’s Posthumous Work'^.—> iiv 
Regie An ificjvile du Ivnips, \ c.— i>crviiTe*s Uccuvil d’Ou 
vragcs Cuneux.—l)^ 11 aiu'x Artificial Clock-makvr.—C 
mus's Trailer desl•^»fcc•^ .^I<^u\anlcs.—Alexandre's Tiui r 
G6n<l*ral des H<irulo^K s.—Also 11< atiscii and Piuiciplvs ol 
Clock-making, by llaiior*, Cuiuing, ^c. 

CLOUD, a visible cuHeciioii <d vapours, su^pc uded ui 
the atmosphere. 

Though it be generally allowed that (hr chiuds arr 
formed from the acjucous va|)uurs, which brfore were 
closely united with the atmosphere as (o be invisible ; u 
is however not easy to account for the long coiuinuancc 
of some very opaque clouds without dissolving ; or to as¬ 
sign the reason why the vapours, when they have once be¬ 
gun to condense, do not continue to do so till they at last 
tall to ihe ground in the form of rain or snow', <X:c. It 
now known, that a separation of the latent lieal from the 
water, of wliich vapour is composed, is attended witfi a 
condensation of that vapour in some degree ; in such cose, 
it will first appear as u smoke, mist, or fog; whicli, if in¬ 
terposed between the sun and earth, will form a cloud; 
and the same causes continuing to operate, the cloud will 
produce rain or snow'. It is however abundantly evident 
that some other cause, besides mere heat or cold, is con¬ 
cerned in the formation of clouds, and the condensation 
of atmospherical vapours. This cause is esteemed in a 
great measure the electrical fluid : indeed electricity ix 
now so genendly admitted as an agent in all the great ope¬ 
rations of nature, that it is no wonder to find the forma¬ 
tion of clouds attributed to it; and this has accordingly 
been given by Beccaria as the cause of the formation of 
all clouds whatsoever, whether of ihunder, rain, hail, or 
snow. 

But w'iutiKT the clouds arc produced, that is, the at'* 
mospheric vapours rendered visible, by means of electri¬ 
city or not, it is certain that they do often contain the 
electric fluid in proiligious quantilies, and many terrible 
and destructive accidents have been occasioned by clouds 
very highly electrified. I'hc most extraordinary instance 
of this kind |icriiaps on record happened in tbc island of 
Java, in the East-Indies, in August, 1772. On the 11th 
of that month, at midnight, a bright cloud was observed 
covering a mountain in tbc district called Clicribou, and 
several reports like those of a gun were heard at the same 
time. The people who dwelt on the upper part of the 
mountain not being able to fly fast enough, a great part of 
»ihe cloud, eight or nine miles in circumference, detached 
itself under them, and was scon ;U a distance, rising and 
falling like the wave's of the sea, and emitting globes of 
fire so luminous, that the night became us bright os day. 
Thu cITecls of it were astonishing; every thing was de¬ 
stroyed for 20 miles round ; the houses were demolished; 
|)laniatio)is were buried in the earth; and 2140 people 
lost their lives, besides 1300 head of cattle, and a vast 
numiner of horses, goats, &c. Another remarkable in¬ 
stance of the dreadful effects of electric clouds, which 
happened at Malta the 29lh of October 1757, is also re¬ 
lated in BrydonVs Tour through Malta. 

The height of the clouds is not usually great; the sum- 
mi Is of high mountains being commonly quite free from 
them, as many travrlicrs have experienced in passing these 
mountains. It is found that the most highly electrified 
clouds descend lowest, their height being often not more 
than 7 or 800 yards above the earth's .surface; and some¬ 
times thunder-clouds appear actually to touch the grouud 
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with one of their edges; but the generaJity of clouds are 
• uspended at the height of a mile, or lilllo more, above the 

The motions of tlic clouds, though oftendireclcd by the 
wind, are not always so, especially when thunder is abemt 
to ensue. In this case they arc seen to move very slowly, 
or even to appear quite stationary for some time. The 
reason of this probably is, that they are impelled by two 
opposite streams of air nearly of equal strength; and in 
such cases it appears that both the aerial currents ascend 
to a considerable height; for Messrs. Chailes and Ilobert, 
while endeavouring to avoid a thunder-cloud, in one of 
tlieir aerial voyages with a balloon, could rtnd no altera¬ 
tion in the course of the current, though they ascended to 
the height of 4000 feet above the earth. In some cases 
the morions of the clouds evidently depend on their elec¬ 
tricity, independent of any current of ail whatever. Thus, 
in a calm and warm day, small clouds are often seen meet¬ 
ing each other in opposite directions,and setting out from 
sucli short distances, that it cannot be supposeil that any 
opposite winds arc the cause. Such clouds, when they 
meet, instead of forming u larger one, become much 
smaller, and sometimes entirely vanish ; a circumstance 
most probably owing to the discharge of opposite electri¬ 
cities into each other. And this serves also to throw some 
light on the true cause of the formation of clouds; for if 
two clouds, the one clcclriHcd positively, and the other 
negatively, destroy each other on contact, It follows that 
any quantity of vapour suspended in the atmosphere, will, 
while it retains its natural quantity of electricity, remain 
invisible, but becomes a cloud when electrified either plus 
or minus. 

The shapes of the clouds are also probably owing to their 
electricity; for in those seasons in which a great commo¬ 
tion has been excited in the atmospherical electricity, the 
clouds arc seen assuming strange and whimsical forms, 
that are continually varying. This, as well as the meet¬ 
ing of small clouds in the air, and vanishing upon contact, 
is a sure indication of thunder. 

The uses of the clouds are evident, as from them pro¬ 
ceeds the rain that fructifies the earth, and without which, 
according to the present state of nature, the whole surface 
of the earth would soon become a mere desert. They are 
also useful as a screen interposed between the earth and 
the scorching rays of the sun, which are often so power¬ 
ful as to destroy the grass and other tender vegetables. In 
the more secret operations of nature also, where the elec¬ 
tric fluid is concerned, the clouds bear a principal share; 
and chiefly serve as a medium for conveying that fluid from 
the atmosphere into the earth, and from the earth into the 
atmosphere: in doing which, when electrified to a great 
degree, they sometimes produce very terrible effects; an 
instance of which is related above. Sec the articles At¬ 
mospherical Electricity, Evaporation,Raih,&c. 

CLOUTS, in Artillery, are thin plate's of iron nailed on 
that part of the axle-tree of a gun-carriage which comes 
through the nave, and through which the linspin goes- 
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guages, speaking ten with facility, viz, Greek, lAitin, Ger¬ 
man, French. English, Dutch, Italian, Hungarian, Polish, 
and Bohemian. On liis return to Leyden, be taught there 
with great applause ; and died in l623, being onlyiS years 
of age, justly esteemed the firat geographer who had put 
his researches in order, and reduced them to certain prin¬ 
ciples. He was author of several ingenious works in geo- 
grapliy, viz: 

1 . l)e Tribus Rhcni Alveb. 

2. Germania Antique. 

3. Italia .\ntiqua, Sicilia, Sardinia, el Corsica. 

4 . Introductio in lliiiversam Gcographiam. 

COASTING, is that part of Navigation in which the 

places are not tar asunder, so that a ship may sail in sight 
of land, or within soundings, between them. 

COCHLEA, one of the five Mechanical powers, other¬ 
wise called the Screw ; being so named from the resem¬ 
blance u screw bears to the spiral shell of a snail, in Latin 
Cochlea. See Screw, and Mechanical Poxoert. 

COCK of a Dial, the pin, stile, or gnomon. 

COEFFICIENTS, in Algebra, arc numbers, or given 
quantities, usually prefixed to iciters, or unknown quan¬ 
tities, by which it is supposed they are multiplied; and so, 
with such letters, or quantities, making a product, or co¬ 
efficient production; whence the name. 

Thus, in 3a the coefficient is 3, in bx it is b, and in ex 
it is c. If a quantity have no number prefi.\cd, unity or 
1 is understood; as a is the same as la, and be the same as 
lie. The name coefficient was first given by Victa. 

In any equation so reduced as that its highest power or 
term has I for its coefficient; then the coefficient of the 
2 d term is equal to the sum of all the roots, both positive 
and negative ; so that if the 2d term is wanting in an equa¬ 
tion, the sum of the positive roots of that equation is cqbai 
to the sum of the negative roots, as they mutually balance 
and cancel each other. Also the coefficient of the 3d 
term of an equation is equal to the sum of all the rect¬ 
angles arising by the multiplication of every two of the 
roots, bow many ways soever they can be combined by 
twos; as once in the quadratic, 3 times in the cubic, o 
times in the biquadratic equation, &c. And the coeffi¬ 
cient of the 4th term of an equation, is the sum of all the 
solids made by the continual multiplication of cvciy three 
of the roots, how often soever such a ternary can bo had i 
as once in a cubic, 4 times in a biquadratic, 10 times in an 
equation of 5 dimensions, .&c. And thus it goes on infi¬ 
nitely. 

Coefficients of the tame Order, is a term sometimes 
used for the coefficients prefixed to the same unknown 
quantities, in diflerent equations. 

by 


Thus in the equations < dx -i- cjf = o, 

Igx -h hy kz = p, 

the coefficients n, d, g, are of the same order, being Ihe 
coefficients of the same letter x; also b, e, k, are oi the 
same order, being the coefficients ofy; and so on. 

rougn me nave, ano inruugn wnicn me iinspin goes. ()ppori/e Coefficients, such ns arc taken each ro® ® 

CLUVIER, or Cluverius, (?hjlif), a celebrated differentequation,nndfromadifieTentorderofcoclhciena 
geographer, was born at Dantaic in 1580. After an edu- Thus, in the foregoing equations, a, «,*, or o, or , , » 
cation at home, he travelled into Poland, Germany, and &c. arc opposite coefficients. 

the Netherlands, to improve himself in the knowledge of CfELESTIAL. See Celestial. , 

the law. But, when at Leyden, Joseph Scaligcr persun- COFFER, in Architecture, a square depressure or sin 

ded him to give way to his genius for geography. In pur- ing, in each interval between the niodilliona of the Con 
suance of this advice, Cluvier visited the greatest part of ihian cornice; usually filled up with « rose; someUm** 
the European states, He was well skilled in many Ian- with a pomegranate, or other enrichment. 
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CoFFEU^ in Fortification, denotes a hollow lodgment, 
athwart a dry moat, 6 or 7 feet deep, and l6 or 18 broad. 
The upper part of it i$ made of pieces of timber, raised 2 
feet above the level of the moat; the elevation having bur* 
dies laden with earth for its covering, and ser\'ing as a pa¬ 
rapet with embrazures. 

The coffer is nearly the same with the caponierc, except^* 
ing that this lastissomctimesmadc beyond the counterscarp 
OQ the glacis, and the co8*er always in the moat, taking up 
its whole breadth, which the caponiere does not. It dif- 
fetisfrom the traverse and gallery, in that these are made 
by the besiegers, and the cofl'er by the besieged. 

'Fhe besieged commonly make use of coffers to repulse 
the besiegers, when they endeavour to pass the ditch. And, 
on the other baud, tlie besiegers, to save themselves from 
the fire of these coffers, throw up the earth on that side 
towards the coffer. 

Coffer-Duvi^, or Batardeaux, in Bridge-build ing, arc 
inclosurcs formed for laying the foundation of piers, and 
for other works in water, to exclude the surrounding water, 
and so prevent it from interrupting the workmen. 

These inclosures arc sometimes single, and sometimes 
dfouble, with clay rammed between them; sometimes they 
are made with piles driven close together, and sometimes 
the piles are notched or dove-tailed into one another; but 
the most usual method is, to drive piles with grooves in 
them, at the distance of five or six feet from each other, 
and then boards are let down between them, after which 
the water is pumped out, 

COGGESHALL'S Sliding-RuU^ an instrument used iu 
Gauging, and so called from its inventor. Sec the descrip¬ 
tion and use under Slidino-Au/c. 

COHESION, in Natural Philosophy, os distinguished 
from adhesion, is that species of attraction which, uni¬ 
ting particle to particle, retains together the component 
parts of the same mass or kind. Or it is that action or 
power by which the homogeneous particK^ of bodies arc 
kept attached to each other. 

This power was first considered by Newton as one of 
the properties essential to all matter, and the cause of all 
that variety observed in the U'xturc of different terrestrial 
bodies. lie docs not attempt to investigate the nature of 
this power, but wisely contents himself with calling it a 
mutual atlraciion peculiar to the particles of matter. His 
words are as follow: The particles of all hard homogi> 
neous bodies,which touch one another, coberewith a great 
force; to account for which, some philosophers have re¬ 
course to a kind of hooked atoms, which in effect is no¬ 
thing else but 10 beg the thing in question. Others ima¬ 
gine that the particles of bodies are connected by rest, i.e. 
in effect by nothing at all; and others by conspiring mo¬ 
tions, i.e. by a relative rest amrotg ihemsclves. For my¬ 
self, it rather appears to me, that the particles of bodu^ 
cohere by an attractive force, whereby they tend mutually 
toward each other: which force, in the very point of Con¬ 
tact, is very great; at lilltc distances is less, and at a little 
farther distance is quite insensible/' 

It is uncertain in what proportion this force decreases 
as the distance increases: Oesaguliers conjectures, from 
some phenomena, that it decreases as the biquadratic or 
41 h power of the distance, so that at twice the distance it 
acts 16 times more weakly, dee. 

** Now if compound bodies be so hard, aa by experience 
we find some of them to be, and yet have a great many 
bidden pores within themi and consist of parts only laid 


together; no doubt those simple particles which have no 
pores within them, and which were never divided into 
parts, roust bo vastly harder. For such hard particKt, 
gathered into a mass, cannot possibly touch in more than 
a few points; and therefore much less force is required to 
sever them, than to break a solid particle, ubose parts 
touch throughout all their surfaces, without any interme¬ 
diate pores or interstices. But how such hard particles, 
only laid together, and touching only in a few points, 
should come to cohere so firmly, as in fact we find they do, 
is inconceivable; unless there be some cause, whereby they 
are attracted and pn^ssed together. Now the smalhst 
particles of matter may cohere by the strongest attrac¬ 
tions, and constitute larger, whose attract ing force is feebler: 
and again, many of these larger particles cohering, may 
constitute others still larger, whose attractive force is still 
weaker; and so on for several successions, til) the progres¬ 
sion end in the biggest ))articlo, on which the o|>crations iu 
chemistry, and the colours of natural bodies depend ; and 
which by cohering compose bodies of a sensible magni¬ 
tude." 

Again, (he opinion maintained by many, is that which is 
so strongly defended by J. Bernoulli, De Gravitate ^Ethe- 
ris; who attributes the cohesion of the parts of matter to 
the uniform pressure of the atmosphere: confirming this 
opinion by the known experiment of two polished marble 
planes, which cohere very stongly iu the open air, but 
easily drop asunder in an exhausted receiver. However, 
if two plates of this kind be smeared with oil, to fill up the 
pores in their surfaces, and prevent the lodgment of air, 
and one of them be gently rubbed upon the other, (hey 
will adhere so strongly, even when sus|Kmdc() in an ex¬ 
hausted receiver, that the weight of the lowerplate wilt not 
be able (o separate it from the upper one. And though 
this theory might serve tolerably well to explain the co¬ 
hesion of compositions, or greoter coilectiems of matter; 
yet it falls far short of accounting fur that first cohesion 
of the atoms, or primitive corpusculcs, of which the par¬ 
ticles of bard bodies are compose<l; for a body does nut 
fall ill pieces in the exhausted receiver. 

Again, some philosophers have positively asserted, that 
the powers, or means, arc immatcria], by wjiicli matter 
coheres; and, in consequence of this supposition, they 
have so refined upon attractions and repulsions, that their 
systems appear but little short of scepticism, or denying 
tlie existence of matter altogether. A system of this kind 
is adopted by Dr. Priestley, from Messrs. Boscovich and 
Michcll, to solve some difilcultics concerning the New¬ 
tonian doctrine of light. See his History of Vision, voL 1, 
pa. 392. The easiest method/* says Priestley, of solving 
all difficulties, is to adopt the hypothesis of Mr. Boscovich, 
who supposes that matter is not impenetrable, as has been 
perhaps universally taken for grunted; but that it con¬ 
sists of physical points only, endued with powers of at¬ 
traction and repulsion in the same matiiicr as solid matter 
is generally supposed to be: provided therefore Uiat any 
body moves with a sufficient degree of velocity, or has a 
sufficient momentuin to overcome any powers of repul¬ 
sion (hot it may meet with, it will find no difficulty in ma¬ 
king its way through any body whatever; for nothing 
else will penetrate each other but powers, such us vvi* 
know do in fact exist in the same place, and counter¬ 
balance or over-rule each other. The most obvioua dif¬ 
ficulty, and ijideed almost the only one, that attends this 
hypothesis, as it supposes the mutuol penetrability of 
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iitalttT, arises from the idea of the nature of matter, and 
till- (n rpli'xity we nircl with in attempting to force two 
bodies into the same place. But it is demonstrable, that 
the first obstruction arises from no actual contact of mal¬ 
lei, but from mere powers pf repulsion. This difficulty 
we t.iTi overcome; and having got within one sphere of 
repulsion, we fancy that we are now impeded by the solid 
matter itself. But the very same is the opinion of the 
generality of mankind with respect to the first obstruction. 
Why, therefore, may not the next be aimthcr sphere of 
repulsion, which may only require a greater force than 
we can apply to make it yield without disordering the 
arrangement of the conslitticnt particles ; but which may 
be overcome by a body moving with the astonishing ve¬ 
locity of light." 

Other philosophers have supposed that the powers, both 
of gravitation and cohesion, arc material ; and that they 
are only ditVerent actions of the ethereal fluid, or elemen¬ 
tary fire. In proof of this doctrine, they allege the ex¬ 
periment with the Magdeburg hemispheres, as they are 
called. 'I'he piessure of the atmosphere, we know, is, in 
this case, capahle of producing a very strong cohesion; 
and if there he la nature any fluid more penetrating, os 
well as more powerful in its efl'ects, than the air vve breathe, 
it is possible (hat what is culled the attraction nf cohesion 
may in some measure be an effect of the action of that 
fluid. Such a fluid as this is the element of fire. Its ac*' 
tivity is such as to penetrate all bodii-s whatever: and in 
the slate in which it is commonly called fire, it acts ac¬ 
cording to the quantity of solid matter contained in the 
body. In this state it is capable of dissolving the strong¬ 
est cohesions observed in nature. Fire, therefore, being 
able to dissolve cohesions, must also be capable of causing 
them, provided its power be exerted for that purpose, 
which possibly it may be, when we consider its various 
inodes or appearances, viz, as fire or heat, in which slate 
it consumes, destroys, and dissolves; or as light, when it 
seems <toprivcd of that destructive power; and us the 
electric fluid, when it attracts, repels, and moves bodies, 
in a gtcat variety of ways. In the Philos. Trans, for 1777 
this hypothesis is noticed, and in some measure adopted 
by Mr. Henley. “ Some gentlemen (he observes) have 
supposed that the electric matter is the cause of the co¬ 
hesion of the particles of bodies. If the electric matter 
be, as I suspect, a real elementary fire inherent in all bo¬ 
dies, that opinion may probably he well founded; and 
perhaps the soldering of metals, and the cementation of 
iron, by fire, may be considered as strong proofs of the 
truth of their hypothesis." 

But whatever the cause of cohesion may be, its effects 
arc evident and certain; The different degrees thereof, 
constitute bodiesof different forms and properties. Thus, 
Newton observes, the particles of fluids, which do not co¬ 
here too stronglv, and arc small enough to render them 
susceptible of those agitations which keep liquors in a 
fluor, arc most easily separated and rarefied into vapour, 
and make what the chemists call volatile bodies ; being 
rarefied with an easy heat, and again condensed with 
a moderate cold. Those, that have grosser particles, 
and so arc less susceptible of agitation, or cohere by a 
stronger attraction, arc not separable without a greater 
degree of heat; and some of them not wiibout fermenta¬ 
tion ; and these constitute what the chemists call fixed 
bodies. 

Air, in its fi.\cd state, possesses the iotcrsticca of solid 


substances, and probably serves as a bond of union to their 
constituent parts; for when these parts arc separated, the 
air is discharged, and recovers its elasticity. And tbit 
kind of attraction is evinced by a variety of familiar ex¬ 
periments ; os, by (he union of two contiguous drops of 
mercury ; by the mutual approach of two pieces of cork, 
floating near each other in a bason of water; by the ad¬ 
hesion of two leaden balls, whose surfaces are scraped and 
joined together with a gentle twist, which is so considera¬ 
ble, that, if the surfaces are about a quarter of an inch in 
diameter, they will not be separated by a weight of 100 lb; 
by the ascent of oil or water between two glass planes, so 
as to form the hyperbolic curve, when they are made to 
touch on one side, and kept separate at a small distance 
on the other; bv the depression of mercury, and by the 
rise of w.itcr in capillary tubes, and on the sides of glass 
vessels; also in sugar, sponge, and all porous substances. 
And where this cohesive attraction ends, a power of re¬ 
pulsion begins. 

To determine the force of Cohesion^ in a variety of diflercnl 
substances, many experiments-have been made, and par¬ 
ticularly by Professor Muschenbrork. The adhesion of 
polished planes, about two incjies in di.ainetcr, heated in 
boiling water, and smeared with grease, required the fol¬ 
lowing weights to separate them : 


Plane of Glow 

CoM Greue 
1301b 

Hot Gmie 
300 lb 

Brass 

150 

800 

Copper 

200 

850 

Marble 

225 

600 

Silver 

- 150 

r 250 

Iron 

300 

950 


But when the brass planes were made to adhere by 
other sorts of matter, the results were as in the following 
table: 

With Water - - 12oa 

Oil - - 18 

Venice Turpentine - 24 

Tallow Candle - - 800 

Rosin - - 850 

Pitch - • 1400 

In estimating the Absolute Cohesion of solid pieces of 
bodies, he applied weights to separate them according to 
their length : his pieces of wood were lung square paral- 
Iclopipcdons, each side of which was *26' of an inch, or 
about i, and they were drawn asunder by the following 


Fir 

- . 600 lb 

Elm 

- 950 

Aider 

- . - 1000 

Linden-tree 

1000 

Oak 

- 1150 

Beech 

1250 

Ash 

- 1250 

He tried also wires 

of metal, 1-IOtb of a Khinland 


in diameter: the metals and weights were as 

follows: 

» Of Lead 

29} lb 

Tin 

40} 

Copper 

299t 

Yellow Brass 

360 

Silver 

370 

Iron 

450 

Gold 

500 

He then tried the Relative Cohesion, or 

the force with 


which bodies rcsis't on action applied to them in a direction 
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perpendicular to their length. For this purpose he fixed 
pieces of wood by one end into a square hole in a metal 
plate, and hung weights towards the other end^ till they 
broke at the hole: the weights and distances from the hole 
arc exhibited in the following table : 


DiscftTirc 

Pine ♦ 91 inc. 


36} oz. 

Fir - 9 

• 

40 

Beech - 7 

• 

56} 

J’llm - 9 

.. 

44 

Oak - $f 

• 

48 

Aliler - 9i 

- 

4S 

See his Elcni. Nat, Philos, cap. 19. 

The inquisitive reader may further consult 

Ritter on 


Cohesion; Gilberts Journal, iv, 1; Benzenberg on Co¬ 
hesion, xvi, 76; Fontana on Solidity and Fluidity, Soc. 
ItaK i, 89 ; and Dr. T. Young on the Cohesion of Fluids, 
in the Philos. Trans. 180.5, or in ilie 2d vol. of his Nnc. 
Philos. 

COIGNET (Micii.4El), a writer on navi<^ation, and a 
native of Antwerp, wlio fiuurislied in the latter part of the 
l6lh century, an<l died in l6'23. Jlc published h work 
on navigation in the Flemish language; which was after¬ 
wards enlarged, and published in French, under the title 
of Instruction nouvcllc dw Points plus exceilents ot nc- 
cessaires touchant I'Arl do Nuviger.'* This served as a 
supplement to Medina's book on the same subject, whose 
mistakes arc well exposed by Coignet. in treating of the 
sun^s declination, he took notice of the gradual decrease in 
the obliquity of the ecliptic, a point long disputed, but 
now settled from the theory of attraction, us well as long 
observation. He also described the cross-stuff wilh three 
transver^ pieces, which he mentioned as being then in 
common use among mariners; but he preferred that of 
Gemma Frisius. lie mentioned likewise* some instruments 
of his own invention, winch however arc now quite disused. 
As the old sea-table, above noticed, erred more and more 
in advancing towards the poles, he set down another, to 
lx* used by such as sailed beyomi the 60tli degree of lati¬ 
tude. At the end of the book is delivered a method of 
sailing on a parallel of latitude, by means of a ring dial, 
and a 24«hour glass; on which the author very much 
values bimsclf. 

COLD, the privation of heat, or the opposite to it« 

As it is supposed that haxt consists in a particular mo¬ 
tion of the parts of a hot body, hence the nature of cold, 
which is its opposite, is deduced ; forit is found that cold 
extinguishes, or rather abates heat; hence it would seem 
to follow, that those bodies are cold, which check and 
restrain the motion of the particles in which heat consists. 

In general, cold contracts most bodies, and heat ex- 
^pands them; (hough there are some instances to the con¬ 
trary, especially in the extreme case's or slates of these 
qualities of bodies. Thus, though iron, in common with 
other bodies, expand with heat, yet, when noelted, it is 
always found to expand in cooling again. So also, though 
water always [$ found to expand gradually as it is heated, 
and to contract as it cools, yet in the act of freezing, it 
suddenly expands again, and (hat with a most enormous ^ 
force, capable of rending rocks, or bursting the very thick 
shells of metal, A computation of the force of 
freeing water has been made by the Florentine Acade¬ 
micians, from the bursting of a very strong brass globe or 
ibcll, by freezing water in it; when, from the known 
thickness and tenacity of the metal, it was found that the 


expansive power of a spherule of water oiJy one inch in 
diameter, was sufficient to overcome a resistance of more* 
than 27,000 pounds, or 13 tons and a half. See also ex¬ 
periments on bursting thick iron mortar-shells by freezing 
water in them, by Major Edward Williams of the Royal 
Artillery, in the Edinb. Philos. Trans, vol.2. 

Such a prodigious power of e.spansion, almost double 
that of the must powerful sleain-enginL*s, and exerted in so 
small a mass, seemingly by the force of cold, was thought 
a very powerful argument in favour of those who sup¬ 
posed that cold, like heal, is a positive substance. Dr, 
Black $ discovery of latent heal, however, has now af¬ 
forded a very easy and natural e.xplicalion of this phe¬ 
nomenon. He has shown, that, in the act of congelation, 
water is not cooled more tlmn it was before, but rather 
becomes warmer; that as much heat is discLirged, and 
parses from a latent to a seuisiblc slate, as, had it been 
applied to water in its fluid stale, would have heated it to 
135^. In process, the expansion is occasioned by a 
great number of minute bubbles suddenly (iroduced. For¬ 
merly these were conjectured to be cold in the abstract; 
and to be so subtile, that, insinuating themselves into the 
substances of the fluid, they augmented its bulk, at the 
same lime that, by impeding the motion of its particles on 
each other, they changed it from a fluid to a solid. But 
Dr. Black shows that these arc only air extricated during 
the congehlioi); and Id the extrication of which he 
ascribi*s the great expansive force exerted by fnx.-zing wa¬ 
ter. i he only question therelurc now remaining, is, by 
wlmt means this air comes to be extricated, and to lake 
up more room than it naturally docs in the fluid. To this 
it may be answcreil, that perhaps part of the heat which 
is discharged from the freezing water, combines with the 
air in its unelastic state, and, by r(*stt>ring its elasticity, 
gives it that extraordinary force, as is set'n also in* the 
ease of air sudilenly cxlricatctl in the explosion of gun¬ 
powder. 

Cold also usually tends to make bodies electric, which 
arc not so naturally, and to increase the electric proper¬ 
ties of such as are so. And it is further found, that iill 
substances do not transmit cold with equal facility ; but 
that the best conductors of electricity, viz, metals, are also 
the best conductors of cold. It may farther be added, 
that when cold has been carried (it such an extremity as 
to render any body an electric, it then ceases to conduct 
the cold so well as bcfqrc. '1 his is cxem[>lifiod in the 
practice of the Laplanders and Siberians; where, (o ex¬ 
clude the e.xtrcme cold of the winters from their liubiiu- 
lions the more effectually, and to admit at the same lime 
a small portion of light, they cut pieces of ice, which in 
the winter season must always be electric in (hose coun¬ 
tries, and place them in their windows ; which they find 
to be much more effectual in keeping out the cold, than 
any other substance. 

Cold is the destroyer of all vegetable life, when increased 
to an excessive degree. It is found that many garden 
plants and flowers, which seem to be very stout and Hardy, 
go off at a little increase of cold beyond the ordinary stan¬ 
dard. And in severe winters, nature has provided the best 
natural defence for the corn-fields and gardens, by a co¬ 
vering of snow, which preserves such parts green and 
healthy as arc under it, while such as are not covered by 
it are either killed or greatly injured. 

^ Dr. Clarke is of opinion, that cold is owing to certain 
nitrous, and other saline particles, endued with parlicuhyt 
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figTircs |)rnpcr tf> produce such effects. Hence, sal-am¬ 
moniac, saltpetre, or salt of urine, and many other volatile 
and alkalizate salts, mixed with water, very much increase 
Its degree of cohl. In the Philos. Trans, number 274, 
M. Geoffroy relates some remarkable experiments with rc- 
guril to the production of cold. Tour ounces of sal-ani- 
tnoniac dissolved in a pint of water, made his thermometer 
dcbcuntl 2 inches and j in less than 15 minutes. An ounce 
of the same salt jiiit into 4 or 5 ounces ol distilled water, 
made the thermometer descend 2 inches and j. Half an 
ounce of sal-ammoniac mi.xt-d with 3 ounces of spirit of 
nitre, made the thermometer descend 2 inches and ; 
but, on using spirit of vitriol instead of nitre, it sunk 2 
Indies and In this last experiment it was remarked, 
that the vapoui's raiseil from the mixture had a consider¬ 
able degree of heat, though the liquid itself was so extreme¬ 
ly cold. Four ounces of saltpetiv mixed with a pint of 
w.iter, sank the ihermnmcler nn inch and but a like 
quantity of sea salt .s.'ink it only ^ of an inch. Acids al¬ 
ways proiluceil heat, even common salt with its own spirit. 
Volatile alkaline salts produced cold in proportion to their 
purity, but fixed alkalies heat. ' 

Ilul a far greater degree of cold produced by the mi.\- 
lure of salts ami aqueous fluids, was that shown by Hom- 
berg; who gives the following receipt for making the ex¬ 
periment: Take a pound of corrosive sublimate, and as 
much sal-ummoninc; powder them separately, and mix 
the powders well; put the mixture into a phial, pouring 
upon it a pint and a half of distilled vinegar, shaking all 
well together. This composition becomes so cold, that it 
can scarce be held in the hand in summer; and it hap¬ 
pened, as M. lloinbcrg was making the experiment, that 
the matter froze. The same thing once happened to M. 
Geoffroy, in making an experiment with sul-ammoniac and 
water, but it never was in his power to make it succeed a 
second time. 

If, instead of making these experiments with fluid water, 
it be taken in its congealed stale of ice, or rather snow, 
degR'os of cold will be produced greatly superior to any 
that have yet been mentioned. A mixture of snow and 
common salt sinks a Fahrenheit’s thermometer to 0; pot¬ 
ashes and pounded ice sank it 8 degrees further; two af¬ 
fusions of spirit of salt on pounded ice, sank it below 
0; and by repeated affusions of spirit of nitre M. Fahren¬ 
heit sank it to 400 below 0. This is the ultimate degree 
of cold which the mercurial thermometer will measure; 
for the mercury itself lx‘gins then to congeal; and there¬ 
fore recourse must afterwards be had to spirit of wine, 
liaphtha, or some other fluid that will not congeal. The 
greatest degree of cold hitherto produced by artificial 
means, has been SQt* below 0; which was done at Hud¬ 
son's Bay by means of snow and vitriolic acid, the ther¬ 
mometer standing naturally at 20<> below 0. Indeed 
greater degrees of cold than this have been supposed: Mr. 
Marlin, in his Treatise on Heat, relates, that at Kircriga in 
Siberia, the mercurial thcrmoinoler sunk to IJ8® below 
0; and Professor Braun at Petersburg, when he made the 
first experiment of congealing quicksilver, fixed the point 
of congelation at 3500 below 0; but from later experi¬ 
ments it has been more accurately determined, that 40® 
below 0 is the freezing point of quicksilver. 

The most remarkable experiment however was made by 
Mr. Walker of O.xford, with spirit of nitre poured on 
Glauber’s salt, the effect of which was found to be similar 
to that of the same spirit poured on ico or snow; and tbc 


addition of sal-ammoniac rendered the cold still more in¬ 
tense. The proportions of these ingredients recommended 
by Mr. Walker, are concentrated nitrous acid two parts by 
weight, water one part; of ihis mixture, cooled to the 
temperature of the atmosphere, 18 ounces; of Glauber's 
salt, a pound and a half avoirdupoisc; and of sal-ammo¬ 
niac, 12 ounces. On adding the Glauber's salt to the ni¬ 
trous acid, the thermometer fell 52®, viz, from 50 to —2; 
and on the addition of the sal-ammoniac it fell to -p. 
Thus Mr. Walker was able to freeze quicksilver without 
cither ice or snow, when the thermometer stood ar45®j 
viz, by putting the ingredients in 4 different pans, and in¬ 
closing these within each other. 

Excessive degrees of cold also occur naturally in many 
pans of the globe in the winter season. 

Though the thermometer in this country seldom de¬ 
scends so low as 0, yet in the winter of 1780, Mr. Wilson 
of Glasgow observed, that a thermometer laid on the snow 
sunk to 25® below 0; and Mr. Dcrham, in the year 1708, 
observed in Englond, that the mercury stood within one- 
tenth of an inch of its station when plunged into a mix¬ 
ture of snow and salt. At Petersburg, in 1732, the ther¬ 
mometer stood at 28® below 0; and when the French aca¬ 
demicians wintered near the polar circle, they observed 
the thermometer at 33® below 0; and in the Asiatic and 
American continents still greater degrees of cold are often 
observed. Lately, Professor Leslie, of Edinburgh, has fro¬ 
zen water, merely by evaporation in the exhausted receiver 
of an air-pump; and, it is said, he can freeze mercury in 
the same way. Mercury has also been frozen by Dr. 
Marcct, by the evaporation of ether. See Nicholson^* 
Jounml, V.34, pa. 119; als® the article Freb 2IWO in this 
Dictionary. Further, a paper of Dr. Marcel's was read at 
the Royal Society, July 8, 1813, on the intense degree of 
cold produced by the sulphurct of carbon. From the au¬ 
thor’s experiments it appears that this liquor is the most 
cvaporablc of all known fluids, or at least to produce, by iu 
evaporation, the roost intense degree of cold. If the bulb 
of a spirit-thermometer, closely enveloped in fine flannel, 
or cotton wool, be moistened with the fluid, its temperature 
falls to about 0; but if the thermometer be exposed to the 
effect of a vacuum, by being enclosed in the receiver of a 
good air-pump, it sinks to - 80®, in a minute or two. The 
congelation of mercury in glass lubes may therefore be 
most quickly and easily performed by this process at all¬ 
seasons, and under any atmospheric temperature. 

In the last bullcim of the retreat of the French from 
Moscow, in November and December 1812, the cold, there 
stated at l6 and 18 below freezing, is perhaps to be under¬ 
stood as being on the scale of Reaumur. The thermometer 
most in use through England is Fahrenheit's; and 
that scalo the cold above mentioned by the French would w 
from 8 to 11 below zero; a degree in England very rarely 
known, but common enough amidst Uie horrors of Russia; 
when*, in 1773, the Empress Catharine made the famous 
experiment on tbc ordnance shell, of the largest diameter, 
18 inchc.'». The shell was filled with water, in her pr^ 
sence, as she states, and in less than on hour the whole 
was so frozen as to buret, and with no small explosion .— 
“ Avec bcaucoup de fracas!" Some few years befwe, 
there had been ilnothcr curious experiment by Prince 0^ 
loff, who,'in a foundation for a massy brick coach gateway 
to iiis court-yard, in a soil so loose ond wet, that pile* 
must have been driven, filled so many corresponding ca¬ 
vities with water, on which, when turned by tlio frost into 
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columns, he raised the projected supcrsiructure! And at 
thut time (J77o) it bad lasted four years, and so might be 
likely to last for ever! The words of the report are, Unc 
porie cochero voutAe en briqucs, ct tres solide! Elle ex- 
iste depuis quatre acts; ec ellc existera, je crois, jusqu'a 
ce qu'on J abatli*!'* 

I he effects of these extn’mo degrees of cold are very sur¬ 
prising. Trees aic burst, rocks rcnt« and rivers and lakes 
frozen several feet deep: ineiullic substances blister the 
>kin, like rcd-liot iron: the air, when drawn in bv breath¬ 
ing, hurts tlie lungs excites a cough: even the effects 
of fire in H great measure scerns to cease; and it is observed, 
that though metals are kept for a consiclrruble time before 
a strong lirc< they will still freeze water when thrown up<in 
them. When the Trench mutheinacicians wintered at 'lor- 
iien in Lapland, the external nir, when suddenly admitted 
into their rt^oms, converted the moisture of the air into 
whirls of snow ; their bre«i»ts seemed to be rent when they 
breathed it, and the contact thereof was intolerable to their 
bodies; and the spirit of wine, which had not been highly 
rectified, burst some of their ibcnnomcters by the conge¬ 
lation of the aqueous part. 

Extreme cold often proves fatal to animals in those 
countries where the vvinien arc very severe; thus 7000 
Swedes perished at once in attempting to pass the 
mountains which divide Norway from Sweden# But it is 
not necessary that the cold, in order to destroy litiiuun life, 
should be so very intense as has just been mentioned; it is 
only requisite to be a little below 32^ of TaUrenheit, or the 
freezing point, accompanied with snow or hail, from w'^ich 
shelter cannot be obtained. The snow whiclt falls upon 
the clothes, or the uncovered parts of the body, then melts, 
and by a continual evaporation Carrie'S off the animal lu^t 
to such a degree, that a sufficient quantity is not left for 
the support of life. In such cases, the person first fiH*ls 
himself extremely chill and uneasy ; he turns listless, un¬ 
willing to walk or use exercise to keep himself warm, and 
at last turns drowsy, shs down to refresh himself with sleep, 
but awakes no more. Sec Frbeziko# 

A striking illustration of these effects of cold is related 
by captain Cook, in an occurrence wipch took place du¬ 
ring a botanical excursion of Sir Joseph Banks and ,Dr* 
Solandcr among the hills of Terra tiel Fuego* The patty, 
consisting of 11 persons, were overtaken by darkness, and 
obliged to spend the night on the bills, during extreme 
cold. Dr. Solandcr, who had more than once crossed the 
mountains which divide Sweden from Norway, well knew 
that extreme cold, especially when joined with fatigue, pro¬ 
duces a torpor and sleepiness that arc almost irresistible; 
be therefore conjured the company to keep moving, what¬ 
ever pains it might cost them, and whatever relief they 
might be promised by an inclination to rest: ** Whoever 
siu down,'^ said he, ** will sleep; and whoever sleeps, will 
wake no morc.^^ 'I’hus at once admonished and alarmed, 
they set forward; but while they were still upon the naked 
rock, and before ihe^ had got among the bushi's, the cold 
became suddcnlv so intense, os to produce the effect that 
had been most dreadciJ; Dr. Solandcr himself was the first 
who found the inclination, against which he had warned 
others, irresistible, and insisted upon being suffered to lie 
down. Mr. Banks entreated and remonstrated in vain; 
down he lay upon the ground, though it was covered with 
mow; and it was witJi great difficulty that his friend kept 
him from sleeping. Richmond also, one of the black ser¬ 
vants, began to linger, having suffered from the cold in the 


same manner as tlic Doctor. Mr. Banks tluTelurc sent 5 
of the company forward! to get a rirc ready at the fir^i con¬ 
venient place thiy ctuild find; and himself, with 4 others, 
remained with the Doctor and Richmond, hum parti) by 
persuasion and etitreat), and partly h) force, they brought 
in; but when they had got throu^t) the greater part of the 
birch and sv^amp, they both declared they could go no 
farther. Mr. lianks fad recourse again to entreaty and 
expostulation, but they produced no effect. When Rich¬ 
mond was told that it he did not eo on he would in a short 
time be fr^^zen to death, he answeretl that Ik* desirt‘d no¬ 
thing but to lie down and die. Tlie Doctoi did not so ex¬ 
plicitly renounce his life; be said he WH^ mlhng to go on, 
but that be must first lake some slce*p, thougli he liad be¬ 
fore told the company that to sleep uas to perish. Mr. 
Banks and tlic rest found it impossible to r.tirN them, and 
there being no remedy, they were both sullV rid to sit doun, 
being partly supported by the bushes, oiui in a few iniiniti s 
they fell into a profound sleep. Soon after some of tlie 
people who had been sent forward returned with the wel¬ 
come news, that a fire was kindled about u quarter of a 
mile farther on the way. Mr. Banks then etuhavoureJ to 
wake Dr. Solander, arul happily sucecMlrd; but, cliough 
he had not slept five minutes, he liad ainir)st lo'^t the use of 
his limbs, and the muscles were so shrunk, that his shoes 
tell from his feet;—he consented to go forwaul with such 
assistance as could be given him; but no attempts to rcHiVc 
poor Richmond were successtul. He, togetlur with ano¬ 
ther black left with lum, died. Several others began to 
lose their sensibility, having been exposvd to ihe cold iind 
snow near an hour and a h;ill, but the fire recovertii 
them. Sec Captain Cookes first Voyage; also Rees's Cy¬ 
clopaedia, art. Cold. 

COLLECTOR, in Electricity, is a small njipendage to 
the prime conductor of the electrical machine, and gene¬ 
rally consisting of pointed wires, affixed to that end of the 
prime conductor which stands contiguous to the glass 
globe, or cylinder, or other electric of the machine. Its 
office is to receive the electricity, whether positive or ne¬ 
gative, from the excited electric, much more readily than 
the blunt enrt of the prime conductor would be nblc to 
receive it, without that tippcndftge. 

COLLEGE (Royal Military), was instituted in 
1799? under the direction of 12 commissioners, a governor, 
and professor of mathematics. It consists of two depart¬ 
ments; the senior, established first at High Wycombe, and 
the junior ut Great Marlow, in Buckinghainshirr, each 
under the care of a commandant, hU))erintondunt, and ad¬ 
jutant, and under the instruction of a numbi'r of able ma¬ 
sters in different branches of science. But in the year 
1613 the senior department has been removed to Earnham, 
and the junior to Sandhurst, near Bugshot, Surrey. The 
pupils in the senior department arc y’oung officers who 
have received their commissions; those in the junior de¬ 
partment are gentlemen cadets, amounting to about 3 or 
400 in number, are educated and fitted for commissions 
in the army, each cadet paying a certain annual sum, to¬ 
wards the expense of bis education and muintonance, &c. 

College, Natal, the new name of the Naval Academy 
at Portsmouth. See Academy. 

COLLIMATION, Line o/, in u telescope, is a line pass¬ 
ing thniugh the intersection of those wires that aiv fixed 
in the focus of the object-glass, and the centre of the Munc 
glass* 

COLLINS (John), un emincot accuuntuiu and iiKnln- 
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Diatinat). wa^ borfi at Wood ICaton near Oxford, March 5, 
lf)!24. lie received hi^ cducalioa from liis fothcr, a dis- 
M tuin.: mnusjrr, and at 16' year2> rif age was pul appren- 
lire to a lioolAcller ai Oxford; hut sooh after the com-' 
ituncciiuiU <d the civil wars he became a clerk of the 
l^dice id WakVs kitcluMK In this situation lie was under 
tin* MjpiTintendenrc of Mr'Marr, a good mathematician, 
and lamoiis lor tiie dials with v>liich he adorned the king's 
gunleiis. Krom hence lie travelled ubroa<t, to prosecute 
In', f.tvouritv' study ; and on his return he took upon liim 
ilu' profession of an accountant, and |>nblished, in the year 
1 6 ^:^, a large \s ork i iuitled, An Introduction to Merchants 
Acc•onIl>l^; wliich was followed by several other publica« 
lions on dilferenl branches of accounts* In i658, hepul^ 
ll^hed a lieaiise called The Sector on a Quadrant; con* 
turning the description and use of four several quadrants, 
eacli accoinmod.ited To the making of suO'dials, &c; to 
whicli lie aftervvard^ abided an appendix concerning rc* 
(lected <liHlling, from a glass placed rcclining.-^ln 16599 
he published his Cieometrical Dialling; and the same year 
also his Mariner > Plain Scale new plained.^Collins now 
became a Telluw' of the Royal Society in London, to which 
he made various communications; particularly some in* 
geiiious chronological rules for the calendar, printed in 
tile Philos« 'Prans. number 46, for April I6691 also a cu¬ 
rious dissertation concerning the resolution of equations 
ill numbers, printed also in the IVans. for March l671: 
an elegant construction of the curious problem, Having 
given (he mutual distances of three objects in a plane, with 
the angles made by tlu in at a fourth place in that plane, 
to find the distnnc(M)f this place fr4)m each of the three 
former, vo). 6, pn« : and thoughts about some defects 
in algebra, voL 14, pa. 375. 

Collins wrote also several commercial tracts, highly ac¬ 
ceptable to the public; vi7, A Flea for bringing over Irish 
cattle, and keeping out the fish caught by foreigners:— 
For the promotion of the F.nglish fishery:—Fur the work¬ 
ing of the Tin-minesA discourses on Salt and Fishery* 
He was frequently consulted in nice and critical cases of 
accounts, of commerce, and engineering. On one of these 
occasions, being appointed to inspect the ground for cut¬ 
ting a canal or river between the Isis and the Avon, he con¬ 
tracted a disor<ler by drinking cider when lie was too 
warm, which ended in his death the lOili of November" 
1683, at 59 years of age. 

Mr. Collj^s was a very useful man to the sciences, keep¬ 
ing up a constant correspondence with the most learned 
men, both at home and abroad, and promoting the publi¬ 
cation of many valuable works, which, but for him, would 
never have been introduced to the public; particularly 
Dr. Barrow's optical and geometrical Lectures; his abridg¬ 
ment of the Works of Archimedes, Apollonius, and Theo¬ 
dosius; Brunker's translation of Rhronius^s Algebra, with 
Dr* PelFs additions, &c; which were procured by his fre¬ 
quent solicitations. 

After a considerable time had elapsed, his papers were 
all delivered into the hands of the learned and ingeniouB 
Mr. William Jones, f. n. 5, among which were found ma¬ 
nuscripts, on mathematical subjects, of Briggs, Oughtred, 
Barrow, Newton, Pell, and many others. From a variety 
of letters from these, and many other celebrated mathe¬ 
maticians, it appears that Collins spared neither pains nor 
expense to procure what tended to promote real science: 
and even many of the late discoveries in physical know¬ 
ledge arc indebted to him for their improvement; for 


while he cxciicd some to make know'n cverj* new and 
useful invention, lie employed others to improve them* 
Sometimes ho was peculiarly useful, by showing where 
the defect was in any useUil branch of science, pointing 
out the diflicullics attending the inquiry, and at other 
limes setting ft)rih the advantages, and kiTping up a spirit 
and warm desire for improvement. Mr. Collins was also 
as it were the register of all the new improvements made 
in the tnalhcmnlicul sciences ; the magazine to which the 
curious had frequent recouisc: in so much that lie ac¬ 
quired the appellation of the Lnvli^h Mersennus. If some 
of his correspondents had not obliged him to conceal their 
communications, there coiihl have been no dispute ahuut 
the priority of the invention of a mcthoil of analysis, the 
honour of which evidently belongs to Newton; as appi*ars 
undeniably from the papers printed in the Comiocrcium 
Fpistolicum I), Joannis Collins ct aJiorum dc Analysi 
promota; jussu Socictatis Hcgiae in lueem editum, 1712; 
a work that was composed from the letters in the pos¬ 
session of our author* 

ColliksT Smjrani . Sec Quadrant. 

COLLISION, is the percussion or striking of bodies 
against each other. Striking bodies arc considered either 
os clastic, or non-elastic. They may also be either both 
In motion, or one of them in motion and the other at ri*sl* 
When nun-elastic bodit^s strike, they adhere together as one 
mass; which, after collision, cither remains at rest, or 
moves forward os one body. Bui when elastic bodiw 
strike, they always sepamto after the stroke. The prin¬ 
cipal theorems relating to the collision of bodies, arc the 
following: 

1. If any body impinge or act obliquely on a plane sur¬ 
face ; ibe force or energy of tlic stroke, or action, is as the 
siue of the angle of incidence. Or the force upon the sur¬ 
face, is to the same when acting perpendicularly! as ibu 
sine of incidence is to radius. 

2. If one body act on another, in any direction, and by 
any kind of force; the action of that force on the second 
body is made only in a direction perpendicular to the sur¬ 
face on svhicti it acts. ' 

3. If the plane, acted on, be not absolutely fixed, it 
will move, after the stroke, in the direction perpendicular 
to its surface. 

4. If a body a Strike another body b, which is either at 
rest, or else in motion, either towards a or Iroro it; then 
the momenta, or quantities of motion, of the two bodies, 
estimated in any one direction, will be the very same aftiT 
the stroke that they were before it. 

A B C 

O—-0^--i 

Thus, first, if A with a momentum of 10, strike B atrwt, 
and communicate toil a momentum of 4, in the direction 
AB. Then there will remain in a only a momentum of 6 
in that direction: which together with the momentum of 
B, viz 4, makes up still the same momentum between ih^ 
as before.—But if b were in motion before the stroke, with 
a momentum of 5, in the same direction, and receive from 
A an additional momentum of 2t then .the motion of a 
after the stroke will be 8, and that of b, 7; xvhich toge¬ 
ther make 15, the same ns 10 and 5, the motions before 
the stroke.—Lastly, if the bodies move in opposite direc¬ 
tions, and meet each other, ramcly a with a motion of 
and B, of 5; and a communicate to b a motion ^f®^ 
the dfrcction ab of its motion; then, before the stroke, the 
whole motion from both, in thcdirecdoo ab, is 10 — 5 ,or 


COL 


COL 



[ 397 J 

5: but after the stroke the motion of a is 4 in the dircc- in one and the same direction. So, if the clastic bodv b 
tion A B, and the motion of b is — 5, or 1, in the same move with the velocity v, and overtake the elastic body 
direction ab; therefore the sum 4 1, or 5, is still the moving the same way, with the velocity p; then tht'ir re* 

same motion from both as it was before. lative velocity, or (hat with which they’strike, is only 

5. If a hard and fixed plane be struck either by a soft or v-p; and it is with this same velocity that they separate 
a hard unelastic body; the body will adhere to it. But from each otliiT after llie stroke; but if they meci each 
if the plane be struck by a perfectly clastic body, it will other, or the body i move contrary to the body d ; then 
rebound from it with the same velocity with which it struck they meet and strike with the velocity v -e p, and it is with 

theplane. • ' thesame velocity that they separate again, and recede from 

V. lilt? cflect ot the blow of the clastic body, upon the each other alter the stroke : in like inaiincT, they would 
plane, is double to that ol the non^clablic one; the vclo- separate with the velocity v of d, if b were at rest before* 
city and mass being the same in both. the stroke. Also the sum of the velocities of the one botly 

7. Hence, nonnOaslic bodies lose, by their collision, but is equal to the sum of the others. But whether they move 

half the motion that is lost by clastic bodies; the masses fon>ai*ds or backwards after the impulse, and with what 
and velocities being equal. particular vfclociiies, are circumstances that dcpen<l on the 

AQ OC various masses and velocities of the bodies before the stroke, 

and are as ^peci^ied in tlienc.xt theorem. 

11. If the two elastic bodies b and b move directly to- 
T\ y' wards each other, or directly from each other, the fonm r 

1}.. -_1-: with the \elocily v, and the latter with the velocity v, 

then, after their meeting and impulse, the respective vclo- 

8. If an elastic body A.impinge upon a firm plane de at ** ^ direction Bc, in the three cases of 

the point B, it will rebound from it in an angle equal to - 

that in which it struck it ; or the angle ofincidcncc will be ——■ * - ^ the velocity of b, 
equal to the angle of reflection: namely, the angle abd aav-fB-Wu 
= CUE. ---the velocity of b, 

h 2 C bodies both moved towards c before the stroke; 

9- If the non-elastic body B, moving with the velocity - a/t)-i-fa -/•) v . 

V in the direction and the body b with the velocity p, -velocity of u, 

strike each other, the direction of the motion being ill the ^»v + fa. ,, 

line BCj then they will move after the stroke with a com- » + * the velocity o(b, 

mon velocity, which will he more or less according as, bc- *» »>ovcd towards c, and b towards b before the stroke; 

fore the stroke, b moved towards b, or from a, or was at 

rest;andthatcoinraoiivclocity,incachofthcsccases,wiU iZ± ^ v the velocity of b 

be as follows: vjz, 'tiuciiy ui a, 

when b moved from b, ^ ^ velocity of 

whe 4 moved toward, B. »h*n i was at ecu before the etroke. 

when b was at rest. obliquely, are thus determined. 

For example, if the bodies or weights, b and b, he 6lb pO;—.. 

and 3lb; and their velocities v and v, 60 feel and 40 feet * - 

per second; then 300 and 120 will be their momenta bv f .;:>pl 

and ip, and 8 s b -f- i the sum of the weights. Conse- • 

quently the common velocity after the stroke, in the three ^.iST.. 

cases above-mentioned, will be thus, vIb, / : 

000 + 130 430 ^ i / Gr. 

—;— ™ ~ X/ ■ 

aoo -180 ISO . 

- - or 22} thr rveond <;a«, Lc, „ui,Bcdi,cc..o„r 

v ■ ■ • or 37i in the third case. cafl* ptlier at a, with vclociucs which 

in If _a- , are in proportion to the lines BA, iA. LetCAH irnreseni 

w. il two perfectly clastic bodies impinge on each P>anc in which the bodies touch in the uoint of con- 

with the saral^oio^* »>)1 recede from each other complcu* the rectangles ce, dp. Now the motion in da is 

^itb me same velocity with which they approached and resolved into the two bc,ca; and the motion in Aa is re- 

If U not u t. .. • solved iHto the two Ad, da ; of which the antecedents bc, 

will h that each body are the velocities with which they directly meet, and 

the m^ of il.r Mcording to the rcIaUon of these the bodies do not impinge on each other, and consc^^ 

one after th» ■iroVn velocity of the quently the motions according to these directions will not 

Sr deerilV : 7“ increased, and the bo changed by the impulse; so tbit the volociUcs wllh 

VoL. “«“« difference as before, which the bodies meet, are as bc or^A, and bo or pa 

* ‘ 2X 
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Thf motions llicretDrc of iho bodies b, h, «l»roctly striking 
racl« t-tlK-r With ihttHcriiics TAyVA, will bo dotcrminod 
by art. 11 or y, accor«ling ns tlie bodies arc clastic or non- 
«I’astk ; which being done, li t AG be the- v. incity, so do- 
t, rmino.cJ, of one <-f tin m, ns a ; and since there ronmins 
also 111 the same body a force of moving in the direction 
inrjilel to Bn, with a velocity as bk, make ah equal to 
nr. iitui coni}>l<te the rectangle gh : then the two mo- 
iicin in AH and ag, or iii, arexompoynded into the diii- 
gotiiil At, which therefore vtill be the path and celerity of 
The body H after the stroke. Anil alter the same manner 
l^ the motion of the other body b determined alter the iin- 
part. 

I 1 he bluu* of llie coinnvm centre of gravity of bodies 
IS nul aHiclcd by the collision or other actions of those 
bodies on eacli other. 'Ihiil is, if it were at rest before 
their collision, so will it be also at rest after collision; and 
if it wi re moving in any direction, and with any velocity, 
before collision; it will do the very same after collision. 

See more on this subject under the article Percussion. 

COLONNADE, a peristyle cfa circular figure; ora 
<eries of columns disposed in a circle, and insulated within- 
side. 

COI-OUH, a property inherent in light, by which, ac* 
cording to the various sizes of its parts, or from some other 
cause, II excites iliffercnl vibrations in the optic mTVB ; 
which, propagated t:> the sen^orium, ullict the mind with 
dillereiU sensations. See the doctrine of colours fully ex¬ 
plained underCVirom«/icJ. See alsoOPTics,A chromatic, 
and 'I’ELF.scopr.. 

COI.SON (John), R respectable mathematician, who 
flourished about the beginning of the 18th century, and 
who appears to have been a Cambridge scholar. Wc first 
notice him as author of some papers in the Philos. Trans, 
viz, one in vol. 25 (an. 170?) on The Universal Resolution 
of Cubic and Ricjuadralic Equations; n second in vol.3+, 
on Negative-Aftirmativc Arithmetic; and 3dly, in vol. 39, 
on the Consiruciioii and Use of Spherical Maps. He was 
also author of several separate works; as, The British 
Hemisphere, being a map of a new contrivance, in the 
form of a half globe, of about 15 inches in diameter, but 
comprehemling the whole known surface of the habitable 
earth, the city of l^ndon being (he centre or vertex of the 
map. In 1736 he published a translation from the Latin 
of Sir Isaac Newton's Mctliod of I'luxions an<l Infinite 
Series, with a large comment on the whole work, consist¬ 
ing of annotations, illustrations, and supplements. At the 
date of this publication Mr. Colson was in the situation of 
master of Sir Joseph Williamson's free mathematical 
school at Rochester, and a r. r. s. Three years after this 
we find he succeeded Mr. Sanderson as Lucasian Professor 
of Mathematics at Cambridge, a situation which he held 
for 20 years, after which he was succeeded, in 1759. by 
Dr. Waring; though Mr. Colson lived till Dec.20,1760. 
The character of onr author seems to have been chiefly 
that of minute precision and patient laborious industry. 
His paper on the solution of cubic ond biquadratic equa¬ 
tions above-mentioned, is founded nearly on the idea of 
the solution by Descartes,^by assuming the biquadratic as 
equal to the product of two quadratics with indctermihktc 
coefficients, 'i’ha consfriiction of the equations also, by 
means of the circle and parabola, is in imitailoh of the 
like constructions o^escartes in hisGcometi^,anil ofMr. 
Baker in his Oeorqurical Kcv. Mr. Colson, it Seems, was 
80 well .pleased wira the Analyticul Institutions of the Sis- 
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iiora Agnesi, Ibut he made an entire trauslhlion of that 
lady's woik, from (he Itulian, the Copy of which was found 
among liis papers, and published at (he expense of Mr.. 
Baron Musi-res in 2 volumes 4lo. 

COLUMBA Noachi, Noah’s Dove.asmall constellation 
in the boulhein hemisphere, consisting of 10 stars. 

COLU.MN, in Architecture, a round pillar, made to 
support or .idnrn a building. 

'I'lic column is the principal part of an architoctonical 
order, aiul is composed of three parts, the base, the shaft, 
and the capital; each of which is subdivided into a num¬ 
ber of lesser p.Trts, called members, or mouldings. 

Columns arc dift'erenl according to the different orders 
in which iliey arc u»c-d ; and also according to their mat¬ 
ter, constfticiion, form, disposition, and purpose, The 
proportion of tire length of each to its diameter, and the 
diminution of the diameter upwards, arc diversly stated by 
difl'erent authors. The medium of them is nearly as fol¬ 
lows : 

'I’he Tuscan is the simplest and shortest of all; its height 
3i diamelerB, or 7 modules; and it diminishes J part of 
its diameter. 

The Doric is more delicate, and adorned with flutingi; 
its height 7i or 8 diameters. 

The Ionic is more delicate still, being 9 diameters long. 

It is distinguished from the rest by the volutes, or curW 
scrolls in'iis capital, and by its base, which is peculiar to it. 

The Corinthian is the richc-st and most delicate of all 
the columns, being 10 diameters in length, and adorned 
with two rows of leaves, and stalks or stems, from whence 
spring out small volutes.' 

The Composite column is also 10 diameters long, ils 
capital adorned with rows gf leaves like the Corinthian, 
and with angular voluti's like the Ionic. 

COLURES, are two great circles imagined to intersect 
at right angles in the poles of the world, and to pass, the 
one through the equinoctial points Aries end Libra, and 
the. other through the solstitial points Cancer and Capri¬ 
corn; whence they are called the Equinoctial and Solsti¬ 
tial Colurc^. By thus dividing the ecliptic into four equal 
parts, they mark the four seasons, or quarters of the year. 

It is a matter of dispute over what part of the back of 
Aries the equinoctial colure passed in the time ,of Hip¬ 
parchus. Newton, in bis Chronology, takes it to have 
been over the middle of this constellMiqn. Souciet insists 
that it posscil over tho dodccatemorion of Aries, or mid¬ 
way between the rump and first of the tail. There are 
some observations in the Phihos. Trans, number 466, con¬ 
cerning the position of this colure in the uncient sphere, 
from a draught of the Constellation Aries, in the Aratsa 
published at Leyden and Amsterdam in l662, which ap¬ 
pears to confirm Nbwton’s opinion; but the antiquity and 
authority of the original draught may still be questioned. 

COMA Berenices, Berenice’s Hair, a modern con¬ 
stellation of the northern hemrsphorc; composed of un¬ 
formed stars between the Lion's tail and Bootes. 

It is said that this constellation was formed by Conon, 
hn astronomer, to console the queen of Ptolefny Euctgel«» ' 
for the loss of a lock of her hair, which was stolen out of 
the temple of Venus, where she had dcdicah^il on ac¬ 
count of a victory obtained by her husband. 

The stars in this constellation are, in TyAbS cata¬ 
logue 14, in Hcvelius's 21, and in the tirltannic cuta- 
loBua 43. 

JcgMBINATIONS, denote the alteruatioW or nria- 
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tions of any number of quantities, letters, sotuiHs, or the 
like, in all possible ways. Mcrseimc gives the cumbina* 
tions of all the notes and sounds in music, as far as 6'4; 
the sum of which amounts to a number expressed by 90 
places of figures. And the number of possible combina¬ 
tions of the 24 letters of the alphabet, taken first two by 
two. then three by three, and so on, according to Prestel’s 
calculation, amounts to 

139172+288887,252999+25128493+02200. 

rather Truchet, in ftlem. dc PAcad. shows, that two 
square pieces, each divided diagonally into two colours, 
may be arranged and combined 6+ ditlerent ways, so as to 
lorm as many different kinds of chequer-work : a circum- 
stance worthy the attvnlioti of masons, paviours, 6:c. 

Doctrine ©/‘Combinations. 

I. Having gicai any numOer of things, uith the number 
in each combinaliou; to find the number of combinations, 

1. IVhen only tu,o are combined together. 

One thing admits of no combination. 

Two, a and b, admit of one only, viz, ab. 

Throe, a, b, c, admit of three, viz, ab, ac, be. 

Four admit of si.v, viz, ab, ac, ad, be, bd, cd. 

Five admit of ten, viz, ab, ac, ad, ae, be, bd, be, cd, 
ce, de. 

Whence it appears that the numbers ofxombinalions, 
of two and two only, proceed according to the triangular 
numbers 1, 3, 6, 10, 15,21, &c, which arc produced by 
the coiuinuul addition of the arilbmeiical series 0, 2, 

4, 5, &c. So (hat if n be the number of things, then 
the general formula for expressing the sum of all their 

s % 

combinations by twos, will be 


fore ihe said sum, or whole number of all 
tions, will be 


rpi Nil. , 


(I 1- )n — 1, or 2" ^ /I 


1 . *1 hu^ if llie iiMii)I 


n . fri 1) 


of things be 5 ; then 2’ - 5-1= 32 - 6 = 20. 

11. To find the numbet of Chumies and Aiieranons xe/inh 
any number of quantities can undergo, when coinhined in all 
possible varieties of ways, ii.ii/i themschei and each other both 
as to the things themselves, and the (hder or Position of them. 

One thing admits but of one order or posiiion. 

Two things may be varied four ways; thus. an. u'l, 
ba, bb. 

Three quantities, taken by twos, may be vamd nine 
ways; thus, aa, ub, ac, ba, ca, bb, he, cb, cc. 

In like manner four things, taken by twos,maybe varied, 
4* or l6 ways; .and 5 things, by twos, 5’ or 25 ways ; and! 
Ill general, n things, taken by iwos, may be changed or va- 
rierl ir different ways. 

For the same reason, when taken by threes, tlie chanl’.•^ 
will be n'; and when taken by fours, they will bo n'; and 
so generally, when taken by «’s, the changes will bo n". 

Hence, then, adding all these together, the whole num¬ 
ber of changes, or combinations in ii ihines. taken both by 
2s, by 3 », by 4 s, &c, to n’s, will be the sum of the geo¬ 
metrical scries, n -t- n’ n* -t- »i'-n", which sum is = 

n» — 1 

-r X n. 

n— 1 

For example, if the number of things « be 4; ihiscivcs 
4‘-i . ass ® » b 

— X 4 = — X 4 = 340. 

And ifn be 24, the number of letters in the alphabet ; 
the theorem gives 


24^ — 1 


Ibus, iffi = 2; (his becomes 


7 . i 


If n s 3;, it is 


3 .2 
3 

4 . 3 


= K 

c=3, 

— 6. &c. 


24 =(24« - I) » - = 


If n ss 4; it is 

2. What three ate c</rnhineJ together; then 
Three tilings jidiiiit ot one ordoi'i aAc. 
tout admit of 4; viz* al/c, ahd, acd, bed. 

Five admit of 10 ; viz, aAc* aAd, abe^ «cd* ace^ ade, bed, 
bee, bde, ede. And so on accordini; to the first pyramidal 
numbers I, 4, 10, 20, &c, which arc fo l ined by (he con* 
Onual addition of the former, or triangular ntimbcrs I, 3, 
6, 10, And the general forinuln for any number n 

of combinations, taken by threes, ^ 

3.9.1 


•2 

3 


6 

4 


3 


= 1. 

=5 4. 

=: 10.&C. 


So, if nssS; it is 
If n 55 4; it is 

If n s 5; It is 

o 

Proceeding thus, it is found that a general formula for 
any number n of tilings, combined by m at each lime, is 

• —n — 9 n — 3. . 

* i' * * —— * — —occ,continued tom factors, 

or terms, or til) ihc last fiictor in the denominator be w,* 
So, in 6 thiogi, combined by 4's, the number of com* 

binationsii — ^ ^ ‘ 2 a IS« 


1 


1 .a. a. 4 

3. By fiadiog all these scries together, iheir sum will 
he the whole number of possible combinations of n things 

lhe"'!!irHl.5;°*^ by tWOT, by threes, by fours, &c. And as which makes ils escape, unless the c^xDflrimcnl be 
i c^flicenis of the power ed in proper vessels.* If it be collecSpit is fou 


— t 

139J724288S87252999425128493402200. In so many 
different ways, therefore, may the 24 letters of the nl)iha- 
bet be varied or combined among themselves, or so many 
different words may be ntadc out of them. 

COMBUST, or Combustion, is said of a planet when 
it is ill conjunction with the sun, or not distant from it 
ab<»vc half their disc. But according to Argol, a planet 
is. Combust, or in Combustiou, when it is within of 
the sun. 

COMBUSTION, In Chemical and Natural Philosophy, 
a term denoting the decomposition of certain substances 
accompanied by light and heat. 

^ When a stone or a brick is heated, it undergoes no 
change, except an augmentation of temperature; .ind when 
left to itself it soon cools again, and becomes as at first. 
But with combustible bodies the case is very different. 
When heated to a certain degree in the ojK-n air, they.sud- 
denly Iwcome much hotter of theinselvi>s ; continue for a 
considerable time intensely hot, sending out a <opious 
stream of caloric and light to the Miiroundiug bodies. This, 
emission after a certain period begins to diminish, and at 
last ceases altogctUrr. The combustible has now under¬ 
gone a complete change; it is converted into a substance 
possessing very diffen'nl properties, and no longer capabh* 
of combustion. Thus, when charcoal is ke[»i for some time 
at the leinperuturc of about SOQO, it kindh-s, bcconK !t in- 
tensely hot, and Continues to emit light nnij caloric fiir a 
long lime. ^Vhe^ the emission cegses, the charcoal has all 
disappeared, except an inconsiderable residuum of ashes; 
being alniusl entirely coivvcrtod into carbonic acid gas, 

.- - —- - • • conduct- 

found to ex- 


- of „ 1 .• , ;-cu ju piuper vessels, ii ii oc coiiectco, it is louiul to ex- 

of a bmoraiah wanting only the first two 1 and n; there- greatly in weight the whole of the charcoal consumed 

2X2 
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Previous to tire I7tl» century, tlie llieory of combustion 
\<.u> but little untlcrjlood or attended to. Since ibal pe¬ 
riod the labours of Biicon and Boyle, and Hooke and 
Mayow, toitether uitli those of Stahl and Lavoisier, liase 
thrown much light on the subject, particularly the theory 
of l-Tvoisicr, which is by far the most raHonal that have 
yet been olfercd to the public. He corrects the errors of 
111' predecessors, and has advanced before them one very 
iiiiportuiil step; but many new steps are still wanting to 
render his theory of combuktion complete. It explains 
inricod, in a satisfactory manner, why during the process of 
combustion the burning body gratlually wastes away; but 
it gives no explanation of the constant emission of heat and 
light, though a circumstance as wdrthy of attention as the 
wasting of the body. 

Dr. Thomson, admitting the truth and accuracy of the 
L;ivoiscriun theory as far as it proccinis, divides the bodies 
which occupy the attention of chemists into:—1. Com¬ 
bustibles; Q. Supporters of combustion; and 3. Incom¬ 
bustibles. 

The combustihlen, or those bodies which in common Istn- 
gujige are said to burn, may be divided into, 1. Simple 
combustibles; 2. Compound combustibles ; and 3. Co|n- 
buslible oxules. Simple combustibles are, sulphur, phos¬ 
phorus, carbon, hydrogen, ami all the metals, except per- 
haps gohl, silver, and mercury. Compotind combustibles 
consist of compounds formed by the sinrple combustibles 
uniiing together two ami two; and combustible oxides arc 
cotn))osed of one or moic simple combustibles coiiibined 
with a dost of oxygen. These oxides may be arranged 
under two heads: via, those containing only a single baft 
combined with oxygen may therefore bo termed simple 
combustible oxides; and those containing more than one 
base may therefore be termed compound Combustible ox¬ 
ides. The simple combustible oxides arc only four in 
number; namely, oxide of sulphur, oxide of phosphorus, 
charcoal, nnd carbonic oxide gas. All the simple com¬ 
bustible oxi<its are by combustion convened into acids. 
'I’he conipoiiiid combustible oxides Include by far the 
grt“afer number of combustible bodies; for almost all the 
animal and vegetable substances belong to them, and the 
double base is usually carbon and hydrogen. 

The supporters of combustion are a set of bodies which 
arc not of ihemse-lves, strictly speaking, capable of under¬ 
going combustion, but which are absolutely necessary for 
the process. All the supporters known at present arc six; 
viz,— 1. Oxygen gas; 2. Air; 3. Gaseous oxide of azole; 
4. Nitrous gas; 5. Nitric acid; nnd 6. Oxy-murialic acid. 
There are other substances to which the author gives the 
nardc of purtiut supporters; but all supporters contain one 
common principle, namely, oxygen. 

The incombustible bodies arc neither capable of under¬ 
going combustion themselves, nor of supporting the com¬ 
bustion of bodies that are. Of course they arc not imme¬ 
diately connected with combustion; but they arc noticed 
here because some of the alkalies and earths which belong 
to this class possess certain properties in common with 
combustibles, nnd are capable of exhibiting phenomena 
somewhat analogous to combustion; phenomena which 
Dr. Thomson describes under the title of semi-combustion. 

From these observathins it is obviyus, that in every case 
of combustion there must be present a combustible and a 
supporter; and Lavoisier ascertained beyond a dui^bt, that, 
during the procea^ the combustible always unites with the 
oxygen of the supporter. This new compound Dr. Thom¬ 


son calls H proiluci rtf combustion; and maintains that every 
such product IS either water, or an acid, or a metallic ox> 
idc. He admits indeed tliat other bodies sometimes make 
their appearance during combustion; but affirms that these, 
on examination, will be found neither to be products, nor 
to have undergone conibusti<>n. b<e Nicholson’s Journal, 
vol. 2. 2d senes; also Ur.Thomson’s Ciicmislry. 

COMI-T, a heavinly body in the planetary ngion,ap¬ 
pearing suddenly, and again disiipp< ariiig; and during the 
lime ot its appearance moving in a pioper, though very 
exceiitric orbit, like a planet. 

Comets are vulgarly called Blazing Stars, and have this 
to distinguish them from ocher stars, that they an? usually 
uitended With u lung train of light, tending always oppo¬ 
site to the sun, and being of a tainler lustre, tlie tarlhcrit 
is from the body of the comet. And lu-nct arises a po¬ 
pular division ot comets, into three kinds, viz, bearded, 
tailed, and hairy comets.; though m reality, this division 
nilhcr relates to the several circumstances of the same 
Ci.inct, than to the phenomena of several. Thus, when 
the comet is eastward of the suii, and moves from him, it 
is said to be bearded, because the light precedes it in the 
manner of a beard : when the comet is westward of the 
sun, and sets after him, it is said to he tailed, because the 
train of light follows it in the manner of a tail: and lastly, 
when the sun and comet are diametrically opposite, the 
earth being between them, the »lrain is hid behind the 
body of the comet, excepting the extreniitii’s, which, be¬ 
ing broader than the body of ifie comet, appear as it wer6 
aronml it, like a border of hair, or coma, from which it is 
called hairy, nml a comet. But there have been comets 
whose disc was as clear, round, and well ilcfincd, as that 
of Jupiter, without either tail, beard, or coma. 

0/ the Nature qf CoHiert.—Philosophers and ostrono 
mers, of all ages, have been much divided in their opinions 
as to the nature of comets, ’fheir strange appearance 
has always been matter of terror to the vulgar, who have 
uniformly considered them as evil omens, and forerunners 
of war, pestilence, &c. Diodorus Siculus and Apollinus 
Myndiu', in Seneca, inform us, that many of tlie Chal¬ 
deans held them to he lasting bodies, having stated revo¬ 
lutions as well as the pluiiels, but in orbits vastly more 
extensive; on which account they are only visible while 
near the earth, but disappear again when they go into the 
higher regions. Others were of opinion, that the comets 
were only meteors raised very high in the atr, which blaze 
for a while, and disappear when the mutter of which they 
consist is consumed or dispersed. 

Some of the Greeks, before Aristotle, supposed that a 
cojpet was a vast heap or assemblage of very small stars 
mftling together, by reason of the inecjualily of their mo¬ 
tions, and so uniting into a visible moss, by the union of 
all their small lights; which must again disappear, ns 
those stats separated, and each proceeded in its course. • 
Pythagoras, however, accounted them a kind of plancU 
or wandering stars, disappearing in the superior parts of 
their orbits, and becoming visible only in the lower parts 
of them. • j f 

But Aristotle held, that comets were only a kind of 
transient fires, or meteors, consisting of exhal^ons raised 
to tho upper region of the air, and there sea^ fire; far 
belosv tlic course of the moon. 

Seneca, who lived in tho first century, nnd who had seen 
two or three comets himself, plainly intimates that he 
thought them above the moon; and argues strongly against 


C O M 


[ ^ 

those who supposed them to be meteor', or maintained 
other absurd opinions concerning them •, declaring his be¬ 
lief that they were not fires suddenly kindled, but the 
eternal proiluclions of naiure. He points out also the 
only way to arrive at a ceflainty on this suliject, viz, by 
collecting a number uf observations concerning their ap¬ 
pearance, in order to discover whether tliev ix-lurii peri¬ 
odically or not. “ For this purpose,” he observes, “one 
age is not siillii ient ; but the lime will come when the pa- 
liin; oi Comet' <in.i their iinigniludcs will be demonstrated, 
and the routes the) take, so diflerenl from th»-planets, cx- 
pUimt-d. Posterity will thcti wonder, that the preceding 
ages should be ignorant of matters so plain and easy to be 
known.” 

For a long time this prediction of Seneca seemed not 
likely to Ik* iiilhtled ; and Tycho Brahe was the first 
among the iiiodciiis, who restored the Comets to ihcir true 
rank in the creation ; for after diligently observing the 
comet uf 1577i niid finding that it bad no sensible diurnal 
parallax, lie assigned it its true place in the planetary re¬ 
gions. See his book Dc Cometa anni 157^. 

Before this, however, there were various opinions con¬ 
cerning tliem. In the dark and superstitious ages, comets 
were held to be forerunners of every kind of calamity, 
and it was supposed they had ditlerent degrees of malig¬ 
nity, according to the shape they assumed ; whence also 
they were differenlly denominated. Thus, it was said that 
some were bearded, others hairy; that some represented 
a beam, sword, or spear; others a target, &c ; whereas 
modern astronomers ackiiowlcilgc only piie species uf co¬ 
rnels, and account for their different appearaner^ from 
their different situations with respect to the sun and the 
earili. 

Kepler, in other respects a very great genius, indulged 
the most c.Mravagaiit conjectures, not only concerning 
comets, but ibc whole system of nature in general. The 
planets he imagined were huge animals swimming round 
the sun ; and the comets monstrous and uncommon ani¬ 
mals geiu’rated in the celestial spaces, 

A still more ridiculous opinion, if possible, was that of 
John Dodin,,a learned Frenchman in the l6th century; 
who maintained that comets “arc spirits, which having 
lived on the earth innumerable ages, and being ay last ar¬ 
rived on the confines of death, celebrate their last triumph, 
or arc recalled to the 6rmamcnt like shining stars! This 
is followed by famine, plague, &c, because the cities and 
people destroy the governors and chiefs who appease the 
wrath of God,"—Others again have denied even the exist¬ 
ence of comets, and maintained that they were only false 
appearances, occasioned by the refraction or reflection'of 
light. 

Hcvelius, from a great number of observations, pro¬ 
posed it os his opinion, that the comets, like the solar roa- 
culte or spots, are formed or condensed out of the grosser 
exhalations of bis body; in which he differs but little from 
the opinion of Kepler. 

James Bernoulli, in his Systema Comelarum, imagined 
that,comets were no other than the satellites of some very 
dismnt planet, which was itself invisible to us on account 
of its distance, as were also the satellites unless when in a 
certain part of ihi-ir orbits. 

Descarf^ advances another opinion: He^conjectures 
that comets are only stars, formerly fixed, like the rest, 
in the heavens; but which becoming gradually covor^ 
with macula: or spots, and at length wholly depriveJ^ 
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their lighl, cannot kii p their places, but are earrii d off by 
the vortices of ilic circumjacent stars; and in proportion 
to their rpagnitude an<i sfdidity, moved in such u manner, 
as to be brougbi ni iim tfie orb of Saturn; and thus com¬ 
ing within reach ol the sun’s liglit, re-ndi red visible. 

But the absurdity ol iill ihisc livpotheses now abun¬ 
dantly appiars from the observed iihenomena of comets, 
anil from the doctrine of New ton, vvhic h is as follows : 

The comets, he says, aie compact, solnl, fi.\cd, and du- 
rabic bodies; in fact a kind of planets, whuh move in very 
oblique and exccntric orbits, every wu) wnh the greatest 
freedom; persevering in their motions, even against the 
course and direction of the planets: and iluTr tail is a 
very thin and slender vapour, emitted by llie head or nu¬ 
cleus of the comet, ignited or heated by the sun. 1 bis 
tlieory of the comets at once solves their principal pheno¬ 
mena, which are us below. 

The t*) incipul Phenomena of the Comets. 

1. First then, those comets which move according to 
the order of the signs, do all. a little bifore they disap¬ 
pear, either advance slower than usual, or else go retro¬ 
grade, if the earth be between tliein and the sun; but more 
swiitly, if the earth be placed in a contrary pan. On the 
other band, those which proceed contrary to the order of 
the signs, move more swiftly than usual, it the earth be 
between them and the sun; and inoie slowly, or else re¬ 
trograde, when the earth is in a contrary part —Fur since 
this course is not among the fi.sed stars, but amono ihr' 
planets; as the motion of the e.nrth either cini'pires with 
them, or goes against them; their nppiaraiice, with re¬ 
spect to the earth, must be cimnged ; and. like the pla¬ 
nets, th«y must soniiiinips appear to move swifur, somo- 
limts slower, and s'lnictimes retrograde. 

2. So long as their velocity is increased, they nearly 
move in great circles; but towards ihevnd <.f their course, 
they deviate from those circles ; iind when the earth pr»)- 
cecds one way, they go the contrary way. Becatise, in 
the end of their course, when they recede almost directly 
from the sun, that part of the apparent motion which a- 
rises from the parallax, must bear a greater proportion to 
the whole apparent motion. 

3. The comets move in ellipses, having one of their fe¬ 
ci in the centre of the sun ; and by radii drawn to the 
sun, describe areas propi*rtioiial to the times. Ilecaose 
they do not wander precariously from one fictitious vor¬ 
tex to another; but, making a part of the solar system, 
return perpetually, and run a constant round. Hence, 
their elliptic orbits being very long and exeentric, they 
become invisible when in that pan which is most remote 
from the sun. And from the curvity of the paths of co¬ 
mets, Newton concludes, that when they disappear they 
arc much beyond the orbit of Jnpiter; and that in their 
perihelion they frequently descend within the orbits of» 
Mars and the inferior planets^ 

4. The light of their nuclei, or bodies, increases as they 
recede from the eartli towards the sun ; and on the con¬ 
trary, It decreases as they recede from the sun. Because, 
as they are in the regions of the planets, their access lo- 

wyds the sun bears a considerable proportion to their 
whole distance. 

5. I heir tails appear the largest and brightest, imme- 
diatcly after their transit through the region of the sun, 
or lifter their perihelion. Because then, their heads lA-iiig 
the most heated, will emit, the most vapours.—From the 
light of the nucleus we infer their vicinity to the eiiriU 
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an<l llial llicy arc by no mcuns in the ngiuii of the fixed 
stars, as som«' have iinagiiie.l ; since, in that case, llicir 
heads would he in> tnorc illuiniiiated by the sun, than the 
plan<-ls are by. the fixed stars. 

6 . I’lie tails always decline from a just opposition to 
(he sun towards those parts which the nuclei or bodies 
pass over, in their progress through their orbits. Uecuuse 
all smoke, or vapour, emitted from a body in motion, 
tends obli(|uely upwards, still receding Iroiii tliut part to¬ 
wards which the smoking body proceeds. 

7. This tleclinalion, Cieleris paribus, is the smallest when 
the nuclei approach nearest the sun: and it is also less 
near the nucleus, or head, than towards the extremity; of 
the tail. Because the vapour ascends more swiftly near 
the head of the comet, than in the higher extremity of iu 
tail; and also when the comet is nearer the sun, than 
when it is farther ofl'. 

8 . riie tails are somewhat brighter, and more distinctly 
defined in their convex, than in their concave part. Bc- 
cau.se the vapour in tlie convex part, which goes first, being 
somewhat neureraiid denser reflects ihelightniorccopiously. 

9 . The rails always appear broader at their upper ex¬ 
tremity, lliiin near the centre of the comet. Because the 
vapour 111 a free space continually rarefies and dilates. 

10. The tails arc always transparent, and the smallest 
stars appear through them; because they consist of infi¬ 
nitely thin vapour. 

The Pheises qf The nuclei, which arc also call¬ 

ed the heads, and bodies, of comets, viewed through a 
telescope, exhibit faces very different from ^osc of the 
fixed stars or planets. They arc liable to apparent altc* 
rations, which Newton ascribes to changes in the atmo¬ 
sphere of comets : and this opinion was confirmed by ob¬ 
servations of the comet in 1744; Hist. Acad. Scieiic. 
1744. Sturmius says that, observing the comet of 1(}80 
with a telescope, it appeared'like a coal dimly glowing, or 
a rude mass of mutter illuminated with a dusky fumid 
light, less sensible towards the extremes than ilsthc mid¬ 
dle; whereas a slur appears with a round disc, and a vivid 
light. 

Of the comet of ififil, Mevelius observes, that its body 
was of a yellowish colour, very bright and conspicuous, 
but without any glittering light; in the middle was u dense 
ruddy nucleus, almost equal to Jupiter, encompassed by 
a much fainter, thinner matter. I'ubruary .5th, its head 
was somewhat larger and brighter, ond of a gold colour; 
but its light more dusky than that of the stars: and here 
the nucleus appeared divided into several parts. Feb. 6th, 
the disc Was lessened; the purls of the nucleus still c.x- 
isted, though less than before: one of them, on the lower 
part of the disc, on the left, much denser and brighter 
than the rest; its body round, and representing a very lu- 
wcid small star: the nucleus still encompassed with ano¬ 
ther kind of matter. Feb. lOtb, the head somewhat more 
obscuixveitd the nucleus more confused, but brighter at 
top than bottom. Feb. 13th, the head diminished much 
loth in size and splendor. March 2d, its rounditcss a lit¬ 
tle impaired, and its edges lacerated, &c. March 28th, 
very pale, and exceeding ihiu;Jt8 nuittcr much dispersed; 
and no distinct nucleus-at nil appearing. 

^ WcigcIiuB, v^o saw the comet of 1664, as also the moon, 
* and a small cloud in the horizon illuminated by the sun 
at the same time, observed, that through the telescope the 
moon appeared of a continued luminous surface: but the 
comet very different; being exactly like the small cloud. 


And from these observations it was that Hevelius formed 
his opinion, that cornels arc like maculsc or spots formed 
out of the solar exhalations. 

Of the Magtiitude of The estimates that have 

been given of the magnitude of comets by Tycho Brah^, 
lleveiius, and other a»trunonu-rs, arc not very accurate; 
as it doi-s not appear that they distinguished between the 
nucleus and the surrounding atmosphere. 'I'hus Tycho 
computes that the true diameter of the comet in>l577, was 
ill proportion to the diameter of the earth, as-Sto 14; 
and Hevelius made the diameter of the comet of 1652, to 
that of the earth, as 62 to 100. But the diameter of the 
atmosphere is often 10 or 16 times as great a.s that of the 
nucleus: the former, in the comet of l682, was measured 
by Flamsteed, and found (u be 2, when the diameter of 
the nucleus alone was only II or 12". Though some co¬ 
mets, estimated by a comparison of their distance and ap¬ 
parent magnitude, have been reckoned much larger than 
the moon, and even equal to some of the primary planets. 
The diameter of that of 1744, when at the distancoof the 
sun from us, mcitsured about 1', which makes its diameter 
about three times that of the earth : at another time the 
diameter of its nucleus was nearly equal to that of the 
planet Jupiter. 

Of the Taiii qf ComeM.—There have been various con- 
, jcciures aboAt the nature of the tails of comets, the prin¬ 
cipal of which arc those of Newton, and his followers. 
Newton shows that the atmospheres of comets will furnish 
vapour sufficient to form their tails. This he argues from 
their wonderful rarefaction in our air at a distance from 
the earth; which is such that a cubic inch of common 
air, expanded to the rarity of that at the distance of half 
the earth’s diameter, or 4000 miles, would -fill a space 
larger than the whole region of the star^. Since then the 
coma, or atmosphere of a comct,is ten tiirics higher than the 
surface of the nucleus, from the centre; the tail, ascending 
still much higher, must necessarily be immensely rare: so 
that it is no wonder the stars are visible throngh it. 

Now the ascent of 'vapours into the tail of the comet, 
ho supposes to be occasioned by the rarcfacriun of the 
matter of the atmosphere at the time of the perihelion. , 
Smoko, it is observed, ascends the chimney by (he impulse 
of the air in which it floats; and air, mrelie«l by heat, 
ascends by tlic diminution of its specific gravity, carrytOjg 
up the smoke along with it: in the same manner then it 
may be supposed that the tail of a comet is raised by 
the sun. 

The tails therefore thus produced in the pcribclioni of 
comets, will go off along with their head, into remote re¬ 
gions; and either return from thence, together with the 
comets, after a long scries of years; or rather be there 
lent, and vanish by.littjc and little, and the. comet be left 
bare; till at its return, descending towards the sun, some 
short Utils arc again gradually produced from the head \ 
which afterwards, in the perihelion, descending into the 
sun’s atmosphere, will he immensely increase^.. 

Newton farther observes, that the vapours, when thus 
dilated, rarefied, and diffused (hrotigh all the cele^jy^ re¬ 
gions, may probably, by means of their own grav%, be 
gradually attracted down to the planets, and^cuinc to- , 
tcnningicd w^ their atmospheres. He adds^Rl (bis in- 
tcrmixturaipay be useful and necessary for th^onserva- 
tion of the water and moisture of the planets, dried up or 
Cjnuumcd in various ways.. And 1 suspect, adds ourau- 
that the spirit, which makes the tiuest, subtilc5t,and 
ft 
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Hij* ilii* v( i\iv sun and conwi; and (iiat this dc'ia- 


hoit part of our air, and which ii> absolutely rc<niisJK* fur 
th*' life and being of all things, derived |)nrici|)aily from 
the cumeU.—On this principle there may appear to be 
some foundation for the popular opinion of prcsaizes from 
comets; since the tail of a comet thus intermingled with 
our atmosphere, may produce changes very bemibie in ani- 
iijdl and vegetable bodies. 

It may here be added, that another use which Newton 
conjectures comets may be designed to serve, is, that of 
lecruiting the siin with fresh fuel, and n^pairtog rlie con- 
tnmption of his liglu by the streams continually sent forlli 
ill every direction from that luminary. In support of this 
conjecture he observes, that comets in their perihelion 
may sufl'er a diminution of their projectile f<ircc, by the 
K^istance of the solar atmosphere ; so that by clegrees 
their gravitation towards the sun mny be so far increased, 
as to precipitate choir fall into his body. 

Various opinions have been entertained respecting the 
generation of the tails of comets. Apian, Tycho Brahe, 
and some others, think they arc produced by the sun's 
rays transmitted through the nucleus of (he comet, which 
they supposed was transparent, and there refracted as in 
a glass lens, so as to funii a beam of light beliind the co¬ 
met. Descartes accounted for the phenomenon of the 
tail by the refraction of light from the head of ihe comet 
to the spectator’s eye, Mairan supposes that the tails arc 
formed from the luminous matter composing the sun’s at¬ 
mosphere : and M. De Lalande combines this bypolhesis 
with that of Newton recited above. Bnt Mr. Howning, 
not salished willi Newton’s opinion, accounts for the tails 
of comets in the following manner: It is well known, says 
he, that when the sun's light passes through the atmo¬ 
sphere of any body, as the earth, that which passes on one 
side, is by the refraction made to converge towards that 
which passc-s on the opposite side; and this conveigency 
is not wholly effected either at the entrance of the light 
into the atmosphere, or at its egression from it; but be¬ 
ginning at its entrance, it increases in every point of its 
progress: It is also agreed, that the atmospheres of the 
comets are very large and dense: he therefore supposes 
that by such lime as the light of the sun has passed through 
a considerable part of the atmosphere of the comet, the 
rays are so far refracted towards each other, that they 
then bepn sensibly to illuminate it, or rather the vapours 
floating in it; and so render that part they have yet to 
pass through, .visible to us: and that this portion of the 
atmosphere of n comet thus illuminated, appears to us in 
form ol a- beam of the sun's light, and passes undta the 
denomination of a comet’s toil. Rowning's Nat. Philos, 
part 4. chap. 11. 

M. Euler, Mem. Berlin, tom. 2, pa. 117, thinks there 
is a great affinity hetwccii the tails of comets, the zodiacal 
light, and the aurora borealis, and that the common cause 
of all of them, is theaction of the sun's light on ihe atmo¬ 
spheres of the comets, of the sun, and of the earth. He 
supposes that the impulse of the rays of light on the at¬ 
mosphere of a comet, may drive some of the finer parii- 
cIm of^at atmosphere far beyond its limits; and that 
this fdrce of impufsc combined with that of gravity to¬ 
wards the cornel, would produce a tail, which would al¬ 
ways be m opposition to the sun, if the comet did not 
move. But the motion of the comet in tirbit, and 
about an axis, must vary the position and figure of the 
tail, giving it a curvature, and deviation from a line jolp- 


lion will Uc giuli r, .ts the orbit of the comet has the 
greater curvature, and tin- niotiuii of the comet is more 
rapid. It may even ii.ippce, tlial the veb.eit) of tlic co¬ 
met, III lU perihelion, may be so gicil, that the f<irce of 
the sun's rays may produce a new tail, before the old one 
can follow; in which cum' the conx t might have two or 
more tails. The possibility of this is coiitirnud by the 
comet of 1744, whicli was obsci\e(l to l,a\e several tails 
ivhilc it was in its perihelion. 

Dr. Hamilton urges several objecti<ins againvt the New¬ 
tonian hypothesis; and concludes that the tail of a coinet 
!'• tornud of matter which h:.s not the power ol refract¬ 
ing or reflecting the rays of light; but that it i> a lucid or 
self-shining substance: and from its similarity to the au- 
rortt borealis, that it is produced by the same cause, and 
is properly an electrical phenomenon. Dr. Halley like¬ 
wise was doubtless inclined to this hypothesis, when be 
said, that the streams of light in an aurora borealis so 
much resembled the long tails of comets, that at first sight 
they might well be taken for such; uini that this liglil 
seems to have a greater uffmiiy to that which the effluvia 
of electric bodies emit in the dark. Philos. 'I rans. No. 
347. Hamilton’s Philos. Essays, pa. 91. 

The Motion of Comets, —If it be supposed that the paths 
of comets are perfectly parabolical, as som<- have inia- 
giiK-d, it will follow that, being impelled towards the sun 
by a centripetal lord*, they di-sceiid as from spaces infi¬ 
nitely distant; and that by their falls they acquire such a 
velocity as will carry them off again into the remotest re¬ 
gions, never more to return. Hut the fie(|iu ncy of their 
appearance, and their degree of velocity, which does not 
exceed what they might acquire by ilivir gravity towards 
the sun, seem to pul it past doubt that they move like the 

planets, in elliptic orbits, though CNCCcdingly c.Kcentric ; 
and so return again after very long periods. 

The apparent velocity of the comet of 1472, as ob¬ 
served by Regiomontanus, was such as to carry it through 
40** of a great circle in 24 hours: and it was observed 
that the comet of 1770 moved through more than 45® in 
the last 25 hours. 

Respecting the return of comets there have been dif¬ 
ferent opinioDsi Newton, Flamsteed, Halley, and other 
English astronomers, appear quite satisfied of the n-tuin of 
these bodies. Cassuii and some of the French think it 
highly probable; but Dc la Mire and others oppose it. 

’I hose on the affirmative side suppose that the comets do- 
scribe orbiu prodigiously excculiic, insomuch that we can 
observe them only in a very small part of their revolu¬ 
tion: out of this, they are lost In the immensity of space; 
hid not only from our eyes, but our teh'seopes:' (liat small 
part of their orbit next us passing sometimes within tliose 
of all the inferior planets. 

Cassini gives the following reasons in favour of the re¬ 
turn of coincls. 1. It is found that they move a Cunsi- 
derablc time in the arch of a great circle, when referred 
to the fixed stars, that is, u circle whose plane passes 
through the centre of the earth; deviating but a little 
from it chiefly towards the end of their appearance; a de¬ 
viation however comioon to them with the planets.—2. 
Comets, a^wcll as planets, appear to move so much the 
faster as they arc nearer the earth; and when they arc at 
equal distances from their perigee, their velocities are 
nearly the same. By subtracting from their motion the 
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a|)parontin» quality of velocity occasioned by their different 
distance from the earth, their equal motion might be 
found : but we should not still be certain that this is their 
true motion; because they might have consiilerable in- 
eijualilies. not distinguishable in that small part of ihc-ir 
orbit visible to us. It is rather probable that their real 
motion, as wt ll as that of the planets, is unequal in itsclt; 
ami hence we have a reason <vhy the observation made 
during the appearance of a comet, cannot give the just 
period of Its revjdution.—3. There are no two different 
planets whose orbits cut the ecliptic in the same angle, and 
whose nodes arc in the same points of the ecliptic, and 
having the same apparent velocity in their perigee : con¬ 
sequently, two comets seen at dillerent times, yet agreeing 
in all those three circtimstances, can only be one and the 
same comet. Not that this e.vact agreement, in these cir¬ 
cumstances, is absolutely necessary to determine their 
identity: for the moon herself is irregular in all of them, 
so that it appears there may be cases in which the same 
comet, at «iiflerent periods of revolution, may disagree in 
these points. 

As to the objections against the return of comets, the 
principal is that of the unfrcquency of their appearance, 
with regard to the number of revolutions assigned to them. 
In 1702 there was a comet, or rather the tail of one, seen 
at Rome, which M. Cassini takes to be the ^amc with that 
observed by Aristotle, and again lately in the year l6()8; 
which would imply a period' of 3+ years: Now, it may 
appear strange that a star which has so short a revolution, 
and of consequence such frequent returns, should be so 
seldom seen. Again, in April of the same year 1702, a 
comet was observed by Messrs. Riaiichini and Maraldi, 
which the latter supposed was the same with that of 1664, 
both on account of its motion, velocity, and direction. 
M. dc la Hire thought it had some adation to another he 
had observe<l in 1698, which Cassini refers to that of 1652; 
which would make it a period of 43 months, and the 
number of revolutions between l652 and 1692, 14: now, 
it is hard to suppose, that in this age, when the heavens 
ore so narrowly watched, a star should make 14 revolu¬ 
tions unperceived ; especially such a star as this, which 
might appear above a month together ; and consequently 
be often disengaged from the crcpuscula. For this reason 
M.Ca.ssini is very reserved in maintaining the hypothesis 
of the return of comets, and only proposes those for pla¬ 
nets where the motioiwarc easy and simple, and are solved 
without straining, or allowing any irregularities. 

M. de la Hire proposes one general difliculty against the 
whole system of the return of comets, which would seem 
to prevent any comet from returning as a planet; which 
is this; that by the disposition necessarily given to their 
courses, they ought to appear.as.small at (irst as at last; 
and always increase till they arrive at their nearest proxi¬ 
mity to the earth; or if they should chance not to be ob¬ 
served, as soon os they are capable of being seen, it is yet 
hardly possible but they must often show themselves be¬ 
fore they have arrived at their full magnitude and bright¬ 
ness: but, adds he, none were ever yet observed till they 
bad arrived at it. However, the appearance of a comet 
in the month of October 1723, while at a great distance, 


so as to be too small and dim to be viewed without a tele¬ 
scope, as well as the observations of several others since, 
may serve to remove this obstacle, and set the com cts still 
on the same footing with the planets. 

It is a conjecture of Newton, that as those planets 
which are nearest to the sun, and revolve in the least or¬ 
bits, are the smallest; so among the cornels, such as in 
their perihelion come nearest the sun, are the smallest, and 

revolve in the least orbits. 

0/ ifte fVrilings and Lislt of Comets. 

There have been many writings on the subject of co¬ 
mets, beside the notices of historians as to the appearance 
of certain particular ones. 

Regiomontanus first showed how to find the magnitudes 
of comets, iheir distance from the earth, and their true 
place in the heavens. His l6 problems i)e Comets Mag- 
niiudine, l^ongiiudine, .^c Loco, are to be found in a book 
published in the year 1 544, with the title of Scripta Joan- 
nh Rogiomontanie 

Pclcr Apiftn observed and wrote on the comets of loSly 
1632, iirc. Other writers are Tycho Braht, in his Pro- 
gymnasmata Astronomis Instaiirats.^Kepler, of the co¬ 
met in the year l607» and dc Cometis Libclli tres.—Ric- 
ciolus, in his Almagcslum Novum, published 1651, enu¬ 
merates 154 comets cited by historians down to the year 
lgl8.—Hcvelius’s Prodrorous Comcticus, conuiuing the 
history of the comet of the year l6fi'4. Also his Cometo- 
graphia.—Lubienietz, in a large folio work expressly on 
this subject, published 1667, extracts, with iiitincnsc la¬ 
bour, from the passages of all historian^ an account of 
415 comets, ending with that of 1665.—Dr. Hooke, in liii 
Posthumous works.—M. Cassini’s little Tract of Comets. 
-~Sturmius’s Dissertatio dc Cometarum Natura.—New¬ 
ton, in his Prliicipia, lib. 3 ; who lint assigned their pro- 
per orbits, and by calculations compared the observauoni 
of the great comet of 168O with bis theory-—Dr. Halley, 
in his Synopsis Comctica, in the Philos.Trans. No.218, 
&c ; who computed the elements and orbits of 24 coinctj, 
and who first ventured to predict the return of one in 
1759, which happened accordingly.—De Lalaudc, The»> 

rie desCoinfetcs, 1759; also, in his Astronomic, vol.3.— 
Clajraut, Th^orie du mouvemeni des Comites, 170O.— 
D’Alembert, Opuscules Malhtmaliqucs, vol. 2, pa.97-— 
M. Albert Euler, 1762.—Sejour, Essai sur Ics Comelcs, 
1775.—Besides Boscovich, De la Grange, Do la Place, 
Frisi, Lexel, Barker, Hancocks, Cole, with many otlicrs, 
—And M. Pringrt’s Com6tographie, In 2 vols.4io, 1784; 
in which is contained the most ample list of such cqiricu 
as have been well observed, and their clemcnls computed, 
to the number of 67- And accounts of a very few more 
<hat have been observed since that time, may be seen in 
the Mem. dc I’Acad. and in the Philos. Trans. A ''ery 
gonious and ample work on comets is also published by 
Sir Henry Englelicld, entitled, On the determinaUons of 
the Orbits of Comets. 

The whole list of comets that have been noticed, on a'- 
cord, amount to upwards of 500, but the foll owin g is » 
complete list of all that have bicn pwperly obse^, and 
their elements computed, the mean diataucc of tW carin 
from the sutt being supposed 100,000. 
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TABLE OF THE ELEMENTS OF COMETS. 


Ascending 

Node 


837 

1231 

1264 

1299 

1301 

1337 

U56 

4472 

1531 

1532 

1533 
1556 
1577 
1580 

]>582 


1585 

1590 

1503 

1596 

1607 

1618 

1618 

1652 

1661 

1664 

1665 
1672 

1677 

1678 
1680 


1682 

1683 

1684 
16K6 
1689 

1698 

1699 
1702 

1706 

1707 


171S 

1723 

1729 


6 26 33 

0 IS 30 
5 19 0 

5 28 45 

3 17 8 

O 15 

2 24 21 ■ 
2 6 22 
I 18 SO 
9 11 46 

1 19 25 

2 20 27 

4 5 44 

5 25 42 

O 25 52 
0 18 57 
0 19 8 

7 21 7 

7 4 43 

1 7 43 
5 15 31 
5 14 15 

10 12 13 
10 15 37 
1 20 21 
9 23 25 

2 16 1 

2 28 10 
2 22 31 
2 21 14 
7 18 2 
9 27 31 
7 26 49 
5 II 40 
9 2 2 

9 2 2 


9 2 2 

9 2 2 
9 2 59 
9 1 53 

9 1 57 

1 21 17 
1 20 48 

5 23 23 
8 28 Id 

II 20 35 
10 23 45 
8 27 44 
10 21 46 

6 9 25 
0 13 12 
O 13 11 
I 22 6 
1 22 47 
I 22 50 
4 8 43 
4 7 55 
0 14 16 

10 10 65 
10 10 33 
10 10 17 


Incliii. ot' 
Ofliit 


] I shout 
6 5 

36 30 
30 25 
68 57 
70*l>ou' 
32 n 

32 II 
17 56 

5 20 

17 56 
32 36 
35 49 
32 7 

74 33 
64 40 
64 52 
61 28 
59. 29 

6 4 
29 41 

- 87 5i 
55 12 
52 10 
ll 2 
21 28 

37 34 
79 28 
32 36 
21 19 
76 5 
83 22 
79 3 

S 4 
00 56 
01 7 

58 40 
6l 20 


6l 23 
17 56 
17 42 
83 11 
65 49 
31 22 
69 17 
II 46 

69 20 
4 SO 

55 14 
55 14 
88 50 
68 36 
88 36 
30 20 
SI 13 
49 59^ 
77 2 
76 58 

70 53 


Perihelion 


9 19 3 

4 14 4S 
9 210 
9 5 45 

0 3 20 

9 shout 
I 7 59 
0 20 0 
10 I 0 
1 15 34 
10 I 39 

3 21 7 

4 27 16 

9 8 50 

4 9 22 

3 19 6 
3 19 12 
8 5 23 


9 11 27 

0 8 51 
7 6 .55 

5 26 19 
7 18 16 

7 26 31 
lO 2 16 
lO 16 20 

0 2 14 
0 28 19 

3 25 39 

4 10 41 
2 II 55 

1 17 ' 0 
4 17 37 

10 27 46 

8 22 40 
8 22 44 
8 23 27 
8 23 43 
8 22 40 

10 2 53 
10 I 36 

2 25 SO 

7 28 52 

2 17 1 

8 23 45 

0 0 51 
7 2 31 

4 16 41 
2 12 29 
2 12 30 
2 17 4 

2 19 55 
2 19 58 
4 I 30 
4 I 27 
1 12 52 

10 22 17 
10 22 40 
10 27 22 


Perihel. 

Dlst. 


58000 

94776 

44500 

41081 

31793 

45700 

40666 

64150 

58550 

54273 

56700 

50910 

20280 

66390 

18342 

59028 

59553 

22570 

4006 

I09S58 

57661 

8911 

51293 

54942 

58680 

51298 

37975 

84750 

44851 

102575 

10649 

69739 

26059 

123801 

612| 

617 

056 

592 

603 

58328 

58250 

56020 

96015 

32.500 

1689 

69129 

74100 

64590 

42581 

42686 

86350 

85974 

85004 

102655 

102565 

99865 

406980 

426140 

416927 



<t b 


March 1 0 Bet. 

Jan. 30 7 Dir. 
July 6 8 Dir. 

17 6 Dir. 

March 3l 8 Ret. 
Oct. 22 bl>out Ret 

June 2 7 Ret. 

1 1 Ret. 

June 6 22 Ret. 

Feb. 28 23 Ret. 
Aug. 24 21 Ret. 
Oct. 19 22 Dir. 
June 16 20 Ret. 
April 21 20 Dir. 
Oct. 26 19 Ret. 
Nov. 28 15 Dir. 

28 14 Dir. 
May 6 16 Ret 

7 9 Ret 
Nenv Style 

Oct 7 20 Dir. 

Feb. 8 4 Ret. 

July 18 14 Dir. 

Aug. 10 20 Ret. 

8 16 Ret 

Oct 16 4 Ret 
Aug. 17 3 Dir. 

Nov. 3 13 Dir. 

Nov. 12 16 

Jan. 26 24 Dir. 

Dec. 4 12 Ret 

April 24 5 Ret 
March 1 9 Dir. 

May 6 1 Ret 

Aug. 26 14 
Dec. 18 0 Dir. 

17 23 . 

17 81 . 

18 0 . 

18 0 . 

Sept 14 8 Ret 

14 22 . 

July IS 3 Ret 
Jupe 8 10 Dir. 

Sept 16 15 Dir. 

Dec. 1 15 Ret 

Oct. 18 17 Ret 
Jan. 13 9 Ret 


Oct. 18 17 Ret 

Jan. 13 9 Ret 

March 13 14 Dir. 

Jan. 30 5 Dir. 

SO i 


Dir. ' 


Vot. 


Dec. 12 0 .. 

12 0 .. 

Jan. 15 0 Ret 

• 15 I . 

Sept 27 16 Ret 

June 23 7 Dir. 

25 I'l . 

23 0 . 


Dir. 


I'ingre 
Piiigrc 
Duniliorn 
Pingre 
Pingre 
Pingre 
'alley 
ingre 
ingre 
alley 
alley 
alley 
outves 
alley 
alley 
alley 
ingre 
ingre 
Pingre 

Halley 

Halley 

La Caille 

Hailey 

Pingre 

Halley 

Pingre 

Hafley 

Halley 

Halley 

Halley 

Halley 

Halley 

Halley 

Douwes 

Halley 

Halley 

Euler 

Nenton 

pingre 

Halley 

Halley 

Halley 

Halley 

Halley 

Pingre 

Halley 

La Caille 

La Caille 

U Caille 

Struyck 

Houtteiyn 

La Caille 

Struyck 

La Caills 

Douwes 

Bradley 

Douwes 

La Caille 

Maraldi 


2 y 
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1763 

1766 

1766 

1769 


Yrnr 

Aiccncliog 

Inclin. oi 
Orbit 


* o ' 

/ 

1729 

10 10 52 

77 19 


to 10 33 

77 1 

1737 

7 16 22 

IS 21 

1739 

6 27 18 

55 53 


6 27 25 

55 43 

1742 

6 5 35 

6 5 33 

67 4 


C 5 38 

66 59 


0 5 43 

66 52 


6 16 9 

56 35 


6 9 32 

61 44 


6 5 47 

68 14 


6 5 29 

67 11 


6 5 42 

66 51 

1743 

2 8 11 

2 16 


2 8 21 

2 20 

1743 

0 5 16 

45 48 

17 44 

1 15 45 

47 9 


1 15 47 

47 4 


1 15 46 

47 5 


1 15 51 

47 18 


1 10 5 

47 50 


1 15 46 

47 11 


1 15 48 

47 8 


1 15 49 

47 18 


1 15 49 

47 14 

1747 

4 26 58 

77 57 


4 27 19 

79 6 


4 27 19 

79 6 

1748 

7 22 52 

85 27 


7 22 46 

85 35 


7 22 52 

85 28 

1748 

1+40 

56 59 

1757 

7 4 13 

12 50 


7 4 6 

12 39 


7 4 4 

12 48 


7 4 7 

12 41 

1758 

7 20 50 

68 19 

1759 

1 23 48 

17 38 


1 23 46 

17 40 


1 23 49 

17 35 


i 23 49 

17 38 


1 23 49 

17 39 


1 23 46 

17 4C 


1 24 7 

17 29 


1 23 45 

17 41 

1759 

4 19 40 

79 7 


4 19 39 

78 ag 


4 19 40 

79 a 

1759 

2 19 51 

4 52 


2 19 20 

A « an ^ n 

4 42 


1 19 20 
I 18 68 
1 18 35 

19 2 I 85 3 


84 45 

85 12 
85 40 


! 

1 26 23 


4 

8 


0 

4 


5 

11 


2 14 23 U 8 


5 

5 

5 


25 

25 

25 


1 

2 

3 


Perihelion 


10 16 27 
10 22 37 
10 25 55 
3 12 34 
3 12 39 
7 7 33 

7 7 32 

7 7 35 

7 7 39 

7 16 42 
7 10 49 
7 7 33 


72 41 
52 54 
40 50 


40 38 
40 43 
40 47 
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Dilt. 
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7 

7 


26 
38 
2 58 
2 42 


7 

7 
3 
3 

8 
6 
6 
6 
6 
6 

6 17 12 
6 17 13 
6 17 id 
6 17 16 
9 10 6 

7 
7 
5 


6 34 
17 13 
17 6 
17 10 
17 18 
17 19 


9 

9 

7 

7 

7 

9 
4 
4 
4 
4 

8 

10 
10 
10 
10 
10 
10 
10 
10 


2 

2 

1 


4 39 


5 

6 


23 
9 

2 58 
2 39 
49 
36 


2 

2 


27 38 
3 14 


3 8 

3 16 
3 16 
3 16 
3 19 
1 O 
3 23 
1 23 34 
1 23 24 

1 23 38 
4 18 25 
4 19 4 
3 15 22 
3 15 15 
3 14 24 
3 13 43 

3 14 SO 

2 24 52 
0 15 15 

4 23 15 
8 2 18 
4 24 6 
4 24 14 
4 24 11 


394927 
408165 
22282 
67160 
67358 
76555 
76550 
76568 
76530 
73766 
73668 
76890 
76620 
76545 
8881 1 
83501 
52057 
22206 
22322 
22250 
22156 
22192 
22222 
22223 
22200 
22176 
229388 
219869 
219851 
84066 
84150 
84040 
C5525 
33754 
33907 
33797 
33932 
2I5S5 
58255 
58490 
58360 
58380 
58350 
58298 
59708 
58234 
80139 
79851 
80208 
06599 
96180 
101415 
101249 
101065 
100686 
100986 
49876 
55522 
50532 
83275 
12376 
12287 
12258 


May 

June 

Jan. 

June 

Feb. 


Feb. 


Jan. 

Sept. 

March 

March 


Feb. 

March 

April 


Not. 


Dec. 

Dec. 

May 


Not. 
Feb. 

April 
Oct. 


Ret. 


Ret. 


June 

March 


Dir. 


Ret. 


Ret 


21 8 
21 10 
21 10 
SI 9 


Dir. 


CftlcuUted by 


Kies 
De I’Isle 
Bradley 
Zanotti 
La Caille 
Struyck 
Le Monnier 
U Caille 
Zanotti 
Euler 
Euler 
Wrigt 

Klinkenberg 
Houtteryn 
Struyck 
U Caille 
Klinkenberg 
Bets and Bh.ss 
Maraldi 
La Caille 
Zanotti 
Ch^seaux 
Euler 
Pingrd 
Klinkenberg 
Hiorter 
Cheseaux 
Maraldi 
La Caille 
Maraldi 
Le Monnier 
La Caille 
Struyck 
Bradley 
La Caille 
Pingr^ 

De K.'ittc 
Pingr6 
Mesitier 
Lalande 
Maraldi 
La Caille 
La Caille 
Klinkenberg 
Klinkenberg 
Bailly 
Pingr4 
La Caille 
Chappe 
La ^ille 
Chappe 
Maraldi 
Lalande 
Bailly 

Klinkenberg 
Struyck 
Pingr^ 
Pingre 
Pingre 
Pingr^ 
Lalande 
Wallot 
Casain^ juo. 
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COM 


Y 


ear 


Ascending 

Node 


Inclin. of 
0(bi( 


Perihelion 


1769 


1770 


1770 

1771 

1772 

1773 


5 25 7 

5 25 3 

5 25 11 
5 19 41 
5 25 5 
5 24 42 
5 25 14 
5 25 3 
5 25 5 
5 25 6 

4 16 39 
4 13 39 
4 15 29 
4 15 4 

4 14 SO 
4 12 56 
4 12 0 
4 12 17 
4 16 14 
4 12 0 
4 14 22 

3 18 42 
0 27 51 
0 27 50 
8 12 43 

4 1 16 


1774 

i;^9. 

1780 

4 3 15 

4 3 35 

4 I 12 

4 1 5 

6 0 57 

6 0 50 

6 I 22 

6 0 50 

0 25 3 

0 25 6 

0 25 4 

4 4 0 

4 4 30 

A. 

1781 

♦ ♦ V 

2 25 13 

1781 

2 23 1 

1781 

2 17 23 

1783 

1 24 14 

1784 

1 26 50 

1784 

2 26 52 

1785 

8 24 12 

1785 

2 4 34 

1786 

0 14 23 

J787 

3 16 52 

1788 

5 7 11 

1768 

11 21 42 

1790 

5 26 12 

1790 

8 27 9. 

1790 

1 3 11 

1792 

6 10 40 

1795 

11 29 11 


11 IS 23 


0 17 

1796 

0 17 2 

1797 

10 29 17 


4 2 9 


40 49 

40 41 

41 I 
29 41 

40 41 

41 2S 
40 43 
40 50 
40 50 
40 47 

1 44 
I 41 
1 47 
1 45 
1 23 
1 46 
1 34 
1 35 
1 45 
1 55 
1 49 

31 26 
11 15 

11 17 

19 0 

61 25 

62 36 
62 36 
61 21 
61 13 
82 48 

82 49 
82 21 

83 0 

32 26 
32 24 
32 26 
53 56 
53 15 
53 48 

5 16 

81 43 
27 13 
53 9 
51 9 

47 55 
70 14 
87 32 
50 54 

48 16 

12 28 
64 53 
31 54 
56 58 

63 52 
39 47 . 
24 17 
20 3 
24 42 

64 55 
50 36 
43 52 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
I 1 


24 II 
24 9 
24 33 
13 15 

24 7 

25 46 
24 22 
24 16 
24 11 
24 16 

26 7 


.4 


11 25 
11 26 7 

11 22 51 
0 7 14 

II 29 45 
11 26 16 
11 26 26 
II 26 13 
II 25 57 
II 26 19 
6 28 23 
3 13 28 


3 

3 

2 

2 

2 

2 

2 


13 48 
18 6 
15 36 
21 40 
20 43 
15 16 

14 58 


10 

I<3 

10 

IG 

10 

17 

10 

17 

2 

27 

2 27 

2 27 

8 

6 

8 

6 

8 

6 

5 

22 

5 

28 

7 

29 

0 

16 

1 

15 

2 

20 

10 

28 

3 

19 

9 

27 

5 

9 

0 

7 

3 

9 

0 

23 

2 

0 

3 

21 

9 

3 

1 

.6 

5 

13 

5 

7 

5 

15 

6 

12 

1 

19 

3 

14 


13 

14 
6 30 

19 
6 21 
7 
S 
1 
3 


9 26 

44 

8 

12 
15 

45 

43 


37 


Petihel. 

D>s(. 


Tine of Perihelion 


12272 
12289 
12100 
15880 
12308 
11640 
12280 
12264 
12269 
12274 
62959 
05800 
62955 
64450 
71717 
64946 
67438 
67689 
62872 
63100 
62758 
52824 
90570 
90168 
101814 
113390 
123800 
121550 
113010 
.112530 
142525 
142525 
i42600 
142860 
71322 
71313 
71319 

9781 

10047 

9926 

1027558 

944040 

77586 

96101 

156530 

70786 

65053 

114340 

42730 

41010 

34891 

106301 

76691 

75810 

106328 

79796 

129300 

22700 

25800 

21500 

167800 

52545 , 

4847 ^ « 


d 

7 


Oct. 


Aug. 


/ 

16 

7 

7 

7 

7 

7 

7 
9 

10 

9 

8 
25 


b 

14 

14 

12 

10 

14 
11 
18 

15 

16 
16 

O 
22 
O 
9 
2 


Motion 


Calculated by 


Dir. 


Dir. 


Aug. 


12 21 
13 13 


Dir. 


Not. 

April 

Feb. 

Sept. 


Aug. 


Jan. 


Sept. 


March 

Jan. 

July 

Not. 

Not. 

Jan. 

April 

Jan. 

April 

July 

May 

Nov; 

Jan. 

May 

Jan. 

Dec. 


April 

Jui)r 

April 


14 

9 

9 

8 

22 

18 

19 

18 

5 

2 

2 

5 

5 

14 

14 

15 
15 

4 

4 

4 

30 

30 

30 

IS 

27 

7 
29 
15 
21 

9 

27 

8 
7 


0 
1 

4 
19 
6 
22 
1 
21 

11 

12 

19 
6 
9 

4 
18 

5 
II 

3 
2 
2 

20 
16 
18 

0 

6 

5 
IS 

6 
5 

21 
8 
9 
22 


Ret. 

Dir. 

Dir. 

Dir. 


Dir. 


Prosperin 
Audiflrtidi 
Slop 
Zanoiti 
Asclepi 
Lambert 
Widder 
Euler 
Lexell 
Pingre 
Pingre 
Pingre 
Prosperin 
Prosperin 
Prosperin 
Widder 
I<exell 
Pingre 
Slop 
Lambert 
Rittenhouse 
Pingre 
Pingre 
Prosperin 
Lalande 
Pingre 
Lambert 
Sculiz 
Lesell 
Pingre 
De Saron 
De Saron 
Boscovich 
Mcchain 
De Saron 
Mcchain 
D*Angos 
IcxelT 
Lexell 
Mechain 
Boscovich 
La Place 
Mechain 
Mechain 
Mechain 
Mechain 
Chev. d'Angos 
Mechain 
Mechain 
Mechain 
P. de Saron 

10 7 ..y.. Mechain 

20 9 Dir. hlechain 

15 5 Ret. Dq Saron 

28 8 Dir. Mechain 

21 6 Ret. Lalande 

IS 14 Dir. 

14 23 . Zach 

15 15 «•«... Bouvard 

14 19 Prosperin 

2 20 Ret. Olbers 

0 3 . pouvard 

4 12 Dir. Burckhardt 
2 Y 2 


10 20 


Dir. 


Ret. 


Dir. 

Dir* 

Ret. 

Dir. 

Ret. 

Dir. 

Ret. 

Dir. 

Ret. 


V 
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1708 

1799 


1799 

1801 

1803 

180+ 

1805 

1805 

1807 
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c 

o 

_ 

Node 

Incl'iD. of 
Orbit 

Perihelion 

Perihel. I 
VUi. 1 

Time of Pefiliellbn 

• 

Q 

$ 

o 


t 

o 

t 



4 

b 


9 

31 

42 

23 

1 

4 

30 

7790S 

Dec. 

31 

13 

3 

9 

32 

50 

56 

0 

3 

39 

83987 

Sept* 

7 

6 

3 

9 

27 

50 

57 

0 

3 

39 

84018 


7 

6 


9 

34 

50 

52 

0 

3 

30 



7 

4 

10 

20 

49 

77 

2 

G 

10 

20 

62581 

Dec. 

25 

22 

1 


28 

21 

20 

6 

3 

49 

20170 

Aug. 

8 

13 

J 

10 

10 

J7 

57 

0 

1 1 

2 

% 

8 

109420 

Sept. 

9 

21 

5 

26 

48 

50 

29 

4 

28 

45 

107117 

Feb. 

13 

1 i 

5 

20 

50 

50 

4+ 

4 

28 

54 

107227 

Feb, 

13 

16 

11 

15 

7 

15 

58 

4 

29 

0 

37567 

Nor. 

18 

0 

1 t 

8 

10 

35 

to 

25 

3 

19 

24 

89159 

Dec. 

31 

6 

S 

26 

40 

03 

1 1 

9 

0 56 

64648 

Sept. 

18 

8 


Moion 


CalcuUcfed Uj 


Ret. 


Ret. 


Dir. 


Dir.” 


Burckhardl 
Mechain 
Von Zacb 
Burckhardt 
Mechain 
Burckhardt 
Mechain 
Gauss 
• • • 
Legendre 
Legendfe 
Olbers 


M. Facio has suggested, that some of the comets have 
thfir noilfs so very near the annual orbit of the earth, that 
if the earth should happen to be found in that part next 
the node at the time of a comet's passing by ; as the ap¬ 
parent motion of the comet will be immensely swift, so its 
parallax will become very sensible; nnd its proportion to 
that of the sun will be given: whence, such transits of 
comets will afford the best means of determining the dis¬ 
tance between the earth and sun. 

The comet of 1472, for instance, had a paralla-x above 
20 times greater than the sun’s; and if that of l6l8 had 
come down in the beginning of March to its descending 
node, it would have been much nearer tho earth, and its 
parallax much more notable. But hitherto none has 
threatened the earth with a nearer appulsc than that of 
1680; for Dr. Halley finds, by calculation, that Nov. 11th, 
at 1 h. 6 min. afternoon, that comet was not more than 
one scroidiainetcr of the earth to the northward of the 
earth's path; at which time had the earth been in that 
part of its orbit, the comet would have had a parallax 
equal to that of the moon.—What might have been the 
consequence of so near an appulsc, a contact, or lastly, a 
shock of these bodies? Mr. Whislon says, a deluge! 

To determine the Place and Course of a Come/.—Observe 
the distance of the comet from two fixed stars, whose lon¬ 
gitudes and latitudes arc known: then with the distances 
thus found, calculate the place of the comet by spherical 
trigonometry. 

Longomontanus shows an easy method of finding and 
tracing out the places of a comet mechanically, which is, 
to find two stars in the same line witti the comet, by stretch¬ 
ing a thread before the eye over all the three; then do the 
same by two other stars and the comet: this done, lake a 
celestial globe, or a planisphere, and draw a line upon it 
first through the former two ktars, and then through the 
latter two; so shall the intersection of the two lines be the 
place of the comet at that time. If this be repeated from 
time to time, and all the points of intersection connected, 
it will show the path of the comet in the heavens. 

The last comet which has been observed, was that of 
1807. It was distinctly seen by the naked eye for many 
weeks in September and October. Its elements arc as re¬ 
corded above; to which it may be added that its diameter, 
according to Dr. Hcrschcl, is 538 miles. 


CErlflt OlllCC UlttV IIUJV sjsassassvv 

the sun has increased, but its distance from the earth will 
diminish till the middle of October, when its least distance, 
will exceed 41 millions of leagues. It is not probable 
that the comet will become more visible, as it loses some¬ 
what more of its light by receding from the sun, than it 
gains by approaching nearer the earth. In general, the 
orbit of this comet is such, that it can never approach Tcry 
near the earth. The body of the comet appears to be sj> 
parated from the luminous matter, which surrounds it in 
the shape of a parabola. This phenomenon, which has 
not been perceived iu other comets, has been ascertained 
by the observations of all the astronomers in Paris, and 
without doubt will not escape the notice of other astro¬ 
nomers. It does not follow, however, that the body of tho 
comet is wholly separated from the luminous appearance, 
as the space that seems empty may be filled up by parti¬ 
cles less luminous than the rest” 

COMETARIUM, a machine adapted to give a repre¬ 
sentation of the revolution of a comet about the sun. It 
is so contrived as, by elliptical wheels, to show the unequal 
motion of a comet in every part of it* orbit. The comet 
is represented by a small brass ball, carried by a radius 
vector, or wire, in an elliptical groove about the sun in 
one of its foci; and the years of its period are shown by 
an index moving with an equable motion over a graduated 
silvered circle. See a particular description, with a figure 
of it, in Fergusson’s Astron. 8vo. pa. 400. 

COMMANDINE (Frederick), a celebrated mathe¬ 
matician . and linguist, was born at Urbino in Italy, in- 
1509 5 and died in 1575, at 66 years of age. He was fo- 
mous for his learning and knowledge in the sciences. To 
a great depth, and just taste in the mathematics, he joined 
a critical skill in the Greek languoge, a happy conjunction 
that well qualified him f6r translating and expoun^ng the 
writings of the Greek mathematicians. And accordingly, 
with a most laudable zeal and industry, he translated and 
published several of their works, to which no former writer 
had done that good office. On which account, Francis 
Moria, duke of Urbino, who was wry conversant in lbo» 
sciences, proved a very affectionate patron to him. Ho is 
greatly applauded by Bianchanus, and oUicr writeisj and 
he justly deserwd their eqcomiums. 

Of his own works he published the following: 

1. Commentarius in Planisphffirium Ptolcroaji: 1558, 


----- 

The following observations on this comet have also been 
published by JI. Burckhardt, of the Institute, on Sept. 22, in4to. t ... -n 

1807. “ The comet approached nearest the sun on the 12lh 2, Dc Centro Gravitatis Solid. Bonort. ^65, 

of September, at lOo’clock in the evening; it was then dis- 3. Horologiorum pMCripUo: Rom. 15()2,in 4 . 

tant 39 millions of leagues from the sun, and 54 fro® He translated and illustrated with notes, th 
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works, most of them beautifully printed in 4to, by the ccle- vide the greater t'enii by liie ii-ss ; ibcii dnide the .liviior 
brated printer Aldus; by the reniuiiulcr, if there be uny; and b«i on txiiUiuially, 

1. Archimedis Girculi Dimeiisio; de Lipcis Spiralibus; always dividing the last dnisor by the la't remainrter, nil 
Quadratura Parabola", deConoidibus et Sphairoidibus; de robing remains; then is the last divisor the greatist toin- 
Arenaj Nuincro: 1558. rron measure soueht. 


2. Ptolem®i Planispha?riijm;ctPlanisph.Jordani; 1558. 

3. Ptolcma;i Atialcmma: 15f)2. 

4. Archimedis dc iis quae Vehuntur in aqua: 1565. 

5. Apollonii Pergaji Conicorum libri quatuor, una cum 
Pappi Alexandrini Lemmatibus, ct Cumiiu-niariis Eutucit 
Ascalonitae, &;c: 1566. 

6. Machoruetes Uagdadinus de SuperCcicrum Divisiemi- 
bus: 1570. 

7. Elementa Euclidis; 1^72. 

8. Aristarchus de Magniludinibus ct Distantiis Solis ct 
Lunas: 1572. 

9. Hcronis Alexandrini Spiritualium liber: 1583. 

10. Pappi Alexandrini Collectioncs Mathem. 1588. 

COMMANDING Ground, in Fortification,an eminence 

or rising ground, overlooking any post or strong place.— 
This is of three sorts; Jst, A Front Commanding Ground, 
or a height opposite to the face of the post, which batters 
upon its front: 2dly, A Reverse Commanding Ground, or 
an eminence that can play upon the rear or back of the 
post: ddly. An Enfilade Commanding Ground, or an 
eminentfein flank which can, with its shot, scour the whole 
length of a straight line. 

COMMENSURABLE Stuaniiiies, or Magnitudes, arc 
such as have some common aliquot part, or which may be 
measured or divided, without a remainder, by one and the 
same measure or divisor, called their common measure. 
Thus, a foot and a yard arc commensurable, because there 
is a third quantity that will measure each, viz, an inch; 
which is 12 times contained in the foot, and 36 time%in 
the yard.—Commcnsurablcs arc to each other, as one ra¬ 
tional whole number is to another; but incommcnsurables 
arc not so: and therefore the ratio of commcnsurablcs is 
rational, but that of incommcnsurables, irrational; hence 
also the exponent of the ratio of commensurabies is a 
rational number. 

COMMENSURABLE Numbers, whether integers, or 
fractions, or surds, arc such as have some other number, 
which will measure or divide them exactly, or without a 
remainder. Thus, 6 and 8 are commensurable, because 
2 measures or divides them both. And f and or Vx and 
.j^arc commensurable fractions, because the fraction ^ or 
will measure them both; and in this sense, all 
/fractions may be said to be .commensurable. Also the 
surds 2^2 and 3v^2 nrecommcnsurable, being measured 
by v'S.or being to each other as 2 to 3. 

CoMKiCNSUKAnLE tn Power. Euclid says, right lines 
arc commensurable in power, when their squares are mea¬ 
sured by one and the same space or superficies. 

COMMON, is applied to an angle, line, measure, or 
the like, that belongs to two or more figures or other things. 
As a common angle, a common side, a common base, a 
common'measure, &c. 

CoMUON Mbasure, or divisor,is that which' measures 
two or more numbers without a remainder, 8 and 13, 
a common measure is 2, and so is 4. ' * * 

Tkeigreatest Common Measure is (he greatest number 
that can measure two other numbers. So of 8 and 12, the 
greatest Common measure is 4. 

To find the greatest common measure of.two numbers, DU 


Thus, to find the greatest coiiiiii(<ii nuasure of 816 and 
J48S. 

816 ) 1488 ( I 
8l6 

672) 8l6 ( 1 
672 

144 ) 6 : 2 ( 4 
576 

96 ) 144 ( 1 

96 

The common measure, 48 ') 96 ( 2 

90 

Therefore 48 is the greatest common measure of SI 6 and 


1438, thus; 


48 ) 816 ( 17 

48 ) 1488 ( 31 

48 

144 

336 

48 

336 

48 


Tlte common measure is useful in fractions, to reduce a 
fraction to its least terms, by dividing those that arc given, 
by tbeir greatest common nu*asure. So tiVt >'‘-‘‘iuces to 
by dividing 816 and 14SS both by ilieir greatest com¬ 
mon measure 48. 

COMMUNICATION 0 / Motion, tli^t act of a moving 
body, by which it gives motion, or transfers its motion to 
another body. Father Mallebraivche considers the com¬ 
munication of motion as something metaphysical; that is, 
as not necessarily arising from any physical princi[)les, or 
any properties oi bodies, but flowing from the ininicdiute 
agency of God. 

The communication of motion results from, and is an 
evidence of the impenetrability and inertia of mutter, os 
such ; unless wc admit the hypothesis of the penetrability 
of matter, advanced by Boscovich and Michel), and ascribe 
to the power ^ repulsion those clTects which have been 
usually ascrib^ to its solidity and actual resistance. 

Newton shows that action and reaction arc equal and 
opposite; so that one body .striking or acting against ano¬ 
ther, and thence causing'a change in its motion, does itself 
undergo the very same change in its own motion, the con¬ 
trary way. And hence, a moving body striking directly 
another at rest, it loses just as much of its motion as it 
communicates to the other. For the laws and quantity of 
motion so communicated, either in clastic or non-elastic 
bodies, sec Collision. 

COMMUlAlION, Angie qf, is the distance between 
the suns true place seen from the earth, and the ploce of 
11 planet reduced to the ecliptic: which therefore is found 
by taking the difference between the sun's longitude and 
the heliocentric longitude of the planet. 

COAIPANV, Rule of, or Rule of Fellowship, in Arith¬ 
metic, is a rule by which are determined the true shares 
of profit or loss, due to the several partners, or ussucintes, 
in any enterprise, or trade, in due proportion to the stock 
contributed by each, and the time it was employed. To. 
do which properly, see the Rule qf Felloicship. 

COMPARTMENT, a design composed of several dif- 
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l.uiil 'vith symmetry; to adorn a parterre, 

a Ciclini', I'iiiiMcl of joiiKTy, or the like. 

COMf'Ain'l nON, the useful and graceful distribution 

of tlie whole groiiiul-plot of an eilificc, Into rooms of 
anil of reception, or I'nlertainiiient. 

COMPASS, o\I\larineri Co/a/»niJ, is an instrument used 
:U sea by manners to din ct and ascertain the course of 
tlu ir ships. It consists of a circular brass box, which con* 
l.iins a paper card willi tin: 32 points of the compass, or 
^vnnls, lived on a magnetic necille that always turns to the 
north, excepting a small deviation, which is variable at 
liirtVrent places, and at tlie same place at ditferent limes. 
See Vaiuation o/tAe CwiipwA*. 

'I'll,- needle with tlic card turns on an upright pm fi.xcd 
in the centre of the box. 'lo the middle of the needle 
IS lixcil a bra'S conical socket or cap, by which the card 
hanging on the pin turns freely round the centre. 

■Hie top of the box is covered with a glass, to prevent 
the wind from disturbing the motion of the card. The 
whole is inclnseil in another box of wooil, where it issus* 
pended by gimbals, or brass hoops, to keep the card in a 
horiitoiUal position during tlic various motions of the ship. 
'I'lie whole oueht tO be so placed in the ship, that the 
middle section'^of the b<rx, parallel to its sides, may be pa¬ 
rallel to the middle section of the ship along its keel. 

'I’hc invention of the compass is ascribed l>y some wri- 
ti r, to Flavio Gioia, or Flavio of Malphi, about the year 
1302 ; and hence it is that the territory of I’rincipnto, the 
purl of the kingdom of Naples where he wds born, has a 
compass for its arms. He divided his compass only into 8 


name most nations call it, and which he observes is used in 
many parts of England to signify a circle. 

The mariner's compass long continued very rude and im¬ 
perfect, but at length received great improvement from the 
invention and experiments of Dr. Knight, who discovered 
the useful practice of making artificial magnets; and the 
further emendalions of Mr. bineaton, and Mr. M‘Culloch, 
by wbicli the nCedles arc larger and stronger than former¬ 
ly, and instead of swinging in gimbals, the compass is sup¬ 
ported in its very centre upon a prop, and the centres of 
motion, gravity, and magne tism, are brought almost all to 
the same point. 

After the discovery of that most useful property of the 
magnet, or loadstone, viz, its giving a polarity to hardened 
iron or steel, the compass was many years in use before it 
was known in anywise to deviate from the poles of the 
world. About the middle of the l6th crnluiy, so confident 
were some persons that the needle invariably pointed due 
north, that they treated with contempt the notion of the 
variation, which about that time began to be suspected. 
However, careful observations soon discovered that in 
England, and its neighbourhood, the needle pointed lo the 
eastward of the true north line; and the quantity of this 
deviation being known, mariners became as well satisfied 
as if the compass had none; because the true course could 
readily be obtained by making allowance for the true va¬ 
riation. 

From succeeding observations it was afterwards disco¬ 
vered, that the deviation of the needle from the north was 
not a constant quantity, but that it gradually diminished, 

. . a .1__ lua* T/atinn tnftt 


comimss for its arms, lie diviueci iiis compass oniy i.uo o .iv.. » ^ - 

points. Others are of opinion that the invention is due to and at last, namely, about the year 057, U «as found that 

die Chinese ; aiul Gilbert, in his book De Magnete, affirms the needle pointed due north at il 

»•» I _ xr_ a tn tinrA honn fnillff lO the WCStWAtcle till DOW tDC vanaUOli IS 


that Marcus Faulus, a Venetian, making a journey to 
China, brought back the invention with him in 12^0. What 
strengthens this conjecture is, that at first they used the 
compliss, in the same manner ns the Chinese still do, viz, 
letting it float on u small piece of cork, instead of suspend¬ 
ing it on a pivot. It is also addyd, that their cmperorChi- 
iiingus, a celebrated astrologer, had a knowledge of it 1120 
years before Christ. The Chinese divide their compass 
only into 2+ points. But Ludi Vertomanus affirms, that 
when he was in the East Indies, about thq.yoar 1500, he 
saw n pilot of a ship direct his cotinc by a compass, fas¬ 
tened and framed ns those now commonly used. And Bar- 
low, in his book called The Navigator's Supply, anno 1597, 
informs us, that in a personal conference with two East 
Indians, they affirmed, that instead of our compass, they 
use a nirfgnetical needle of 6 inches, and longer, upon a 
pin in a dish of white China earth, filled with water; in 
the lioltom of which they have two cross lines for the 4 
principal winds, the rest of the divisions being left to the 
skill of their pilots. Also in the same book he observes, 
that the Portuguese, in their first discovery of the East 
Indies, gut a pilot of Mahinde, who brought them from 
thence in 33 days, within sight of Calicut. 

But Fauchette relates some verses of Guoyot de Pro¬ 
vence, who lived in France about the year 1200, which 
seem to maki^ mention of the compass under the name of 
Marinette, or Mariner’s Stone; which show it was used in 
France near 100 years before either the Malfitc or Vene¬ 
tian one. The French even lay claim to the invention, from 
the flcur dc lis with which most people distinguish the 
north point of the card. With as much reason Dr. Wallis 
ascribes it to the English, from its name Compass, by which 


since been going lo the westward, till now the vanation is 
upwards of two points of the compass: indeed it was 2^ 
41' about the middle of the year 1781 • appears by the 

Philos. Trans* pa* 225, for that year, and is probably now 
somewhat more, which it would bo of consequence to know. 
So that in any one placeJl may be suspected the varia¬ 
tion has a kind of libratory motion, traversing thro^ 
llie north, to unknown limits eastward and westward, Bot 
the settling of this point must be left lo lime and future «• 
periments. Since the above was printed in the former coi¬ 
tion of this work, ilic magnetic observations have been par¬ 
tially resumed by the Royal Society; in consequence, the 
variation of the needle was there found to be (in Septemwr 
ISII) 24" 14' west, and the dip or inclination 70^ 32t. 
See Variation, also Inclination, and Dip. Also for 
a further description of different compasses and their uses,^ 
sec that useful book, Robertson’s Navigation, vol. 2, pa*. 

231, 

The /frimuiA Compass differs from the common sea com¬ 
pass in this, that the circumference of the card or-box « 
divided into degrees'; and there is fitted to the box an m* 
dex with two sights, which arc upright pieces of brao, 
placed diametrically opposite to each other, having a s i 
down the middle of them, through which the sun or star 

is to be viewed at tbe time of observation. 

The Use lifthe Azmuih Compass, is to take the beanog 
of any celestial object, when it is in, or above the honion, 
that from 1h*roagnctical aaimuth or amplitude, the vant- 
tion of the n^lle may bo known. See AaiMUTii, an 

Amplitude. ..r.i,* 

Tbe figure of the compass card, with the names oi w 

32 points winds, arc as in fig. 5, plate 8; where ot er 
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cot)ipa»bC-& are also exhibited. See also a new one in the 
biipplcment to Cavallo's Treatise on Magiieiisin. 

As there are 32 whole points quite around the circle, 
which contains 360 degrees, thcrel'ore each point of the 
compass contains the 32d part of 36o, that is 1degrees, 
or IJ* 15'; consequently the half point is 5“ 37' 30", and 
the quarter point 2“ 4S' 45". 

The points of the coInpa‘^s are otherwise called rhumbs; 
and the numbers of degrees, minutes, and seconds, made by 
every quarter point with the meridian, arc exhibited in the 
following tabic: 

.<4 Table of Rhumbs, showing the Degrees, Minutes, and 
Seconds, that evety Point and Quarter-point of the Compass 
makes with the Meridian. 
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Cnu PASS Dials, arc small dials, fitted in boxes, for the 
pocket, to show the hour of the day by the direction of 
the needle that indicates how to place them right, by 
turning the dial about till the cock or stile stand directly 
over the needle, IJut these caj» never be very exact, lic- 
causc of the variation of the needle itself; unless that 
variation be allowed for, in making and placing the in* 
stroment. 

COMPASSES, or Pair ef Compasses, a mathematical 
instrument for describing circles, measuring and dividing 
lines or figures, &c. * 

The common compasses consist of two sharp-ppinted 
branches or legs of iron, steel, brass, or other meUi, 
jojoed together at the top by a rivet, about which they 
move as on a centre. Those compasses are of the best 
kind 10 which the pin or axle, on w hich the joint turns, is 
made of steel, and also half the joint itself, os the opposite 
metals wear more equally: the points should also be made 
of hard steel, well polished; and the joint should open 
^nd shut wjth a smooth, easy, and uniform motion. In 
some compasses, the points arc both fixed; but in others, 
one js made to take out occasionally, and.a drawing'pen, 


J51 ] 

or pviiCii, put in its [ilncc. '1 In-re arc in u<-p rompa^.'C^ cf 
various kinds and coiilinancis, adapted to th,- v.hjlujv 
purposes tln-ji iiic intended tor; os. 

Compasses <f Thiee or Diungular Compusics-, 

the constt uciioii of which iv like (hat of ilit- cuininon coin- 
passcs, with the addition of a llui.l leg or |)oiiu, which has 
a motion every way. 1 heir use to lake three points at 
once, and s-. to form tiiangio, and la\, down three po¬ 
sitions of a map to be copied at </nce. 

fifciwi ComPA ssEs consist ol a long straiglii bi um or 
bar, carrying two brass cursors ; one of th> se leiiig fixeti 
at one end, the other sliding along the b<-ain, with a 
screw to fasten it on occasionally. Jo tin cui-sors n.ay 
be screwed points of any kind, whuher -leel, imn iK, .,r 
the like. To the fixed cursor is soinelinies appln d an 
adjusting or inicroiuctcr screw, by which an exieiit is 
obtained to very great nicely. The beam compasses 
arc used to draw large circles, to take great extents, or the 
like. 

.0010 Com PASSES, or Bows, are a small sort of coin- 
passes, that shut up in a hoop, which serve's for a handle. 
Their use is to describe arcs or circumferences w ith u very 
small radius. 

Caliber Co.mpasses. Sec Caliber. 

Chekmakers Compasses, are jointed like the common 
compasses, with a quadrant or bow, like the s[iiing com¬ 
passes, only of differcnl use, serving here to keep the in¬ 
strument firm at any opening. They are made very 
strong, with the points of their legs of wcll-tenjj)ered 
steel, as being used to draw or cut lines in pasteboard, or 
copper, bic. 

Cyfindricnl and Spherical Compasses, consist of four 
brunches, joined in a centre, two of them being circular 
and two fiat, a little bent at the ends. The use of them is 
to lake the diameter, thickness, or caliber of round or cy¬ 
lindrical bodies ; as cannons, balls, pipes, &c. 

1 here arc also spherical compasses, difiering in nothing 
from the common OIK'S, but that their legs arc arched; 
serving to take the diameten of round bodies. 

Another sort of compussfliRlso has lately been invented 
for incasuripg the diameter of round bodies, us balls, Arc, 
which consist of two fiat pieces of metal set at right angles 
on a straight bar or beam of the same ; the one piece be¬ 
ing fixed, and the other sliding thereon, so far as just to 
receive the round body between tiicni; and then its di¬ 
ameter, or distance between the two pieces, is show n by 
the divisions marked on the beam. 

Elliptical Compasses, are used to draw ellipses or 
ovals of any kind. The instrument consists of a beam ab 
(P late 8, fig.6',) about a fool long, bearing three cursors; 
to one of which may be screwed points of any kind; and 
to the bottom of the oilier two arc riveted two sliding 
rtovc-lails, adjusted in grooves made in the cross brunches 
of the beam. The dove-tails having a motion every way, 
by turning about the long branch, they go backward and 
forward along the cross; so that when the beam has gone 
half-way round, one of these will huve moved tlie whole 
length of one of the branches; and when the beam has 
gone quite round, the same dove-tail has gone back the 
whole length of the branch. The same is understood of 
the other dovc*lail« 

Note, the dbtance between the twosliding dove-lni)s, 
toe distance between the two foci of the ellipse; so that 
by changing that distance^ the ellipse will be mure circular 
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ur >lon.lci. UiKtcr ilto onds of the brandies of the cross, 
ai< placed four Steel points to keep it fust. 

Til. use of Ibis compass is c-asy: by turning round the 
long brand), llie pen, pencil, or other points will draw the 

ellipse leijuired. 

Iis li<'ure shows both its use and construction. 

6Vjma« Compasses have their legs a little bent oul- 
ward>,ncarthctop; so that when shut, llic points only meet. 

Hair Compasses arc so contrived withinsidc by a 
small adjusting screw to one of the legs, as to take an ex¬ 
tent to a hair's breadth. .... 

Proporlional Compasses arc those whose joint lies, 
not at the end of the legs, but between the points termi- 
natin« each leg. These are cither simple, or cotnpound. 

In the former kind the centre, or place of the joint is hxed; 
so that one pair of these serves only for one proportion. 

Ojmpound Proportional CoMVASSts have the joint or 
centre moveable. They consist of two parts or sides of 
brass, which lie upon each other so exactly as to appear 
hut one when they arc shut. Tlu*se sides easily open, 
and move about the centre, which is itself moveable in a 
hollow canal cut through the greatest part of their length. 
To this centre on e^ch side is fixed a sliding piece, of a 
small length, with a fine line drawn thereon serving as an 
index, to be set against other lines or divisions placed up- 
on the compasses on both sides. 1 hese lines are, 1, A line 
of lines; 2, a line of superficies, areas, or planes, the 
numbers on which answer to the squares of those on the 
lino of lines ; 3, a line of solids, tbc numbers on which 
answer to the cubes of those on the line of lines ; 4, a line 
of circles, or rather of polygons to be inscribed in circles. 
These lines arc all unequally divided, the first three from 
1 to 20. and the last from 6 to 20. The use of the first 
is to divide a line into any numberof equal parts ; by the 
2d and 3d are found the sides of like planes or solids ip 
any given proportion ; and by the 4th, circles arc divided 
into any number of equal part^t or any polygons inscribed 

in them. See I’latc 8, fig. 7* , ^ . j j 

Spring CO.MPASSES, or Dfwrfcrr, arc made of hardened 
steel, with an arched head, ^ich by its apnng opens the 
lees; the opening being directed by a circular screw fast¬ 
ened to one of the legs, let through the other, and worked 
with a nut. 

TYitecting Compasses, for the trisecting of angles me¬ 
chanically, for which purpose they were invented by M. 
Tarragon. The instrument consists of two central rules, 
and an arch of a circle of 120dcgrcc3, immoveable, with 
its radius: the radius is fastened with one of the central 
rules, like the two legs of a sector, that the central rule 
may be carried through all the points of the circumference 
of the arch. The radius and gule should be as thin os 
possible;'and the rule fastened to the radius should be 
imminercd cold, to be more clastic; and the breadth of 
the other central rule must be triple the breadth of 
the radius: in this rule also is a groove, with a dove-tail 
fastened on it, for its motion; there must also be a hole 
in the centre of each rule. 

Thrti'up CoMPASSis, a late contrivance to save the 
trouble of changing the points; the body is like the com¬ 
mon compasses; and towards tbc bottom of the legs with- 
outsidc, arc added two other points, besides the usual 
ones; the one carrying a drawing-pen poin^, and the other 
a port-crayon; both being adjusted to turn up^ to be used 
• or not, as occasiou may require. 


COMPLEMENT in general, is what is wanting, or 
necessary, to complete some certain quantity or thing. 
As, the 

Complement of an arch or angle, as of 90® or a qua¬ 
drant, is what any given arch or angle wants of it; so the 
complement of 50® is 40®, and the complement of 100“ is 
— 10®, a negative quantity.—The complement to 180® is 
usually called the supplement, to distinguish it from tbc 
complement to gO®, properly so called.—The sine of the 
complement of an arc, is contracted into the word cosine; 
the tangent of the complement, into cotangent ; &c. 

Arithmetical Complement, is what a number or loga¬ 
rithm wants of unity or 1 with some number of ciphers. 

It is best found, by beginning at the left-hand side, and 
subtracting every figure from 9* except the last, or right- 
hand figure, which must be subtracted from 10. 

So, the arithmetical comp, of the log. 9'5329714, 
by subtracting from 9’s» ^tc, is 0‘4670286. 

The arithmetical complements arc much used in Of^ra- 
tions by logarithms, to change subtractions into additions, 
which arc more conveniently performed, especially when 
there arc more than one of them in the operation. 

CoJtPLE.MENT, ill Astronomy, is used for the distance 
of a star from the zenith ; or the arc contained between 
the zciiith and the place of a star which is above the ho- 
' rizon. It is the same as the complement of the altitude, 
or co-altitude, or the zenith distance. 

Complement qf the Course, in Navigation, is the quan¬ 
tity which the course wants of 90®» or 8 points, viz, a quar¬ 
ter of the compass. 

Complement of the Curtain, in Fortification, is that 
part of the anterior side of the curtain, which makes the 

demigorge. ^ , r 

CoMPLEMEN TS qf the Line qf Defence, is the remainder of 

that line, after the angle of the flank is taken away. 

Complements qfa parallelogram, or in a Parallelogrtm, 
arc the two lesser parallelograms, made by drawing two 
right lines parallel to each side of 
the given parallelogram, through the 
same point in the diagonal. ^ So p 
and Q arc the complements in the 
parallelogram adcu. 

In every case, these complements 
are always equal, viz, the parallelo¬ 
gram P = Q. , . t j 

Complement of life, a term much used, in the doc¬ 
trine of Life Annuities, by De Moivre, and, according to 
him, it denotes tbc number of years which a given life 
wants of 86, this being the age which he considered as the 
utmost probable extent of life. So 56 is the complement 
of 30, and 30 is the complement of 56. 

That author supposed an equal annual decrement ot 
life through all its stages, till the age of 86. Thus, « 
there be 56 persons living at 30 years of age, it is 
that one will die every year, till they be all dead m 50 
years. This hypothesis in some cases is near the truth, 
for Ihp value of single lives. Demoivre had another ny- 
potbesis, that of life decreasing in geometrical progreaion, 
for calculating the value of joint lives; but more inac¬ 
curate than the former. See lift Annuities; 
vrc's Treatise oii Annuities, pa. 83 ; Simpson’s Life An¬ 
nuities; Price on Reverwonary Payments, pa. 2; ana 

Daily’s Life Annuities. , 

COMPOSITE Number, is one that is compounded oi, 
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or made up by the multiplication of two other numbers^ 
greater than 1, or which can be measured by some other 
number greater than 1. As 12, which is composed, or 
compoi4nded of 2 and 6, or 3 and 4, viz, by multiplying 
together 2 and (>, or 3 and 4, both products making the 
same number 12; which therefore is a composite number* 
Composites arc op|)osed to prime numbei'S, or primes, 
which cannot be exactly measured hy any other number 
except unity; or be produced by multiplying together two 
otiier factors. 

Com rosiTE Numbers helxvtcn thmselvcs^ arc the same with 
commensurable nuinbcn>, or such as have a common mea¬ 
sure or factor ; as J5 and 12, which have the common 
term 3. I'hc doctrine of Prime and Composite numbers 
is pretty fully treated in the 7th and 8lh books of Euclid's 
Eleinenrs* 

Composite Nujuben^ in musical calculations, are such 
as are composed hy the multiplication of the prime in¬ 
tegers 2,3,5. All primes larger than these, or com¬ 
posite numbers into which such enter, arc not musical 
uutnbers, but are irrational, or surd, in a musical sense* 

Composite Orrfer, in Architcclun?, is the last of the 
five orders of columns; and is so called, because its capital 
is compoSed out of those of the other orders, 'riius, it 
borrows a quartcr-round from the Tuscan «nd Doric; a 
double row of leaves from the Corinthian ; and volutes 
fr(un the Ionic* Its cornice has single modillions, or 
dentils; and its column is 10 diameters in height. This 
order is also called the Homan order, and Italic order, as 
having K*en- invented by the Romans, like os the other 
orders arc denominated from the people among whom 
they had their rise. 

COMPOSITION, 15 a species of reasoning by which 
we proceed from things that arc known and given, step by 
step, tilt we arrive at such as were before unknown or re¬ 
quired ; viz, proceeding upon principles self-evident, on 
definitions, postulates, and axioms, with a previously de¬ 
monstrated series of propositions, step by step, till it gives 
a clear knowledge of the thing to bo known or demon¬ 
strated* Composition, otherwise called the synthetical 
method, is opposed to Resolution, or the analytical me¬ 
thod, and is chiefly used by the ancients, Euclid, Apol¬ 
lonius, &c* St'c Pappus ; also the term Analt^is. 

Com POSIT lOK o/forccM, or qf motion^ is the union or as¬ 
semblage of several forces or motions that arc oblique to 
one another, into an equivalent one in another direction* 

J. When several forces or motions arc united, that act 
in the same line of direction, the combined force or motion 
will be in the same lino of direction also. But when ob¬ 
lique forces arc united, the compounded force takes a new di¬ 
rection, dificront from both, and is cither a right line or a 
curve, according to the nature of the forces compounded* 

2. If two compounding motions be both equable ones, 
whether equal to each other or not, the line of the com¬ 
pound motion will be a straight one* Thus, if the one 
equable in the direction ab be sufli- 
cient to carry a body over the space 
AD in any time, and the other equable 
motion sufiicient to pass over ac in the 
tame time; then by the compound mo- 
tiof),or both actingoD the body together, t 
It would in the same time pass over the ' 
diagonal ad of the parallelogram abdc* 

Fur because the motions arc uniform, c' 

Voi** L 
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any spaces aA, ac passed over in the sanjc time, arc pro¬ 
portional to the velocirit'S, or to aB and ac; and cohm- 
quenrly all the points a, d, d, d, of the path arc in ilic 
same right line. 

3. And though the compounding motions be not equa¬ 
ble, but variable, either accelerated or retarded, provided 
they do but vary in a similar manner, the compounded mo¬ 
tion will still be in a straight line. Thus, suppose for in¬ 
stance, that the mations both vary in such a manner, as 
that the spaces passed over in the same time, whether they 
be equal to each other or not, are both as the same power 
« of the time; then ab'': ac*^: : Ab''; ac*, and hence 
AB : AC ; : a 6 : AC, and therefore, as before, Ad//i) j> still a 
right line. 

4. But if the compounding motions be not similar to 

each other, as when the one is equable and the other va- 
nablo, or when they arc varic<l in a dissimilar manner, 
then the compounded motion is in some curve line: so, if 
the motion in the one direction ef bc.in a less proportion, 
with resjHct to the lime, than that in the direction ro is' 
then the path will be a curve line eAii ’ 

convex lowardsr.r; but if the motion in 
EF be in n greater proportion than that 
in LG, then the path of the compound 
motion will be a cur>c eiu concave 
lowanis ef: that is, in general, the 
curvilineal path is convex towards that 
direction in whicli the motion is in the 
less proportion to the time. Hence, 
for a particular instance, if the mo¬ 
tion in the direction lf be a motion of projection, which 
is an equable motion, and the motion in the direction eg 
that arising from gravity, which is a uniformly accelerated 
motion, or in proportion to the squares of the times; then 
is EG as CM*, and Eg as that is bo : Eg : : oh* : gh\ 
which is the property of the parabola ; and therefore the 
path rAit of any body projected, is the common parabola. 

5« If there be three forces united, or acting against the 
same point a at the same time, viz, the force or weight b 
in the direction ab, and the forces or tensions in the di¬ 
rections ac, ad ; and if these three forces mutually balance 
each other so as to keep the common point a in cquilibrio, 
then arc these forces directly proportional tt^thc respective 
sides of a triangle; formed by drawing lines paraUcl to the 
directions of these forces; or indeed perpendicular to those 
directions, or making any one and the same angle with 
them* So that, if be be drawn parallel, for instance, to ad, 
and meet ca produced in E, forming the triangle abb, then 
arc the three forces in the directions ab, ac, ad, respec¬ 
tively proportional to the sides ab, ab, be* 




And this theorem, with its corollaries, Dr* Keil observes, 
is the foundation of all the new mechanics of M* Varienon* 

2Z 
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bj help of winch may the force of the muscles be com* 
putod, nnd niobt of iUv m< chaiuc theorems in Borelli, I)c 
Motu Animalium, nuiy imniodi^tely be deduce<l. And 
hence aUo may any luunher of forces be compounded to* 
gel her into one only. See CoMlsiOK, Composition of 
Fourns, \c. 

Co^teosiTioN 0 / NumUrs and Suaniitits. See Com* 

n S ATIOS. 

CoMVOsixroN of Proportion^ according to the 15lh dc* 
finiiiun of (he 5lh book of Fuclitl's Elements, is when, of 
4 proportionals, the sum of the Island *2d is to (he 2d, as 
the sum of the 3d and 4th is to the 4th: 

as if it be a : b : : c : rf, 

then by composition a -h 0 : b : : c ^ d i d. 

Or, in numbers, if 2 : 4 : : 9 • fS, 

then by comp(^si(i<m 6* : 4 : : 27 : 18. 

CosrpQSiTjoN of liatiosi is the adding of ratios logo* 
thor; which is |>crrormcd by multiplying together their 
corrcspon<litig terms, viz, the antecedents together, and the 
con$ec|uciiU together, for the antecedent and consequent 
of the compounded ratio; like as (he addition of logarithms 
is the same thing as the multiplication of their correspond* 
ing numbers. Or, if the terms of the ratios be placed 
fracijon-wise, then the addition or composition of itie ra* 
tins is performed by multiplying the fractions together. 

' Thus, the ratio of : A, or of 2 : 4, 

added to (he ratio of c : tf, or of 6 : S, 

makes the ratio of uc : hd^ or of 12 : 32; and so tho ra* 
tio of ac to bd is said to bo compounded of the ratios of 
a to 6, and c to d. So likewise, if it were required to 
compound together the three ratios, viz, of a to i, c to <f, 

and t to /; then r * v ^ 7 = the terms of the 

b a f Mf 

compound ratio; or the ratio of ace to bdf is compounded 
or made up of the ratios of a to 6, c to t/, and e \of 

Hence, if the consequent of each ratio be the same as 
the antecedent of the preceding ratio,^tben is the ratio of 
the tirstterm to the last, compounded, or made up of all 
the other ratios, viz, the ratio of a to c, equal to the sum 
of all the ratios of a to of b to c, of c to (/, aud of d to 


soquently* if p be any other principal sum, forbom for/ 
years, tlien its amount in (hut time at comp<iund interest, 

IS <1 = pr'. 

The RuU therefore in words is this: to one pound add 
its int<‘rcst for one year, or half jear, or for the first time 
at which the interest is reckoned ; raise the sum r to the 
power denoted by tlie time or number of terms; then this 
power multiplied by tho principal, or first sum lent, will 
produce the whole amount. 

For example, To find how much 50/ will amount to in 
5 years at 5 per cent, per annum, compound interest— 
Hero the interest of 1/ for I year is *05, and therefore 

r =: 1*05 ; hence tho 5(h power of 

it for 5 years, is r* = I'27028 &c; 
multiply this by p or - 60 

gives the amount pr^ or 63*814/ 
or 63/ 165 for the amount sought. 

If the compound interest, or amount of any sum, be 
required for the parts of a year, it may be determined as 
follows: 

1. When the time is any ali<[uoc part of a year. 

Rule. Find the amount of 1/ for 1 yearns before, an<l 
that root of it which is denoted by tho a)i<|uot part will 
be the amount of 1/ for that time; which multiplied 
by the principal, will be the amount of the given sum re¬ 
quired. 

2. When the time is not an aliquot part of a year. 

Ride. I. Reduce the time into days, and the S65tb 

root of the amount of 1/ for 1 year, is the amount of the 
same! sum for one day. 2. Raise this amount to that 
power whose index is equal to the number of days, and it 
will be the amount of 1/ for the given lime. 3. Multiply 
this amount by the principal, and it w ill be the amount of 
the given sum required. 

No(€. The readiest way of extracting tlio roots, espe* 
daily high ones, is by logarithms, thus: Divide the luga* 
rithm of the rale, or amount of I/, for a year, by the de¬ 
nominator of the given aliquot part, and the quotient will 


the other ratios, viz, the ratio of a to r, equal to the sum be the logarithm of the root sought. , 

of all the ratios of a to of b to c, of c to (/, aud of d to Rut Compound Interest for any given number of wholp 

for i X X i K i = i the terms or exponents of ihc ' years, is best con.pulcd by means of such a table .« the 
b c d e e . following, being the amounts of 1/ for any number of- 

compouiuicd ratio. years, and at several rales of compound interest. 

Hence also, in a series of coiilinuul proportionals, ihc example of the use of this inble, suppose it were 

•ratio of the first term to the third is double of the ratio of required to find the amount of 250/ for 35 years at + per 
the fmt to the second, compound interest. 

and the ratio of the 1st to the 4th is triple of it, jn the column of 4 per Cent, and line of 35 years, 

and the ratio of the Ist to the 5th is quadruple of it, is . .. - - 3'94609, 

and so on; that is, the exponents are double, triple, qua- multinlicd bv the principal - 250 

druple, «c, of the first exponent: as in the series 1, o, a^, 

0^, o‘, &c; where the ratio I to d‘ is double, of 1 to o* ' * * ' I us6l 10* Sid 

triple, ftc, of the ratio of I to o: or the exponentof a*, ® 

&c. double, triple, quadruple, &c, of «. wh^h ts the amount sought. 

COMPOUND INTEUEST, called also /atemt upon In- . .nspeetton of tins ^ 

is that which is reckoned not only upon the princi- 5°'". ^ ZKl 

pal, but on the interest itself forbom, which thus bJeomes . t 

*a sort of secondary principal. the amount becomes the 

If r be the amount of 1 pound for 1 year, that is the 2; So it is found that a the several rates the re- 

sum of the principal and interest logeth/r for otic year; *P®‘=‘.‘'^®. any sum. are nearly 

then is f* the amount for 2 years, «» . .t > c 

and r® the amount for 3 ycart, . | . 

and in general »• the amount for t years; that is r* is the *3, 20i I/t 15? 1 t 2 

sum or total amount of all the principals and interests to¬ 
gether of 1/ for the whole timeor number of years*; con- 


250 

gives ----- 9«ti'52250 

or - - • - - 986/ 10* 5^. 

which is the amount sought. 

Noie. By a bare inspection of this table, it appears 
how many years are required for any sum of money to 
double itself, at any rate of compound interest; via, by 
looking in the columns when the amount becorars the 
number 2. So it is found that at the several rates the re¬ 
spective times requisite for doubling any sum, arc nearly 
thus; viz, 

Rate 3 3{ 4 4^ 5 6 

Yean 2di 20| 17i 15i 14i 12 
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COMPOUND UToiian, tbat motion which is the effect 
of several conspiring powen or forces, vi*, such forces as 
are not directly opposite to each other: as when the ra¬ 
dius of a circle is considered as revolving about a centre, 
and at the same time a point moving along it ; which pro¬ 
duces a kind ofaspiral for the path of thepoint. And hence 
it is easily perceived, that all curvilinear motion is com¬ 
pound, or the effect of two or more forces; though every 
compound motion is not curvllinca^. 

, It is a tK>pular theorem in Mechanics, that in uniform 
compound' motions, the velocity produced by the con- 
spiring powers or forces, is to that of cither of the two 
com^undmg powe« separately, ns the diagonal of a pa¬ 
rallelogram, according to the direction of whose sides they 
act^parately, is to either of the shies. Sec Com positxok 
tif Motion, and Colluiuk, 

CoMtovBD Number, those composed of the multipli¬ 


p 

1 B (0 per 
1 cent. 

1 

1 ceil t. 

1 

\ ccuK. 

1 

1 cent. 

S per 
cent. 

6 yvt 
cent. 

i 

J *03000 

J *03500 

1 . 1*04000 

1*0450( 

r 1-030011 

1 J *00000 

•2 

1*00090 

J 07123 

1-0810O 

1-09 JO.: 

i 1-102.50 

1 1*12300 

3 

J 09273 

M0872 

1 1-12480 

M4lt7 

11570) 

I•)9102 

4 

Mi55l 

M4752 

I 1-10980 

1-19252 

1*21551 

i -20248 

6 

115927 

M8709 

1-21005 

1-24618 

1 •27025 

1-33823 

G 

\-VJ40j 

I-27920 

1-20532 

1 *30220 

1*34010 

J-4 1852 

7 

J-22987 

1-27228 

1-31593 

1 *30080 

1-40710 

J ‘50303 

d 

1-20077 

1-31081 

1*30857 

1 *-12210 

1*47740 

1*59385 

0 

1-31)477 

1-30290 

1*42331 

i 1*48010 

1*55133 

j 1*6>948 

10 

J-34392 

1-41000 

» 

1-48024 

j 1-35297 

1-02890 

1*79085 

n 

1*38423 

1-45997 

1-53945 

! 1-02285 

1*71034 

1-89830 

12 

1-42570 

1-51107 

1*60103 

i 1-09588 

1*79580 

2*01220 

13 

J-4^853 

1-36390 

1-00507 

I 1-77220 

1*88505 

2*13293 

)4 

1-51259 

1-01869 

1-73108 

1 1*85194 

1-9799.) 

2*20O9O 

15 

1-55797 

1-07535 

1*80094 

1*93528 

2-0789J 

2-39050 

IS 

1-00471 

1 -73399 

1-87298 1 

2-022.37 

2*18287 

2*54035 

17 

1-05285 

1-79400 

1-94790 1 

2-11338 

2-29202 

2-69277 

18 

J-70243 

1-85749 

2-02582 

1 2*20848 

2*40002 

2-85434 

VJ 

1-753.51 

1-92250 

2-1U086 

2-30780 

2*52095 

3-02.500 1 

20 

1-80011 

1*98979 

1 2-19112 

2*41171 

2-05330 

3*20714 ; 

21 

1-80O29 

2-05943 

2-27877 

2-52024 

2'7859(r 

3-39956 

22 

J-9I0IU 

2-13151 

2-30992 

2*03305 

2-92.S20 

3*00354 

23 

1-97359 

2-20011 

2-10472 

2-75217 

3*07152 

3-81975 

24 

2.03279 

2-28333 

2-503JO 

2-87001 

3*22510 

4-0489.) 

25 

209378 

2-30324 

2-00584 

3-00543 

3-38035 

4-29187 

20 

2-15059 

2-44590 

2-77247 

3-14008 

3-5S567 

4*54938 

27 

2-22129 

2-63167 

2-88337 

3*28201 

3-73346 

4-82235 

28 

2-28793 

2*02017 

2-99870 

3-42970 

3-92013 

5-11169 

29 

2-35657 

2-7 M 88 

3-11805 

3-58404 

4*n6l4 

5-41839 

30 

2-42720 

2-80079 

3-24340 

3-74532 

4-32194 

5*74349 

31 

2-50008 

2*90503 

3-37313 

3*91380 

4-63804 

6*08810 

32 

2-57508 

3-00071 

3-50800 

4*08998 

4-76494 

6-45339 

33 

2-05234 

3-11194 

3-04838 

4*27403 

5-00319 

6*84059 

34 

2-73191 

3-22086 

3-79432 

4-40030 

5-25335 

7*25103 

35 

2-81380 

3-333S9 

3*94609 

4-60735 

5-51602 

7-68609 

3S 

2-89828 

3-45027 

4-10393 

4-87738 

5-79182 

8 14725 

37 

2-98523 

3-57103 

4-20809 

5*09080 

6-68141 

8*03609 

38 

3*07478 

3*09001 

4-43881 

5*32022 

6-3854B 

9-15425 

39 

3-10703 

3-82537 

4-01037 

5-50590 

6-70475 

9*70351 

40 

3-20204 

3-95920 

4-80102 

6-81030 

7-03999 

10-20672 

41 

3-35990 

4-09783 

4-99300 

6*07810 

7-39199 

10-90286 

42 

3-40070 

4-24120 

5-19278 

6-35102 

7-76159 

11-56703 

43 

3-50452 

4-38970 

5-40050 

0-03744 

e-14967 

) 2*25046 

44 

>G7\4S 

4-54334 

5-01052 

6-93612 

8-55715 

12-98648 

45 

3-78100 

4-70230 

5-84118 

7-24025 

8-96501 

13*76461 

40 

3-89504 

4-80694 

0-07482 

7-57442 

9-43426 

14*59049 

47 

4-01190 

5-03728 

0-31762 

7-91527 

9*90597 

15-46592 

48 

4*13225 

5-21359 

0-57053 

8-27146 

10-40)27 

16-39387 

49 

4-25022 

s-aoooo 

0-83335 

6-64367 

10-92133 

17-37750 

SO 

4-38391 

5-5849.3 

7-10508 

9*03204 

11*46740 

18*42015 


cation of two or more non,lets: as J2, composed of J 
limi's 4. Soe Composite. 

Compound Ftndutum, that which consi&ls of •(■\eral 
weights coiislantl^ ki-cjiino fin. same distance, boili from 
each other, and trom the crntre about which they oscil¬ 
late. 

Compound Quantities, in Algebra, an- such as arc con- 
iierted together by the signs h- or Thus, n b, or 
a — c -h d, or nii — 2a, are compound quantities. Com¬ 
pound (juamilies arc distinguished into binomials, tri¬ 
nomials, quadrinomials, ^cc, according to the inimber of 
terms in lli.-m ; viz, the binoiniHl having two terms; ilic 
innomial, three ; the quadrinomial, 4 ; ice. Also, those 
that have more than two terms, arc called by the "cneral 
name of multiiinmials, as also polynomials. 

CoMPou.vD Ratio, is that which is made by adding 
two or more ratios together; viz, by multiplying all 
tlieir antecedents together for the antecedent, am? all 
the consequents together for the consequent of the com¬ 
pound ratio. So O' to 72 is a ratio compounded of the 

ratios 2 to (!, and 3 to 12; because ss i x — • 

I , , . 74 6 JJ • 

also ao to cc is a ratio compounded of the ratio of a to c, 

and 6 to d ; for ^ s “ x Sec Composition qffhrrioj. 

COMPRESSION, the act of pressing, or squeezing 
something, so as to bring its parts nearer together, and 
make it occupy less space. Compression differ# from 
condensation as the cause from the effect, compression be¬ 
ing the action of any force on a body, without regarding 
its effects; whereas condensation denotes the state of a 
body that is actually reduced into a less bulk, and is an 
eflect of compri'ssion, though it may be effected also by 
other means. Nevertheh ss, compression and condensation 
are often confounded. 

Pumps, which the ancients imagined to act by suction, 
do in reality act by compres.sion ; the piston, in working 
in the narrow pipe, compresses the inclosed air, so as to 
enable it, by the force of its incre'ascd elasticity, to raise 
the valve, and make its escape; on which, the balance 
being destroyed, the pressure of the atmosphere on the 
stagnant surface, forces up the water in the pipe, thus 
evacuated of its air. 

It was long thought thatwaterwos not compressible in¬ 
to less bulk: and it was believed, till lately, that after 
the air had been purged out of it, no art or violence was 
able to press it into less space. In an experiment made by 
the Academydcl Cimento, water, when violently squeezed, 
made its way through the fine pores of a globe of gold, ra¬ 
ther thun yield to the compression. 

But the ingenious Mr. Canton, attentively considering 
this experiment, found that it was not sufficiently accu¬ 
rate to justify the conclusion which had always been 
drawn from it; since the Florentine philosophen had no 
incthod of determining that the alteration of figure in their 
globe of gold, occasioned such a diminution of its internal 
upacity^ as was exactly equal to the quantity of water 
forced into its pores. To bring this matter therefore to a 
more accurate and decisive trial, he procured a small 
glass tube of abgui two feet long, with a ball at one end, 
of an inch and a quarter in diameter. Having filled the 
ball and part of tijc tube with mercury, and brought it 
exactly to the beat of 50^ of Fahrcuheit s tbermoiBotcr, 
be marked the place where the mercury stood in the lube^ 

2Z2 ' 
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which was about six inches and a half above the ball; he 
then raised tlie mercury by heat to the toj) uf the lube, 
and there scaleil tlic tube hermetically ; then on reducing 
the mercury to the same degree of heal as before, it stood 
It) the tube higher than tin mark. The 

same eNperitnent was repeated witli water exhausted of 
air, instead of mercury, and the water stood in the tube 
uf an incli abuse the mark. Since the weight of the 
atmosphere on the outsiile of the ball, without any coun¬ 
terbalance from within, will compress the ball, and equally 
raise both the mercury and water, it appears that the 
water expands of an inch more than the mercury by 
removing the weight of the atmosphere. Having thus di- 
tenniiied lliat water is really compressible, lie procec«le<l 
to estimate the degree of condensation corre-poinling to 
any given wiiglit. For this purpose he prepared another 
hall, with a tube joined thereto ; and finding that the mer¬ 
cury in tVb hundred thou¬ 

sandth part of that containeii in the hall, he divided the 
tube accordingly. lie then tilled the ball and part of the 
tube with water exhausted of air; and leaving the tube 
open, placed this apparatus under the receiver of an air- 
pump, and observed the degree of expansion of the water 
answering to any degree ol rarelaction of the air ; and 
again by putting it into the glass receiver of a condensing 
engine, lie noted the degree of condensation of the water 
corresponding to any degree of condensation of the air. 
He thus found, by lepeated trials, that, in a temperaturo 
of 50*, and wlien the mercury has been at its mean height 
in the barometer, the water expands one part in *21740 ; 
and is ns much compressed by (he weight of an addiliottal 
atmosphere; or the compression of water by twice the 
weight of the atmosphere, is one part in 10870 of its whold 
bulk. Sliould it be objected, that llic compressibility of 
the water was owing to any air which it might be supposed 
to contain, he answers, that more air would make it more 
compressible; he therefore let into tlic ball a bubble of 
air, and found that the water was not more compressed by 
the same weight than before. 

In some further experiments of the same kind, Mr. Can¬ 
ton detenuined lliat w.itcr is more compressible in winter 
than in summer; but he observed the contrary in spirit 
of wine, ami oil of olives. The following table wasform- 
cd, when tlic barometer was at 29 inches and a half, and 


the thermometer at 5O0cg 

rcps. 


Cottipreuion of 

Millionib i>ts. 

Spec. pniv. 

Spirit of wine 

66* 

840* 

Oil of olives 

48 

0J8 

Uain water 

46 

1000 

Sea water 

- ' 40 

1028 

Mercury 

3 

13595 

He infers that these fluids 

arc not only 

compressible, 


clastic ; and that ihc compressions of them, by the vitnc 
weight, are not in the invcrbc ratio of their densities, or 
spccificgravities,as might be supposed, Phil.Trans, vol,lit. 
1762, art. 103; and vol. liv. 176*4, art. 47* 

The compression of the air, by its own weight, is sur¬ 
prisingly great: but the air may be still farther compress¬ 
ed by art. Sec Elauieity qf Am. This immense com¬ 
pression and dilatation, Newton observe*, cannot be ac¬ 
counted for in any other way, but by a repelling force, 
with which the particles of air are endued; by virtue of 
whicbi when at liberty, they mutually recede from each 
other. 


i ] 

He also further informs us, that this repelling power is 
stron-’cr and more sensible in air, than in other bodies ; 
because air is gon- rated out of very fixed bodies, but not 
withiiut great «litTicuhy, and by the help of fermentation ; 
now thu'-e parttcles always recede from each other with 
the greatest violence, and arc compressed with the greatest 
dilliculty.w liich.w ben contiguous, cohere the moat strongly. 
See Aiu, .\TruACriov, Coiii-SioN, Dilatatiox, and 

Hl.PU J.SION. 

COMl’U TATION, the manner of accounting and esti¬ 
mating tune, weights, measures, money, &c. Sec Cal- 
cui.ATioN, which it is also uscil for. 

CONCAVK.an appellation used in speaking of the inner 
surface of hollow boilies, more especially of spherical or 
circular ours. 

Concave glassr«, lenses, and mirrors, have cither one 
siile or both sides concave. 

The pr<tperty of all concave lenses is, that the rays of 
light, in passing through them, are deflected, or made to 
recede from one anotlier; ns in convex lenses they arc 
inflected towards each other; and that the more ns the con¬ 
cavity or convexity has a smaller nulius. Hence parallel 
rays, as tluisc'of the sun, by passing through a concave 
lens, become iliverging; diverging rays nr^ made to di¬ 
verge more ; and converging rajs are made either to con¬ 
verge less, or to become parallel, or go out diverging. And 
hence it is, that objects viewed through concave lenses, 
appear dimiuislied; and the more so, os they are portions 
of less spheres. See Lexs. 

Concave mirrors have tlie contrary effect to lenses: 
thev reflect the rays which fall on them, so as to make 
them approach more to, or recede from each other, than 
before, according to the situation of the object; and that 
the more as the concavity is greater, or ns the radius of 
concavity is less. Hence it is that concave mirrors mag¬ 
nify objects that arc presented to them; and that in a 
greater proportion, as they arc portions of smaller spheres. 
And hence also concave mirrors have the cfl’cct of burning 
glasses. See Miiiuon,and Burxiso-Glass. 

CONCAVITY, that side of a figure or body which-is 
hollow.—An arch of a curve has its concavity turned nil 
the same way, when the right lines that join any two of its 
points arc* all on the same side of the arch. 

Archimedes, intending to include in his definition such 
linos as have rectilinear parts, says, a I’me has its concavity 
turned one way, when the right lines that join any two of 
its points, arc either all on one siile of it, or while some 
fall upon the line itself, none fall on the opposite side. 
Archiin. dc Sphsr. etCyl. Dof. 2; and Moclaurin’s Flu.x- 
ions, art. 180. 

When two lines that have their concavity turned tho 
same way, have the same extremes, and the one includes 
the other, or has its concavity towards it', the perimeter of 
that which includes,' is greater than that which is iocluded. 
Archiin. ib. nx. 2. 

CONCENTRIC, having the same centre. It is opposed 
to cxcentric, or having different centres.' The word is 
chiefly used in speaking of round bodies and figures, such 
as circular, and elliptic ones; but it may also be used for 
polygons that arc drawn parallel to each other, from the 
sa^c centre.—Nonius’s method of graduating instruments 
consists in describing with the same <iundrant 45 concen¬ 
tric arches, dividing (he outermost into 90 equal pails, the 
next into 89, and so'on. 
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CONCHOID, or Cokchiles, the name of aciir%*o in* 
vented by Ni com odes. It was inttch used by the ancients 
in the construction of solid problems, as appears by what 
Pappussavs.— h is* thus constructed : Apaml bd being two 
line> intersecting at right angles; from pdraw u number 
oi other lines pfde, on which take always D£ = Of 
= Anornc; so shall the curve line drawn through all 
the jioinls E, E, E, be the first conchoid, or that of Nico- 
modes; and the curve drawn through all the other points 
F, F, r, is called the second conchoid; tliough in reality, 
lliey are both but parts of the same curve, having the same 
pole r, and four infinite legs, to which the line dbd is a 
common asymptote. 



The fixed point r is called the pole or centre of the 
conchoid. And the line Bn is called the dire<;trix. 

To determine the equation of the curve: put ab = BC 
s DEar DS' PB ^ b, BG = EU sx, and OE s:: Bit 

sy; then the equation to the first conchoid will be x^ x 
(b -f- x)* ^ 51^ a- X (i -h x)^ or -i- 2Ax* h- -h 

x^jf^ = -K -h and, changingonly the sign 

of X, as being negative in the other cur^v, the equation 
to the 2d conchoid will be x^ x (i — x)* xy x 
(b — x)’ or X* — 2bx^ -i-. -h xV = a^b^ — 2a*Ax -i- 
oV. 

Of the whole concboid> expressed by these two equa¬ 
tions, or rather one equation only, with different signs, 
there are three cases or species; as drst; 
when BC is less than dp, the conchoid will be as in fig, t; 
when DC is equal to bp, the conchoid will be as in fig, 2; 
and when bc is greater than bp, the conchoid will be as 
in fig, 3, 

Newton approves of the use of the conchoid for trisect¬ 
ing angles, or finding two mean proportionals, or for con¬ 
structing other solid problems. Thus, in the Linear Con¬ 
struction of equations, towards the end of his Univcml 
Arithmetic, he says, The ancieots at first endeavoured 
in vain at the triscction of an angle, and the finding of 
two mean proportionals by a right line and a circle. Af¬ 
terwards they began to consider several other lines, as the 
conchoid, the cissoid, and the conic sections, and by some 
of these to solve these problems.^ Again, ** Either there¬ 
fore the trochoid is not to bc admitted at a!) into geo* 
metry, or else, In the construction of problems, it is to be 
preferred ttfall lines of a more difficult description: and 
there is the same reason for other curves; for which rea¬ 
son we approve of the trisections of an angle by a con¬ 
choid, which Archimedes in his Lemmas, and Pappus in 
bis Colkctions, have preferred to the inveotions of all 
others in this case; because we ought either to exclude 


all lines, besides the circle and right lino, out of geometry, 
or admit iheni according to the &im|dicily of iheir (iesenp* 
lions, ill which ease the conchoid yields to none, excrpt 
the circle/' Lastly, I hat is arithmetically ipure siin> 
pie >vbich is (Ictcrininod by the more simple equations, 
but that is geometrically more simple which is delcrminf.l 
by the more simple drawing of lines: and in geometry, 
tliat ought to be reckoned best which is gcnmcirically 
most simple: wherefore I ought not to be llamcH, if, witli 
that prince of inathcmaiicians, Archimedes, aiul otlier an¬ 
cients, 1 make use of the conchoid for the construction of 
solid problems.” 

CONCHKTls Numbers are those that are applied toex- 
press or denote any particular subject; as 3 men, 2 pounds, 
6:c. Whereas, if nothing be connected with a number, 
it is taken abstractedly or universally: thus, + signitii-s 
only an aggregate of 4 units, without any regard lo a par¬ 
ticular subject, whether men or pounds, or any thing else. 

CONCUURING, or Conghuext Fibres, in Geo¬ 
metry, are shell as, being laid upon one another, do ex¬ 
actly correspond to, and cover one another, and conse¬ 
quently must be equal among themselves. Thus, trian¬ 
gles having two sides and the contained angle equal, each 
toeach,arc congruent or equal to each other in all respects. 

CONDAMINE (Ciiaulus Maiiic de la)^ a French 
mathematician, and chevalier of the order of St. Lazare. 
He was born at Paris in 1701 ; and began bis career in 
the military service; but, soon yielding to his inclination 
for natural curiosities, he travelled over the Ernst. After¬ 
wards, in 1735, 173(>, &c, he was employed, along with 
M. Godin, Boiigucr, and other mathematicians, to mea¬ 
sure the meridian in Peru, near Quito; from which he re¬ 
turned by the river Amazon, through vast dangers and 
diHiculties, as may be seen in the account he published 
of the voyage, which was not finished under the course of 
ten years. After in some degree recovering his health he 
travelled through Italy and England, See, and died in 1774. 
Condaminc was admitted into the Academy of Scicncca 
in 1730, the French Academy in 176o, and was also a 
member of several foreign academics. The published works 
of Condamine arc, 

1. Voyage dans 1'Amcrique Jlleridionale, 1745, 8vo. 

2. Figure dc ia Terre, 1^9, in 4to. 

3. Voyage a I’Equateur, avec Ic Supplement, ct I’Hi- 
stoirc des Piramides de Quito, 1751 and 1752, 2 voU.4to. 

4. Three Memoirs on Inoculation, and Letters on the 
same subject. 

Besides numerous scientific articles in most of the vo¬ 
lumes of Memoirs of the Academy of Science, from the 
year 1731 to 1768 inclusively. 

CONDENSATION, is the compressing or reducing a 
body into a less bulk or space; by which means it is ren¬ 
dered more dense and compact. Compression and Con- 
densnliap (though sometimes used the one for the other) 
differ io'this; viz, that, the former denotes a diminution 
of bulk occasioned by the application of external force; 
whereas, the latter expresses the same effect when pro¬ 
duced without that external application, as is the. case 
with most bodies in cooling. But the word Condensation 
has been more commonly used for denoting the conver¬ 
sion of vapour into water, or of vapours in general into 
liquids. 

Notwithstanding this definition, it is to be remarked, 
that in every ease of condensation, or of the contraction of 
a bbdy into a narrower space, the effect is produced by"" 
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\i\K f»f ; uud in bocliis wliicb appear lo 

iIr' simplest iji nature, il>e contraction which tlicy un* 
dergu in < is <icrasi«ne<l by the escape of the ca¬ 

loric, uinch I lie (jrcs4nl sUilc of philosopliical knowledge 
Teck<uj^ among the elementary substantes. Uut the re* 
verse of thi^ is r>ol always true; viz, bodies are not always 
contracted in tlieir dimensions wlien tlie caloric escapes 
trom them ; and such hns been found to be tlu* case with 
water, with iron, and with some oilier substances i« cer¬ 
tain temperatures. 

It is however evident that condensation in general con¬ 
sists in bringing the parts closer to each other, ami iricrea- • 
sing their contact, whatever may be their form or stale of 
previous o^istence, or the means by which it is effected : 
in opposition to rarcTHCtion, which renders the body lighter 
and looser, by setting the parts farther asunder, and di¬ 
minishing theircontact, and of consequence their cohesioni 
Air condenses, either by cold, or by pri'ssurc, but much 
more by the latter; and most of all by chemical process. 
Water condenses also under the same circumstances of ac¬ 
tion ; but it suddenly expands by congelation: indeed al¬ 
most all matter, both solids and fluids, has (he same pro¬ 
perty of condensation by those means. See Compues- 
sioK. So also vapour iscondcmcd,orconvcrted into water, 
by distillation, or iinturally in the clouds. I'he way in 
which vapour commonly condenses, is by the escape of the 
caloric. On touching it, the vapour parts with this heat: 
and on doing so, it immediately loses the proper charac¬ 
teristics of vapour, and becomes water. Rut though this 
be the most common and usual way in which vapour in 
general is condensed, yet nature certainly proceeds after 
another manner; since wc often observe the vapours most 
plentifully condensed when the weather is really warmer 
than at other times.—Most bodies are susceptible of three 
successive states of existence; namely, the solid, the li¬ 
quid, and the clastic or vaporous; and all these arc ef¬ 
fected by the introduction of caloric. During every one 
of those states, a difliTcnt degree of condensation is pro¬ 
duced by ihc intermediate gradations of tempemiurc, viz, 
such as are not quite suflicjcnt to induce A diflerent state 
of existence in the body concerned. Thus, a quantity of 
the vapour of water, which al the temperature of 242® 
(Fahrenheit’s thermometer), and under the mean gravity 
of the atmosphere, occupies the space of 9600 cubic 
inches; if it be gradually cooled until the temperature 
becomes equal to about 212®, its bulk will be contracted 
so as to occupy the half of the space it did before, viz, 
about 1600 cubic inches. If the temperature be lowered 
betowS12®, the vapour will be condensed into liquid watery 
which will occupy the space of not more than a single cu¬ 
bic inch. If the cooling be continued, the water will be 
contracted in its bulk, but not very regularly (that is, the 
decrements of bulk will not be exactly proportional to the 
decrements of heat) until the temperature descends to a- 
bout 42®. Below that degree the water, instcad^of con¬ 
tracting its bulk, is expanded by further cooling; viz, by 
a further abstraction of c&Ioric. This is a very remark¬ 
able property of water, on which some interesting pheno¬ 
mena of nature arc depending. The water, though ex¬ 
panding below the temperature of 42®, still continues fluid, 
as far os about the temperature of 32®; but below this 
last-mentioned point, by further cooling it becomes a solid, 
namely, ice; and in this form water occupies a greater 
space than it did in a liquid state* 

Since the enlargement of (he bulk of water commences 


at ab<>ul the temperature of 42", which n Ion degrees Above 
the point of melting ice, commonly called the freezing 
point, which is 92", u evident that the particles of wat<T 
begin to arrange tliein>elvcs in a particular order long be¬ 
fore the frvvzmi takes place. And, by following the ana- 
l^n)i may be supposed (hat )n every state of existence, 
tlie particles of bodies have, more or less, a tendency lo 
arrange iheinstlves in a cerium order; to which teudvney 
the irregularities in the condensations of bodies arc pro¬ 
bably to be Htinbuted 

CONDKNSER, a pneumatic engine, or syringe, by 
which an extraordinary quantity of air mu) be forced into 
a given space; so that frequently ten atmospheres or Ion 
times as much air as the space naturally contains, without 
the engine, may be thrown in by means of it, and its egress 
prevented by valves properly disposed. 

The condenser is made either of metal or glass, and 
either in a cylindrical or globular form, into which the air 
llirown with an injecting syringe. The receiver, or vi*s- 
sel containing the condensed air, should be made very 
strong, to bear the force of the air's elasticity thus in¬ 
creased; for which reason it is commonly made of brass; 
When glass is used, it will nut bear so great a condensa¬ 
tion of air; but then the experiment will be more enter* 
mining, as the effect may bo viewed of the condensed air 
upon any subject put therein. 

CONDITION, Equations q/*, in the Integral Cal¬ 
culus, arc certain equations of this form, -r = useful in 

y X 

ascertaining whctluT aproposcii fluxiun will admit of finite 
itiitfgration, or a finite fluent. This method was given by 
M. Claimui, in the Memoirs of the Academy of Sciences 
for the year 1740, and may be oNplaincd in this loanncr. 
When a given fluxiunal equation is very conxplex, it is 
often diflicult to determine whether it be iutrgrahle or not; 
the object of this method is then to ascertain that point. 
In order In which, Clairaut demonstrates, that if there bo 
a fluxional equation of the first order, expressed gcnemlly 
by these two terms ax ■+. ijy, where a denotes all the 
terms or quantities that multiply ^ ^bat 

multiply ji, being fluxions of x and y; and if in such 
equation, there be taken the fluxion of a, making y only 
variable; next in like manner the fluxion of b, making x 
only variable ; then if that fluxion of a when divided by 
y, give the same result os the fluxion of b when divided 
by X, the proposed equation will be integrated. Suppose, 
for instance, the general proposed quantity he its 

fluxion is -t-any'-'x";;. Here then a is 

and b is any-'x". Now, by taking the 
fluxions of these two quantities agmn, making only y vari¬ 
able in A, and x only in b, striking out y in the iormer, 
and X from the latter, there resu^s the same quantity 
omnx—'y*’'. This rule is expressed more briefly by 
these kinds of symbols: if the fluxion of a* ^ be inte- 

grablc, then must -r s *, that is, the fluxion of a, making 

only y variable, and dividing byji, will be equal to the 
fluxion of B, making only x variable, and dividing by x, 
Clairaut shows, in like manner, that in a fluxional ex¬ 
pression from three variables, x,y, thuf expeetsed, 
^ ^ ci, in order that it may be integrable, these. 

three following equations must be true, ^ — ^ "J” x* 

. . 

and whence it is sufficiently suggested that if there 
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be a fluxional expression from four variables, i( must be 
satisficil by six such equations, viz, as many as are the 
combinations of tilings by 2 at a time; and so on for 
more complex cases. And this is what is meant by Equa¬ 
tions of Condition. 

For example, suppose tlic Iluxioiial c.vpression A*y''y h- 


Qj 


ay^x be proposed, winch is sulFiciently 

complex not to be easily judged wbelbcr it be into«rable 
or not.' Hero, taking all the terms that multiplythey 

give v/y ^ ^ terms that multiply y give 

TJion taking the fluxion of a, making 




c^x = n. 


onlyy variable, and suppressing^, -again, 

taking the fluxion of b, niaking only x variable, and 
dividing by gives also the same as the for- 

mer; that is, -r = and consequently the proposed ex- 
pressionJ$ quadrablc. 

Hence the integration is easy and evident, for it is only 
to integrate either a* making y constant, or hy making x; 

that is either xy/y — ^or -both of which 

-V y 

give, by their integration, the same quantity xy/y —/jy 
^Xy which is therefore the fluent of the proposed fluxion 

CONDOUCET (Joiin-Antiiovy Nicholas de Ca- 
ftrXAT, UTaryuU of), member of the Iti-.litulc of Bologna, 
of the Academics ofTurin, Berlin, Stockholm, Upsal, Phi¬ 
ladelphia, Peteniburg, Paduu, &c, and secretary to the 
Academy of Sciences at Paris, was born at Uibemont in 
Picardie, the 17th of September 17-11. His early attach- 
tnent to tlic sciences, and progress in them, soon rendered 
him a conspicuous character in the cominonwealth of let- 
lers. He was received as a member of the Academy of 
Sciences at 2.5 years of age, namely, in iMarch 176.9, as 
Adjunct-Mechanician jaftiTwards, he became Associate 
in 1770, Adjunci-Secrcrery in 1773, atid sole Secretary 
soon after, which he enjoyed till his death, or till the dis¬ 
solution of the Academy by the Convention. 

Condorcet soon became an author, and that in the most 
subltQic branches of mathematics. lie published his Es- 
sais d’Analysc in several parts; the first part in 176.5, at 
28 years of age ; the second, in I767 ; and the thirtl, in 
1768. Tlii'He works arc chiefly on the Integral Calculus, 
or the finding of Fluents, and make one volume 4to. 

, He published the Elogcs of the Academicians or mem¬ 
bers of the Academy of Sciences, from the year I6C6’ lilt 
1700, in several volumes. He wrote also similar Eloges 
of the Academicians who died during the lime that he dis¬ 
charged the important office of Secretary to tlic Academy; 
as well as the very useful hisiorjcs of the difleicnl branches 
of science commonly prefixed to ilie volumes of Memoirs, 
till the volume for the year 1783, when it is to be la¬ 
mented that sn useful a part of the plan of the Academy 
was discontinued. 

liis other mcmoiri containe<l in the volumes of the Aca¬ 
demy, arc the following. 

1. Traci on the Integral Calculus; 1765. 

2. On the problem of Tli^ Bodies; 1767. 

3. Observations on the Integral Calculus; 1767. 

4. On the Nature of Infinite Series; on the £.\tent (J 


the Solutions which they give; and on a new meth< <1 < i Ap¬ 
proximation for Dilfcroniial Ecjuationsofall Ovdcis; I7i>') 
5. On Equations for Finite DilTercnccs; 1770 . 

G. On Equations for Partial Diifcn-nccs ; 1770. 

7 . On Differential Equations; 1770. 

8 . Additions to the foregoing 'Friicis ; 1770. 

9. On the Determination of Arbitrary Functions which 

cntcrlhcIntcgraUofEquationsto Partial Diff rcnces; 177 J. 

10. Reflexions on the Methods of Appro.ximaiion hi¬ 
therto known for Difterential Equations; 1771. 

. II. Theorem couct-rning Quadratures ; 17^1. 

12. Inquiry concerning the Integral Calculus; 1772. 

13. Calculation of Probabilities, part 1 and 2 ; 1781 . 

14. Continuation of the same, part 3 ; 1782. 

15. Ditto, part 4; 1783. 

J6. Ditto, part 5; 1784. 

Condorcet had the ch.aractcr of being a very worthy 
honest man, and a respectable author, though pc-ihaps not 
a first-rate one, and produced an c.Ncellcnl set of Elooes 
of the deceased Academicians, during the lime of his se¬ 
cretaryship. A late French political writer has obser\ed 
of him, that he laboured to succeed to the literary throne 
of d’Alembert, but that be cannot be ranked among illus¬ 
trious authors ; that his works have neither animation nor 
depth, and that his style is dull and dry; that some bold 
attacks on religion and declamations against despotism 
have chiefly given a degree, of fame to his writings. 

On the breaking out of the troubles in France, our au¬ 
thor took a decided part on the side of the people, and 
steadily maintained the cause he ha<l espoused amid all 
the shucks and intrigues of contending parties; till, under 
the tyranny of Robespierre, he was driven from the con¬ 
vention, b<^ii>g one of those members proscribed on the 
31st of May 1793, and he died March 28, 1794. The 
maimer of his death is thus described by the public prints 
of that time. Ho was obliged to conceal himself with the 
greatest care for the ptitpose of avoiding ihe fate of Bris- 
sol and the other deputies who were executed. He did 
not however attempt to quit Paris, but concealed himself 
in the house of a female, who, though she knew him only 
by name, did not hesitate to risk her own life for the pur¬ 
pose of preserving that of Condorcet. In her house he 
remained till the month of March 1/94, when it was ru¬ 
moured that a domiciliary visit was to be made, which 
obliged him to leave Paris. Though he had neither pass¬ 
port nor civic card, he escaped through the barrier, and 
arrived at the plain of Mont Rouge, where he expected to 
find an asylum in tbc coimiry-housc of an intimate friend. 
Unfortunately ibis friend had set out for Paris, where bo 
was to remain for three days.—During all this period, 
Condorcet wandered about the fields and in the woods, 
not daring to enter an inn on account of not having a 
civic card. Half dead with hunger, fatigue, and fear, and 
scarcely able to walk on account of a wound in his foot, 
he passed the night under a tree. 

At length his friend returned, and received him with 
great cordiality; but a.s it was deemed imprudent that he 
should enter the house in the day-time, be returned to the 
woods till night. In this short interval between morning 
and night his caution forsook him, and he went to an inn 
at Clamare, where he ordered an omlcite. Hi$ torn 
■clothes, his dirty cap, bis meagre and pale countenance 
and the greediness with which he devoured the omlctte* 
fixed the attention of the persons in the inn, among whom 
was a member of the revolutionary committee of Cla- 
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man. 'I his man conct-iving him to be CotiHorcct, >'ho 
hiid cffccU'd Jiis escape from the IJicetrc, asked him whi¬ 
ther he was goingr and whether Im had a passport. 'I he 
confused manner in which he replied to these rpicstions, 
induc<d the member to order him to be conveyed before 
the (oininittee, who, after an e.xainiimlion, sent him to 
tiu' district of Houry la Heine. He was there interrogated 
ji-ain; and the unsatisfactory answers which lie gave, de¬ 
termined the directors of the district to send him to pri¬ 
son on ilie'ucceeding ilay.—During the night he wa-s con¬ 
fined in a kimt of dungeon. On the next morning, when 
his keeper entered with some bread and water for him, he 
foumi him stretched on the ground without any signs 
of life. 

On iii'pecting the body, the immediate cause of his 
death could not be discovered, but it w;is conjectured thnt 
he had poisoned himself. Condorccl indeed always car¬ 
ried a (lose of poison in his pocket; and he said io the 
friend who was to have received him into his house, that 
he had been often tempted to make use of it, but that the 
idea of a svife and daughter, whom he loved lendcrly, re- 
strainctl him. During the lime that he was concealed at 
Paris, he wrote a history «>f the Progri-ss of the Human 
Wind, in two volumes. 

CONDUCTOR, in F.lcctricity, a term first introduced 
in this science by Dr. Desagulicrs, and used to denote 
those substances which arc capable of receiving and trans¬ 
mitting electricity ; in opposition to electrics, in which 
the matter or virtue of electricity may be excited and ac¬ 
cumulated, or retained. The former arc also called non- 
clcctrics, and the latter non-conductors. And all bodies 
are ranked under one or other of these two classes, though 
none of them arc perfect electrics, nor perfect conductors, 
so as wholly to retain, or freely and without resistance to 
transmit tlie electric fiuid. 

To the class of conductors, belong all metals and semi- 
metals, ores, and all fluids (except air and oils), together 
with the substances containing them, the cflluvia of fla¬ 
ming bodies, icc (unless very hard frozen), and snow, most 
saline and stony substances, charcoals, of which the best 
arc those that have been exposed to the greatest heat, 
smoke, and the vapour of hot water. * 

It seems probable that the electric fluid passes through 
the substance, and not merely over the surfaces of metal¬ 
lic conductors; because,^ if a wire of any kind of metal 
be covered with some electric substance, ns resin, sealing- 
wax, ^&c, and ajar be discharged through it, the charge 
will be conducted quite as ^ without (be clcctiic 
coating. 

Some philosophers have even alleged, that electricity 
will pervade a vacuum, and be transmitted through it al¬ 
most as freely as through the substance of the best con¬ 
ductor : but Mr. Walsh found, that the electric spark or 
shock would no more pass through u perfect vacuum, than 
through a piece of solid glass. In other instances how¬ 
ever, when the vacuum has been made with all possible 
care, tbc experiment has not succeeded. 

It may also be observed, that many of the forementioned- 
substanccs arc capable of being electrified, and that their 
conducting power may be destroyed and recovered by dif¬ 
ferent processes: for example, green wood is a conduc¬ 
tor; bpt baked, it beromes a non-cpnductor; again its 
conducting power is restored by charring it; and lastly it 
is destroyed by reducing this to ashes. 

Again, many electric substances,as glass, resin, airi&c, 


become conductors by being made vc ry hot: however, air 
hfsitcd by glass must be excepted. 

See, cm this subject, Priestley’s Hist, of Electricity, 
vol. 1 ; ITiiiiklin’s Letters &c, pa. y6 and 262, edit. 176y; 
CiLvallt/b Complete Treat, of Elcctr. chap. 2; Henley's 
ExpiT. and Obser. in Electr. also Philos. Trans, vol. 07, 
p. 122; and elsewhere in the dilVerent volumes of the 
'1 raiisactions. 

Piinie CoNDUCTon, is pn insulated conductor, so con¬ 
nected w ith the electrical machine, as to receive Iheelec- 
li'icily immeclialcly from the c.vcited electric. Mr. Grey 
fu't employed metallic conductors in this way, in 1734; 
and these were several pieces of metal suspended on silken 
strings, which lie charged with cicctiicity. M. DuFay 
fastened to the end of an iron b.ar, whichheu^edashisprime 
conductor, a bundle of linen threads, to which heap- 
plied the c.scitc d lube; but these were afterwards changed 
for small wires suspended from a common gun-barrel, or 
other metallic rod. 


In the pri-scnt advanced state of the science, this part' 
of the electrical apparatus has been considerably im¬ 
proved. I he prime conductor is made of hollow brass, 
and usually of a cylindrical form. Care should be taken, 
that it be perfectly smooth and round, without points and 
sharp c<lgi*s. The ends of the coiulucior arc spherical; 
and it is necessary, that the part most remote from the 
electric should be made round and much larger than the 
rest, the better to prfcvcnt the electric matter from escaping, 
which it always endeavours most to do at the greatest di¬ 
stance from the electric : and the other end also should 
be furnished with several pointed wires or needles, either 
suspended from, or fixed to an open metallic ring, and 
pointing to the globe, or cylinder, or plate, to collect 
the cleptricity. It is Wst supported by pillars of solid 
glass, covered with scaling-wux or good varnish. Prime 
conductors of a large size arc usually made of paste¬ 
board, covered with tin-foil or gill paper; these being use¬ 
ful for throwing off a longer and denser spark than those 
of a smaller size: they should terminate in a smaller knob 
or obtuse edge, at which the sparks should be solicited. 
Mr. Nuirnc prepared a conductoiz6 feet in length, and 1 
fool in diameter, from which he drew electrical sparks at 
the distance of 16, 17, or 18 inches; and Dr. Van Ma- 
rum still far exceeded this, with n conductor of 8 inches 
diameter, and upwards of 20 feel long, formed ofdiffcrcnl 
pieces, and applied to the large electrical machine in Tcy- 
ler’s Museum at Hnerlero, the most powerful machine of 
the kind ever yet constructed. Dutthe size of the con¬ 
ductor is always limited by that of the electric, there be¬ 
ing a maximum which the size of the former should not 
exceed; for it may be so large, that the dissipation of the 
electricity from its surface may be greater than that which 
-the electric is capable of supplying. 

Dr. Priestley recommends a prime conductor of polish¬ 
ed copper, in the form of a pear, supported by a pillar and 
a firm basis of baked wood; this receives its fire by a long 
arched wire of soft bras-s, which may be easily bent, and 
raised or lowered to the globe: it is terminated by an open 
ring, in which some sharp-pointed wires arc suspend^. In 
the body of this conductor are holes for the insertion of 
metalline rods.' This, he observes, collects the fire per¬ 
fectly well, and retains it equally every whore. See Phi- 
losoph. Transact. Vol. 64, art. 7 ; and Hist. Elect, vol. 2, 
§ 2 . . ■ . 

Mr.Henlcyhas contrived a new kind of prime condue- 
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tor, wliicli, from its use, is calleil the* himinous conductor. 
Jl consists of a glass tobf IS inclics long, nnd 2 inches 
(liatiKicr. 'I Ik- tube is furtiislicii at both ends with brass 
caps and terruUs about 2 inches lone, cemented and madt 
air-tight, and ternjinated by bniss lulls. In one of these 
cups IS drdled a small iiolc, uliicli is c<)Vfre<l bv a strong 
'alve, and serves for exhausting the tube of its air. Within 
tiie lube at each end there is a knobbed wire, projecting to 
the distance of 2 inches and a half from the brass caiis. 
lo one of the balls is annexed u line-pointed wire lor re¬ 
ceiving and colleciing the eleclricii), and to the other a 
wire with a knob or ball for dischaigitv' it. '|‘1jc conduc¬ 
tor, thus pieparcd, is supported on pillars of scaling*wa.\ 
or glass. Upsides the common purposes of a prim^con- 
ductor lo an c)(ctricul machine, this apparatus serves to 
exhibit and ascertain the direction of tlie electric matter 
in its pas.sage through it. See a figure of this conductor 
111 the I’iiilos. Trans, with a description of experiments, 
vS:c, nith it, vol. 64. pa.403. 

Conductors o/LigAmin^, arc pointed metallic rods, 
fixed to the upper parts of buildings, to secure them from 
strokes of lightning. These were invented and proposed 

} **•'* purpose, soon after the identity 

of electricity and lightning was ascertained ; and they ex*, 
lubil a very important and Useful.application of modern 
discovi rles in tliis science. This ingenious philosopher, 
having found that pointed bodies are bi tter fitted for re¬ 
ceiving and throwing off the electric fire, than such as are 
terminated by blunt ends or flat surfaces, and that metals 
are the readiest and best conductors, soon discovered that 
lightning and electricity resembl' d rach other in this and 
other distinguixlmig propi rtii-s : he ilH-reforc n commnided 
a poiiiied melRlline rod, to be mised some feet above the 
highest part of a building, and to be continued down into 
the ground, or the neatest wiiler. 'I'lie lightning, should 
It ever come wilhm a certain distance of this rod or wire 
would be attracted by it, and pass through it, preferably 
to any other part of the building, and be conveyed into 
the t*artli or water, and there dissipated, without doing 
any damage to the building. Many facts have occurred 
to evince the utility of tliis simple and appareiulv trifling 
apparatus. And yet some electricians, of whom ’Mr. WiU 
son was the chief, have objected to the pointed termina¬ 
tion of this conductor; preferring rothor a blunt end: 
because, they pretend, a point invites the electricity from 
the clouds, and attracts it at a greater distance than a 
blunt conductor. Philos. Trans, vol. 54, pa. 234; vol. 6’S, 
pa. 49; and vol. 68, pa. 232. 

This subject has indeed been very accurately examined 
and discussed; and pointed conductors are almost uni¬ 
versally, and for the best reasons, recommended as the 
most proper and eligible. A sharp-pointed conductor, as 
It attracu the electric matter of a cloud at a greater di¬ 
stance than the other, draws it off gradually : and by con¬ 
veying It away gently, and in a continued stream, preverls 
an accumulation and u stroke; whereas a conductor with 
a blunt termination n-celvcs the whole discharge of a cloud 
at once, and IS much more likely to be exploded, when- 

distance. To this 
‘dded expenence; for buildings guarded by cither 
I av/> artificial conductors terminating in a point, 
h lightning; but others, 

Ld dfm^cd'by “ft®" 

^ The best conductor for ibis purpose, is a rod of iron. 


or rather of copper, «s being a bitter conductor >■( <bc- 
tricity, Hml less liable to rust, about 3 cjiiaiter' of an ,uO\ 
thick, which is either to be fa-tcned to the walb < i a 
building by wooden cramps, or supported by wooden 
posts, at the distance of a fool or two from the wall • 
though less may do: its upper end should terminate in n 
pyramidal form, with a sharp point and edg.-s ; and, whin 
made ot iron, gilt or painted near the top, or else pointed 
«ith copper; and be elevated 5 or 6 feet above the highi-t 
part ol ihc building, or chimneys, to winch it may be 
liistencd. The lower end should be driicn 5 or 6 feet into 
the ground, and directed from the f.^undations of the 
building, or continued till it communicates with the neart‘>t 
water; and if this part be made of leail, it will be less apt 
to decay. When the conductor is formed of diffironi 
pictt-s ot metal, care should be taken that they are well 
joined; and it is farther ixcommcnded, that n communi¬ 
cation be niaile from the conductor by plates of lead 8 or 
10 inches broad, with the lead on the ridgi-sand .mtters 
and with the pipes that carry down the rain, which'should* 
be continued to the bottom of the building, and be made 
to communicate cither with water or moist earth, or with 
the mam pipe which supplies the house with water If 
the building be large, two, three, or more conductors 
should be applied to diftercnl parts of it, in proporiiou to 
Its extent. Philos. Iraiis. vol. 64, pa. 403. 

Cliains have been used as conductors for prescrvinn 
ships; but as the electric matter docs not pass readily 
thniugh the links composing them, cupper wiies, a littlu 
thicker than a goose-qiiill, have been prefern-d, and arc 
now generally usi-d. They should reach 2 or 3 feel above 
llic highest mast, and be continued down in any conve¬ 
nient dinction, so as always to touch the sea water Phi 
lus.Tranb.yol. 52, pa. 633. Sec also Franklin’s U tters &c’ 
1/09, pa. 65, 124,479,^c; and Cavallo’s FJectr. ch 9 ’ 
for the ConutnfcUvn nnd management of Efectriatl 
Ai/«, and Conduclois or Machines for drawing electricity 
from the clouds, sec Priestley’s Hist, of Elecir vol •» 
pa. 103, edit. 1775. ' 

CONE, u kind of round py ramid, or a solid body hav¬ 
ing a circle for its base, and its sides formed by right lines 
drawn from the circunift-reiicc of Ihc base to a point at 
top, being the vcrie.x or apex of tbe cone. 

Euclid defines a conelo be a solid figure, whose base is 
a circle, und is produced by the entire revolution of a 
riglil-angkyl triangle about its pei-pendicular l.-e, called 
the axis of the cone. If this leg, or axis be ffreniA.. .k.. 
the base of tbe triangle, or radius of thc'circular bast o" 
the cone, then the cone is acutc-angUd, that is, the ansle 
at us vertex IS an acute angle; but If the axis be less thin 
the radius of tiic Use, it is an obrusc-aiigled cone - and 
if they be equal, it is a right-angled cone. * 

Hut Euclid’s definition only ex¬ 
tends to b right cone, that is, to a cone 
whose axis is perpendicular or at 
right-angles to its base; and not to 
oblique ones, in which the axis is in¬ 
clined to the same, the general defi¬ 
nition, or description of which may 
be this: If a line va continually 
pass through the point v, turning on 
that point as a joint, and tbe lower 
pan of it be carried round tbe cir- 
cumfercnce abc of a circle; then 
the space inclosed between that circle 
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ni.il ihc (lUJh of the line, is a cone. The circle ABC is 
ihc base of llic cone; v is its vertex; and the line vd, 
Irom the vertex to the centre of the base, is the axis of 
the cone. Also tlic other part of tho revolving line, pro- 
tluctd above v, will describe another cone yacb, called 
the opposite cone, and having the same common axis 
produced Dvrf, and vertex v. 

Pfopcrtics r/r/<c('oXF.. — l.The area or surface of every 
right cone, exclusive of its base, is equal to a triangle 
whose base is the periphery, and its height the slant side 
of the cone. Or, the curve superficies of a right cone, is 
to the area of its circular ba>e, as the slant side is to the 
radius of the base. And therefore, the same curve sur¬ 
face of the cone is equal to the sector of a circle whose 
radius is the slant side, and its arch equal to the circum¬ 
ference of tlic base of the cone. 

2. Every cone, whether right or oblique, is equal to 
oiic-lhird part of a cylinder of equal base and altitude; 
and tbcR'forc the solid content b found by multiplying 
Uic base by the altitude, and taking j of the product; 
and hence also nil cones of the same or equal base and 
altitude, are equal. 

3. Though the solidity of an oblique cone be obtained 
in the same manner as that of a right one, it is otberwise 
with regard to the surface, since this cannot be reduced to 
the measure of a sector of a circle, because all the lines 
drawn from the vertex to the base are not equal. Six; a 
ISfcmoir on this subject, by M. Euler, in the Nouv. Mem. 
dc Petersburg, vol. 1. l>r. Barrow has deraonslrated, in 
bis Lcctioncs Gcotpetricae, that the solidity of a couc 
with an elliptic base, forming pwt of a right cone, is equal 
to the product of iu surface by a third part of one of the 
perpendiculars drawn from the point in which the axis of 
the right cone intersects the ellipse; and that it is also 
equal to ^ of the height of the cone multiplied by the el¬ 
liptic base: consequently that the per|»ndicular is to the 
height of the cone, as the elliptic base is to the curve sur¬ 
face... For the curve surface of all the oblique parts of a 
cone, sec my Mensur. pa. 174, &c. 

4. To ^nd ike Curve Surface <if ike Frustum of a Cone. 
Multiply half the sum of the circumferences of the two 
ends, by the slant side, or distance between these circum¬ 
ferences. 

5. Fof ike Solidity qf ike Frustum qf a Cone, add into 
one sum the areas of tho two ends and the mean propor¬ 
tional between them, multiply that sum by the perpendi¬ 
cular height, and -j of the product will be the solidity. 
See. also my Mensuration, pa. 136, &c. 

6> The Centre of Gravity of a cone is ^ of the axis di¬ 
stant Crop) the vertex. • 

Cones qf the Higher Kinds, arc those whose bases are 
circles of the higher kinds; and arc generated, like tho 
common cone, by conceiving a liuc turning on a point or . 
vertex on high, and revolving round the circle of tho 
higher kind. 

Come of Rays, in Optics, includes all the several rays 
which fall from any point of a radiant object, on the sur¬ 
face of a glass. 

Double Cosz, or Spindle,.\a Mechanics, is asolid form¬ 
ed of two equal ennes Joined at their bases. If this be 
laid on tho lower part two rulcr<i making an angle with 
each other, and elevated in a certain .degree above the hor 
rizontal plane, the cones will roll up towards the superior 
ends, and appear to/s^flcnd, though in reality its.centre 
of gravity descends pWiiei«U<lul»rJy lower. 
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CONFIGUItATlON, the exu-rior surface or shape that 
bounds bodies and gives them tbeir particular figure. 
CONFUSED Kiiion. See VisiOM. 
congelation, or Fueezing, the act of 6xiiig 
the fluidity of any liquid, by cold, or the application ol 
cold bodies: in whicb it differs from coagulation, wbick 
is produced by other causes, bee FttEEziMG, Fhost, 
and Ice. 

CONGRUITV, in Gromelry, is applied to lines and 
figures, w hich exactly correspond when laid over each 
other; ns having the same terms, or bounds. It is as¬ 
sumed, as an axiom, that thoj.e things are equal and simir 
lar, between which there is a congruily. Euclid, and most 
geometricians after him, demonstrate great part of tbeir 
elements from the principle of congruity: thou^ Leib- 
niir and Wolfius substitute the notion of Similitude in¬ 
stead of that of congruity. 

CONIC Sections, arc tlie figures made by cutting i 
cone bf a plane. 

2. According to the difTerent positions of the cutting 
plane, there arise five dilVerent figures or sections, vjt, a 
Triangle, a Circle, an Ellipse, a Farabolo, and an Hyper¬ 
bola: the last three of which only are peculiarly called 
conic sections. 


3. If the cutting plane pass 
through the vertex of the cone, and 
any part of the base, the section will 
evidently be u Triangle j as vab. 



4. If the plane cut the cone pa¬ 
rallel to the base, or make no angle 
with it, the section will be a Circle, 
as ADD. 



5. The section dad is an Ellipse, 
when the cone is cut obliquely 
through both sides, or when the 
plane is inclined to the base in a less 
angle than the side of tho cone is. 


6. The section is a Parabola, when 
tho cone is cut by a plane parallel 
to the side, or when the cutting plane 
and the side of tho cone makocq^ual 
angles with the base. 


*•* 




7. The section is an Hyperbola, when the cul^ng.phjiw 

makes a greater angle with the base thsu, th® 
cone does. And if thp plane be conlinuqd.;o put the oP’ 
positc cone, this latter section is called t4* 
bola.to the former^ as dae. . 


. r 4 



’, * 

1 4 



' * II 




CO N 


[ 363 ] 


CON 


8. The \’crJirps of any «<'C(ion, are 
tlic points wlioro the cutting plane 
meets the opposite sides of the cone, 
nr the sides of the vertical triansnlar 
section; as a and n.— Hence, the el¬ 
lipse and the opposite hyperbolas 
have eacli two vertices; but the pa¬ 
rabola only one; unless we consider 
the other as at an infinite distance. 

9 . The Axis, or Transverse Dia¬ 
meter, of a conic section, is the line 
or dislan;.c an between the vertices. 
—Hence the axis of a parabola is in- 


linite in length. 
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10 . The Centre c, is the middle point of the axis.— 
Hciu-e the centre of u parabola is iofinitely dbtant from 
the vertex. And of an ellipse, the axis and centre lie 
within the curve; but of an hy|>erbola, without. 

11. A Diameter is any right line, as ab or de, drawn 
through the centre, and terminated on each side by the 
curve: and the extremities of the diameter, or its inter- 
sections with the curve, arc its Vertices.—Hence all the 
diameters of a parabola arc parallel to the axis, and infi¬ 
nite in length ; because drawn through the centre, a point 
at an infinite distance. And hence also every diameter of 
the ellipse and hyperbola has two vertices; but of the pa¬ 
rabola, only one; unless wc consider the other as at an in¬ 
finite distance. 

12. The Conjugate to aity diamerrr, is the line drawn 
through the centre, and parallel to the tangi-ntofthe curve 
at the vertex of rite rTiamctcr. So to, parallel to the tan* 
gent at D, IS the conjugate to lie; and ni, parallel ta the 
tangent at a, is the conjugate tff ab.— Hence the conju¬ 
gate II 1 , of the axis AB, is perpendicular to the same; bht 
the conjugates of oilier diamciers arc oblique* to them. 

13. An Ordinate to any diameter, is a Hue parallel to 
ns corijbgale, or to the tangent at its vertex, and temimatcd 
by iftc diameter and curve. So dk and el are ordinates 
to thfwls ab; and Mjt and ko ordhmics to thodiameter 
i)B—Hbnce the ordinatM of the axis arc also perpendi¬ 
cular to it; but of other diameters, the ordinates are ob¬ 
lique to them. 

14. An Absciss is any part of a diamdler, contained 
^•Ucenits vertex ami an ordinate to it; as ak or bx, and 
Df'R Or HouCvi irt tbc clTrp$c and hyperbola, every 
urdinatc has two abicisses;' but m the parabola, only one; 
the other vertex of the diameter facing infinitely distant, 

15. The Paremetcr of any diameter, is a third propor¬ 
tional to thEtdiamiwr amt its conjugate, in the elHpBc and 
hy^rbola, or to any absciss and its ordinate iu the para- 

16. The Focus is the point in the axis^herc the ordi- 
natc IS equal w ftalf tWeparametef; as rand i, where dk 

t '* ®i“t f® «®™'I»«nwt5jH-H*nce, the ollipie 
and hyperbola, have eaci^ two foai.> but the patabuia only 


one.—The foci, or burning points, were so called, hccau'-e 
all rays are united or reflected into one of them, which pru- 
C 9 ed from theotlier focus, and .are reflected from tlu cur\i'. 
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1/. If i>AE, PBo, be two opposite liy])crbolas,*haviiig 
AB for their first or transverse axis, and at for ibeir second 
or conjugate axis; and if due,be two oilier opposite- 
hyperbolas, having the same axes, but in the contrary or¬ 
der, Hsf,a5tbeirfirelaxis,8iidABthcirsecond; then thou 
two latter curves dwr,/bg. are called the Conjugate Hy- 
perbolas to the former two, dae, fbo; and each pair of 
opposite curves mutually conjugate to the other, 

18. And if tangents be drawn to the four vertices of the 
curves, or extremities of the axis, forming the irtscribed 
rectangle hik t ; the diagonals iiCK and ICL, of this rect¬ 
angle, are called the Asymptotes of the curves. 

19- Scholium. The rectangle inscribed between the 
four Conjugate hyperbolas, is similar to a rectangle circum¬ 
scribed about an ellipse, by drawing tangents, in liHc man¬ 
ner, to the four extremities of the two axes; also the 
asymptotes or diagonals in the hyperbola, are analogous 
to those ill the ellipse, catting this curve in similar points, 
and making the pair of equal conjugate diameters. More¬ 
over, the whole figure, formed by the four hyperbolas, is 
as it were, an ellipse turned inside out, cot open at the 
extremities d, b, r, c, of the said equal conjugate dia- 
invlers, and those four points drawn out to an infinite di¬ 
stance, the curvature bring turned the contrary way, bat 
the axes, and the rectangle passing through their extre- 
mitici, remaining fixed, or unaltered. 

Further it there be placed or conjoined four cones, in 
such a manner, as to have all their vertices meet in a com¬ 
mon point, also all their axes in the same plane, and theif 
aidut touching and coinciding through their whole length, 
in two lines crossing in the said common vertex point) 
then if these four conrs he alt cut by one plane, pardllel 
to the common plane of their four axes, the sectioir will 
exhibit » very beautiful appearance of four hyperbolic 
sections, of which each pair of op^site ones an* equals, 
and each pair has also tlie l•cscmblancc of what are bju- 
ally called the conjugates to the other pair; but arc not 
really so, except only when tho four cones are all, equal; 
in which case the four hyperbolic sections areall cqUoIdso! 

From the fort^ing definitions dre easily derived the fol¬ 
lowing genera! corollaries to the sections-. 

Ellipse. 


Hyperbola. Parabola. 
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‘20. Corul. 1. Ill Ok* lUipu', ihc $emicoiijiiiialc asis, 

( D> or ctf ib u iiKHii proporlional Ui^twrcn coanrl vB>tlic 
parl5 of ihc iliunu Ccr oi» ot a circular section of the cono, 
liru^in ilirougli ilu* centre c of the cllipiji% and parnlltd to 
the ba^o of tbc cone. For Of: is a <lnnble ordinate in this 
(uch% being perpendicular to or as m ell a$ toAB« 

* 21 . In like manner, in the hypcTbida. the length of the 
s\iniconjugate axis, CD nr cf., is a mean proportional U- 
Iw<cn Co and cv, <lra\vn pnnillil to the base*, ainl meeting 
the side^ of the cone in o and p. Or, if a o' be diawn pa¬ 
rallel to the side VB,and me<'t pc jiroduced in o', making 
C(/ ~ Co; ami on this diameter o'r a circle be drawn pa¬ 
rallel lo the base: then the seiniconjugatc ci> or CE will 
be an oniinatc of this circle, being perpendicular to o'p ns 
well as lo AB. 

« Or, in both figures, the whole conjugate axis on is a 
mean proportional between and bh, parallel to the 
base of the cone. See my Conic Sections, pa. 6. 

In the parnh'da, b<Hh the transverse and conjugate are 
in6nite; f^or ab and bh arc both iuiinite* 

22. Coral. 2. In all the sections, ACf will be equal to 
the pnrameti r of the axis, if go be drawn making the angle 
AQ(f equal ti> (lie angle bah* In like manner will be 
equal to the ^niiie parameter, if ittf be drawn to muLethc 
angle £k^ ^ ihe iiiiglc a hq« 

23. Carol. 3. Ilenrc the upper hyperbolic section, or 
section ot the opposite cuno, is equal und similar to the 
lower one. For the two sections buve (he same transverse 
or first axis ao, and (he same conjugate or second axis 
DH, which is the nican proportional between aq and bh; 
untl (hey have alsd equal parameter ac, a^. So that the 
two opposite sections make, as it were, but the two oppo¬ 
site ends of one entire section or hyperbola, the two bring 
every wliere mutually equal and similar. Like the two 
halves of an ellipse, with tlieir ends turned the contrary 
way. 

24« CoroU 4» And hence, though both the transverse 
and conjugate axis in the parabola be infinite, yet the for¬ 
mer is infinitely greater than the latter, or has an infinite 
ratio to it. For the transverse has the same ratio to the 
conjugate, as the conjugate has to the parameter, that is^ 
as an infinite to a finite quantity, which is an infinite ratio. 

The peculiar properties of each particular curve, will 
he best referred lo the particular words Ellipsk, IIypbr- 
BOtA, Parabola ; and therefore it will only be proper 
here to notice a few of the properties that are common to 
all tile conic sections. 

Some other General Properties. 

25; From the foregoing definitions, &c, it appean, that 
the conic sections arc in themselves a system of regular 
curves, naturally allied to each other; and that one is 
ch«ingcd into another perpetually, when it is either in¬ 
creased, or diminished, in infinitum. Thus, the curvature 
of a circle being ever so little increased or diminished, 
passes into an ellipse; and again, the centre of the ellipse 
going off infinitely, and the curvature being thereby dimi¬ 
nished, is changed into a parabola; and lastly, the curva¬ 
ture of a parabola being ever so little changed, there nriseth 
the first of the hyperbolas; the innumerable species of 
whic^wilt all of them arise orderly by a gradual diminu¬ 
tion df the curvature; till this quite vanishing, the last 
hyperpgU ends in a right line. Mence it is manifest, that 
l**^®^*^** curvature, like that of a circle, from the 
cticfeirsclftoa right line, is a conical curvature, and is 


distinniii&lie^l v^itb its picuUarnamc, according to thediven 
drgrfuh of that curvature. 

2(). 'I'liat all diameters in a circle and ellipse intersect 
one uouthi-r in tin- centre of the figure within the secliott; 
that m the parabola they are all parallel among them- 
selvo, anil lo the axis: but in (he li)pcrb.jla, they inter* 
sect one anolluT, without the figure,in the common centre 
of the opposite and conjugulc sections. 

27. In tlx' circle, the latus rectum, or parameter, is 
double the distance from tlic vertex to the focus, which is 
also the centre. But in ellipsi-s, the parameters arc in all 
proportions to that distance, between the double and qua* 
druplc, according to lh<ir different species. While, in the 
parabola, the panimeter is just ({uudruple that distance. 
Anti, lastly, in hypcrholas the parameters arc in all pro* 
portions beyond the quadruple, according to their various 
kinds. 

28 The first general property of the conic sections, 
u iili regard to the abscisses and ordinates of any diameter, 
is, that the rectangles of the iibscisses are to each other, 
as the squares of their corresponding ordinates. Or, which 
is the same thing, that the square of any diameter is to the 
square of its coiijiigate, as the rectangle of two abscisses 
oi that diameter, to tbe square of the ordinate which divides 
them. That is, in all the figures, 
the reel. AC.cn: rcct. ae . ed : : : ef* : 



But os in Ibc parqboln the infinites CB and eb are io a 
ratio of equality, for this curvethe same property becomes 
AC : AB:; cu'': rp*, that is, in the parabola, the abscisses 
arc us. the squares of their ordinates. , , 

Or, when one of the ordinates is the scmiconjugatcoU, 
dividing the diameter equally in the centre, the s'hmc gene¬ 
ral property becomes, 

AO . CD or AO* ; AC . CB : t Oil*. CD*, 
or AB*: III*:: ac . cb : cd*. 

29 . Hence is derived the equation of the curves of the 
conic sections; thus, pulling the diameter a B its con¬ 
jugate Ill =e, absciss ac=s j, and its ordinate cDs:jr; 
then is the other absciss CD = d — * in the ellipse, ord + * 
ip the hyperbola, or d in the parabola; and hence the last 
analogy above, becoma ri*: c*: :x(d ^ x) or dx ^ **'.y*> 
or d‘p = c\ds ^ X*) is the general equation for all tno 
conic sections; and, in particular it is • 

dy = e*(dx — X*) in the ellipse, 
dV =5 c*(dx -t* X*) in the hyperbola, and 




sssed thus: 




. 1 



y*s= ^(dx — X*) in the ellipse, 
j^=s^(dx*^ X*) in the hyperbola,.and 

= -rx or sspx Id the parabola, \vhere the paranioicr 


11.' 


d 

t» . •• • , . , .L... ; (i I 

p j= -j the third proportional b?,the, duster and..its 

copjogote, by-’tho de^oition ofit. ’ll <• i 

And from this one general proposiliou'alone, which u 
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easily derived from the sectiuii in the solid cone itself, to¬ 
gether with the di-hniiiuiis only, as laid down above, all 
the other properties of all the sections may easily be de¬ 
rived, without any further reference to the cone, and with¬ 
out mechanical descriptions of tlie curves in piano; as is 
rluiie Ml my Trealise on Conic Sections, for the use of the 
Royal Mil. Acad.; in which also all the similar proposi¬ 
tions in tlie ellipse and hyperbola are currii d on word for 
word in them both. 

'1 he more ijiicient mathematicians, before the time of 
Apollonius Pergmus, admilted only the right cone into 
their geometry, and they supposed the section of it to be 
made by a plane perpeinlicular to one ofits sides ; and ns 
the vortical angle of a right cone may be either right, 
acute, or obtuse, the same method of cutting these several 
cones, VIZ, by a plane perpeiidiciilar to one side, produced 
all the thrw conic sections. The parabola was called the 
• scclion of a right-angled cone; the ellipse, the section of 
liic acute-angled cone ; and the hyperbola, the section of 
the ubiusc-Hiigled cone. Uuf .Apollonius, who, on ac¬ 
count of his writings on this subject, obtained the appella¬ 
tion of iHa^nut Geometra, the Great Geuiiictrician, ob¬ 
served, that these three sections might be obtained in every 
Cone, both oblique iiikI right, and that they ilepended on 
the ditferent ineliimtious of the plane of the section to the 
cone itself Apollon. Con. Halley's edit. lib. 1 , p. 9 . , 
Instead of coiisideiing these curvts as sections cut from' 
the solid cone, which is the true genuine way of all the 
ancients, and of the most elegant writers among thcjno- 
derns, Descartes ami some others of the moderns have 
given arbitrary constructions of corves on a plane, front 
which constructions they have demonstrated the properties 
of these, and have afu-rwards proved Uiat some principal 
property of them belongs to such curves or sections as are 
cut from acme; and hence it is inferred by them that 
those curves, so described on a plane, are the same with 
the conic sections. 

The doctrine of the conic sections is of great use in 
1 physical and geometrical astronomy, as well as in the 
physico-roalhematical sciences. It has been much culth- 
vafed by both ancient and modem geometricians, who 
have left many good treatises on the subject. The most 
ancient of these is that of Apollonius Pergmus himself, 
containing 8 books, the first 4 of which liave often been 
published ; but Dr. Halley's edition baa all the cighh 
I’appui, in his Collect. Mathcm. lib. 7. informs us, that 
the first four of these were written by Euclid, though 
perfected by Apollonius, who added the other 4 to ibcrrf. 
Among the modern-s, the chief writers arc Mydorgius dc 
Scclionibus Conicis; Gregory St. Vincent’s Quadrature 
Circuit cl ScciioDum Coni; Lahirc dc Scctionibus.Co¬ 
nicis; Trevigar Elem. Section. Con.; De Witt’s Eleroenta 
Curvaruro; Dr. Wallis's Conic Sections; De I'Hospi¬ 
tal's Anal. Treat, of Conic Sections; Dr. Siroson’s Scc- 
tioii.CoQ.; Milne's Elementa Section. Gonicarum; Bos- 
covieb’s excellent treatise; Muller's Conic Section^; 
Steels Conic Sections; Emerson’s Conic Sections; Dr. 
Hamilton's elegant trealise; my own treatise, above chol; 
and my friend Dr. Abram Robertson of, Oxford bas also 
published a curious work on this su^ect, fontaining no? 
only a trcaiiscon the science, but a hfllory of the writings 
relating to it. Jk , 

CONICS, that part of thebigbergeo^try,or.gcometry 
of curvM, which considers the cone, a^^thcsgifcral curve 

lines arising from,t|ic scctiojtf/jfTu,/ 


CONJUGATE Axis, ovDianuier, in the Conic Sections, 
is (he axis, or a diameter parallel to a tangent to the 
curve at the vertex of another axis, or diameter, to which 
that is a cuiijugaCe. Indeed the two are mutually conju¬ 
gates to each other, and each is parallel to the tangent at 
the vertex of the other. 

Conjugate Hyperbolas, also called Hyper^ 

bo!ai, are such as have the same axes, but in the contrary 
order; the first or principal axis of the one being the 2 d 
axis of the other, and the 2 d axis the former, the 1 st 
axis ol the latter. Sec art. 17 of Conic Sections. 

CONJUNCTION, in Astronomy, is the meeting of the 
stars and planets in the same point or place in the heavens; 
and is either true or apparent. 

True Con j UNCTION is when the line drawn through the 
centres t<f the two stars passes also through the centre of 
the earth. And /Ipparail Conjunction is when that 
line does not pass through the earth’s centre, but having 
only the same apparent longitude. 

CONOID, is a figure resembliog a cone, except that 
the slant sides from the base to the verteit are not straight 
lines as in the cone, but curved. It is generated by tlie 
revolution of a conic section about its axis; and it is 
therefore threefold, answering to tlie three sections of the 
cone, viz, the FJtipiioit Conoid^ or spheroid, the Hyperbolic 
Conoid^ and the I’m-ubolic Conoid. 

.If a.conoid Ih* cut by a plane in any position, the see-! 
lien will be of the figure of some 0110 of the conic sections; 
and all parallel sections, of tlie same conoid, are like and 
rimilar figuris. When the section of the solid returns 
into itsc-If, it is an ellipse; which U always the case in the 
sections of the spheroid, exciqit when it is perpendicular 
to the axis; which position is also to be excepted in the 
pther solids, the section being always a circle in that po¬ 
sition. In'the parabolic conoid, the section js always an 
ellipse, except when it is parallel to the axis, when it is 
a parabola. And in the hyperbolic conojd, the section is an 
ellipse, when its axis makes with tho axis of the S 0 I 4 I, an 
angln greater than that madp by the said, axe ot*. t|;e solid 
and the asymptote of the generating iiyperbola; thcsectlon 
being an hyperbola in all other cases, but when tbosq 
angles are equal, in which case it.is a parabola. , 

But when the section is parallel to the fixed axis, it is 
pf the samc'ltod with, and similnrHo the generating plane 
itself; that is, the section parallel to the axis, in the sphe¬ 
roid, is an ellipse similar to the generating ellipse ; in the 
parabolic conoid, it is a parabola, similar to the generating 
one ; and in the bypcrbol'c conoid, it is an fiyperbola 
similar to (he g(.-t)crating one. 

The section through the axis, which is the generating 
plane, in tho spliproid ibc grBatcst of (h^ paraPel sec¬ 
tions, but in tho hyperboloid |t is the least; and in the pa- 

raboloid,those parallel sections are ^11 equal. . 

. 1 he analogy of the sections of the hyperboloid to tljose 
of the cone* arc very remarkable, ^1 t,h 9 .tbi 5 >q 
lions being formed by cutting Hn;hypcrl>p(oi,4 *1) ^®tOC 
positions us tbc cone, cut. , Thqf,.|p^ an. Ijypprtolq^fn^ 
Its: asymptote revolve together the jlraqsv^M ajtff. 

the. former describing qn hyperboloid*,apq,.til®,a 

.WDC circumscribing it^.tbeu,Id,it, be.s^ppoj^9t)i^^iwpy 

^.boih cut by pi>fl tW5.nVflilion;. 

two sections belike, similar,.pnd.9QUfcn^^lC flgu^M 
if the plane cut bo|h ,tbo,fjd^S s9Cnini^.yin 

bftconcentricand similarcjjifisps,; 
be parallel, to ih« a 4 ympiole,qr,\o,ihp Mi,lq 
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«i'clion« will Im’ pnralMilas; «\nd in all ollicf position*, tlie 
•ifction^ w»ll In- stinilar i»t<l concentric hjpcil)olns. 

An<l till-* rtnaloay of the sections will not appear strange, 
wlicn It i*. considered that a cone is a species of the hy 
perijoloid; or ii tTianj-lc a species of the hy|>erbola, the 
uses bcinsj inlifiitely small. See my Mensuration, prop. I, 
part 3. sod '*•, pa. ^01 ; or my Tracts, vol. 2, pa. 137. 

CONON {of Samos), u respectable iimtiiemaUciaTi 
am! philtwoplier, m Iio flourished .about the 130tholympiad, 
being a contemporary and friend of Archimedes, to whom 
Concur communicated his writings, and sent him some 
pn>blems, which Archimedes receivc-d with approbation, 
obserring lliey ooght to be published while Conon was 
living, for he comprehends lliein with case, and can give a 
proper demonstration of them. 

At another time lie laments the loss of Canon, thus ad¬ 
miring his genius: “How many theorems in geometry,” 
says he, “which at first seemed impossible,would in time 
have been brought to perfection! Alas! Conon, though 
he hiventcd many, with which he enriched geometry, had 
not time to perfect them, but left many in the dark, being 
prevented by death.” lie had an uncommon skill in ma¬ 
thematics, joined to an extraordinary patience and appli¬ 
cation. This is farther confirmed by u letter sent to Ar¬ 
chimedes by a friend of Conon's. “ Having heard of Co- 
non's i|cath, with whoso friendship 1 was honoured, and 
with whom you kept an intimate correspondenco; as he 
was thoroughly versed in geometry, I greatly lament the 
loss of ti sincere friend, and a person of sur(irising know¬ 
ledge in mathematics. I then determined lo send toydu; 
as I had before done to him, a theorem in geometry, hi¬ 
therto observed by no one.” 

Conon had some dispurds with Nicoteles, who wrota 
against him, and treated him with too much contempt. 
Apollonius confi-sses it; though hfe acknowledges that 
Conon was not fortunate in his demonstrations. 

. Our author invented af hind of tuIiHo, or fiplrai, dif» 
ftrent from that of Dinbstratus; but because ArchimedM 
explained' (he proper(h-s of if‘more dearly, th« name of 
the inventor was forgotten, arid it was hcnce* called Ar¬ 
chimedes's volute or spiral- r 

CONSECTARY, orCbroflnry, a eonsBljuuncc deduced 
from some foregoing principles. 

CONEQUEN’I', is *thc latt«-r of the r»W terms of a 
ratio; or (hut to which (he antecedent is rcfi'rred und com- 
aied. Thus, in the ratio a : 0, or a to h, the latter term 
TS the consequent, altd a is the antecedent. 1 

CONSISTENT Bodies, is a tenn (niieh used by Mr. 
Boyle, for sugh m are usually ciUed firm; or fixed bodies; 
in opjl^sition to fluhi ones. 

CONS<?LE;'in Architecture, is an omamcni cui npoi 
the key df ah arch, having a projecturc.or jetiing, andoe- 
casionally sirring to support srnaH coniices, busts, and 
bases. - 

COWSONAKCE, in Music, is commonly used iiv’the 
^hme sehsd'with cohpord, via, for-lhe union or agreeraent 
uf two sodiids produced at the same time, (he one grave, 
the othet acute, which is compounded- together'by lueb a 
prbkihrlion of each, as proves agreeable to the ear, 

' Aa xinisem is the first consoBance, an eighth is the-9d, 
d'lfifln'fs'thedd; and then foIlotVthe fourth, with tbo third 
ai/tf si.xths, major and mihhr.- 

‘ constant Siuaniities arc such as remain invariably 
the same, while others ibercose or decrease. Thus, the 
^Offlcter of a- cirdc is a constant quanti^; for it remains 


the same while the abscisses and ordinates, or the siars, 
tangents, &c. nrc vari-.sblc. These are sometimes called 
given, or invariable, or pcrmant-iu quantities ; and in al¬ 
gebra it is now Usual to reprc.-eiit tlu-m by the loading 
lettcis of the alphabet, a, it, r, &c; while the vatiable 
uiKS arc denoted by the last letters, z, y, x, Acc. 

CONSTELLATIONS, certain imiiginary figures of 
birds, beasts, fishes, and other animals in the heavens,' 
within which are arranged certain stars. These assemblages 
arc also sometimes called ustcrLsnis. 

The ancients portioned out the firmament into several 
parts, or constellations ; reducing a certain number of stars 
under the representation of certain images, to assist the 
imagination and memory, to conceive or retain their num¬ 
ber, order, and disposition, or even to distinguish the vir¬ 
tues they attributed to them. 

The division of the heavens into constellations is very 
ancient; being known lo the most early authors, whether 
sacred or profane. In the Book of Job the names of some 
of them arc mentioned; witness that sublime expostulation, 

“ Const thou restrain the sweet influence of the Pleiades, 
or loosen the bands of Orion I” And the same may he ob¬ 
served of the oldest among tlic heathen writers, HCsiod and 
Homer. 

The undents in their division took in only the visiblo 
firmament, or ao much as came under their notice, e» 
visible to the naked eye. The first or earliest of these, is 
contained in tiic catalogue of Ptolemy, given in the 7lti 
book of his Almagest, prepared, as he assures us, from bis 
own observations, compared with tlrase of Hipparchus, 
and the other ancient astronomers. Id this catalogue 
Ptolemy has formed 44i constrllations. Of ihe^, 12 ane 
about the cclrptic,commonly collcdi tho L2signs; 21 lo 
the north of it; and 15 to the south. The northern con- 
stulladoni arc,, thr Little Bear, the Great Bear, the Dra¬ 
gon, Cepheus Bootes, the Norlbern Crown, tierculei, 
the Harp, the Swan, Cassiopeia, Perseus, Auriga, Ophiu- 
CQs or Serpentnry, tho Serpent, tbo Arrow, tho li^gle, 
tho Dolphin, the Lioi^e, Pegasus, Andromeda, and the 
Triuoglo. 

The consteliatioDs about the ecliptic arc Aries, Taurusv 
Gemini; Cunrrr, Leo, Virgo, Libra, Scorpio, Sagittarius; 
Capricorn, Aqabrias, and Pisce.s: or according to the 
English names, the Horn, the Bull, the Twins, the Crab, 
the Lion, theVi^n, tbutioinnee, theScorpoit, thcArCher, 
the.Goat,-the Wnter-beoirr, and the Fisiirs. 

- Tho Soothern constclinttons arc, the Wholes Orion, the 
Eridanus, thd Ham, thu Great Dog, tho Little Dog, tbe 
Ship, th«< Hy<tre, tho Cap. the Rnven, thu Ceiitaor; the 
Wolf, thu Altar, tbe Soaihern Crown, and iho Southern 
Fish. , , ^ . 

Tbe dih'or Mats not comprclicnded under these con- 
smllatiohs, yetvbiblo to the naked eye, the andents idfod 
Informos, or Spotades, some of which the modesn astro^ 
noMcra base sinec reduced into new figures, or cunsteiloh 
tjans. But on the modern celestial globes, the constella¬ 
tions aro made to include all die unformed start. Pto- 
Insiy has act dotrn tha longitude and latitude of- aU tboc 
jtars td about the year of Christ 197, amounting to the 
number of lOS?*, 

MU in tbet (lorthera constellations - - sCO - 
in the zodi^l constellations - 346 

in tha southern comtdlhtibns ' 9ld 

in all of FtoIdnyliictltaloguo - 1022’' 

Among tbe modem asttonombrs, l^cho Brahe is the 
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tiM ^ho dclcrmincd, with cxactnc$3» and in consequence vens, reduced into 4 tables, with a catalogue of the fixed 
of his own observations, the long, and lat* of the fixed stars for the year 1700. To the stars marked by Bayer, 
stars, out of which he formed 45 constcllatioos: of these, he adds a number of stars not before seen* with others la- 


43 were of the old ones described by Ptolemy, to which 
Tycho added the Coma Berenices, and Antitmus; but lie 
omits 5 of the old southern constellations, viz, the Cen¬ 
taur, the Wolf, the Altar, the Southern Crown, and South¬ 
ern Fish ; which he could not observe, because of the high 
northern latitude of Uraiiibourg. 

After Tycho, Bayer gave the figures of 6o constellations, 
very exactly represented, and with tablets annesed, having 
added to the 48 old ones of Ptolemy the following 12 
about the south pole; niz, the Peacock, the Toucan, tho 
Crane, the Phoenix, the Dorado, the Flying F'isb, the Hy¬ 
dra, the Chameleon, the Bi*c, the Bird of Paradise, the 
Triangle, and the Indian. Besides accurately distiniruish- 
ing the relative size and situation of every star, Bayer 
marks the stars in each constellation with the letters of 
the Greek and Roman alphabets, setting the first letter a 
to the fin>t or principal star in cnch constellation, fito the 
2d in oj*der, y to the 3d, and su on; a very useful method 
of noting and describing the stars, which has b(x*n used by 
all astronomers since, and who Utkvc farther enlarged this 
method, by adding the ordinal numbers 1,2, 3, to the 
other stars di^co\vrcd since his time, when any constella- 
lion contiuns more than can be marked by the two alpha- 
'bets* The number and order of the stars, as mentioned 
by Bayer, are, 


of the 1st magnitude 

ir 

of the 2d magnitude 

63 

of the 3d magnitude 

196 

ofthc 4(h magnitude 

413 

of the 5th magnitude 

348 

of the 6th magnitude 

341 

of the unformed stars 

326 

in all 

• 1706 


After Bayer, a catalogue, with new constellations, was 
published by Schiller, in 1627, in a work entitled Coelum 
Slellatum Cbristiaoum, the Christian Starry Heaven, in 
which he substitutes, very improperly, other figures of the 
constellations, and names, taken from the sacred scrip¬ 
tures, instead of the old ones. 

Ill the year lt)65, RiccioH published his Astronomy Re¬ 
formed, containing a catalogue of the stars in 62 constel¬ 
lations, via, the 60 of Bayer, with the Coma Berenices and 
Antinous of Tycho. Hq distributes the stars in all the 
constellations into four classes. In (he first of these classes 
are contained those stars determined by his own observa¬ 
tions, and those of Grimaldi* In the second are those star^ 
which had been ascortained by Tycho Drah4 and Kepler. 
In the third are the stars determined by Hipparchus and 
Ptolemy. And the 4th class consist^ of those of the 
southern hemisphere discovered by navigators, who have 
ascertained their places in a more or less aecomte man¬ 
ner; in which be has marked the longitudes and latitude 
for the year 1700, the period to which he has reduced all 
bis observations. This catalogue was foHow'cd by a num¬ 
ber of celestial schemes and maps of the heavens, publish¬ 
ed in 1673 by Pardics, who has represented very carefully 
all the constellations, with the stars (boy c'oniaiii. After 
thif, Vitalis pnblUbed a catalognc of the fixed st&rs ih bts 
Tables of the Prioiuro Mobile, in which> their.longitudes 
and latitudes, witiPihe right ascensions and decimations 
are set down for the^ year 1©75. ‘ 

Some' liiite aftttr tbis, Royer pilblisbed maps df the’Bda- 


ken from (he (nbies of Riccioli, and not mentioned by 
Bayer: he also formed, out of the unformed stars, eleven 
other constellutioiis; live of vvhicli an* to the north, and 
are called the Girafl'c, the River Jordan, the River Tigris, 
the Sceptre, and the Flower-<le-luce; with 6 on tin? south 
part, which ore the Dove, the Unicorn, the Cross, the 
Gnat Cloud, the Little Cloud, and tl>c Rbomboide* To* 
this work Royer has joined the catalogue of the southern 
stars observed by Dr. Halley at tlie island of Si. Helena. 

Heveliu^ has also impn>vi'd on the labi>urs of those who 
went before him, and collected together several stars of 
the before unformed class into some new* constellations. 
These are, the Unicorn, the Camelopardalis, described by 
Bartschius, the Sextant of Umnia, the Dogs, the Little 
Lion, the Lynx, the Fox and Goose, the Sobicski’sCmwn, 
the Lizard, the Little Triangle, und the Cerbc*nis; to which 
Gregory has added the Ring aiwl the Armillu. Some of 
these new constellations however amwer to those of Royer, 
as the Catnelopardul to the Girafic, the Dogs to the River 
Jordan, and the Vox to the River Tigris. The lalitudes 
^end longitudes ure added for the ye;ir 1700. 

Finally, Flamsteed has given h catalogue of the fixed 
stars, not only much more correct, but mwcU larger than 
any of thoe that had appeared before his lime. He has 
set down the longitu<ie, latitude, right aacm-iim, and polar 
distance of 2934 stars, as they wvre ul the beginning of 
1690, all determined from his own observations. He dis¬ 
tinguishes nil the Hiars into seven classes, or orders of mag¬ 
nitude, distinguishing those of Bayer by his letters, and 
marking their variution in right ascension, for showing 
their situation in the succeeding yeary. Sec the term C.i- 

TALOOUE. 

'1 his catalogue was followed by an AtlasGmlestis, pub¬ 
lished at London in the year 1729, describing, in several 
schemes, the figures of the constellations sec n in our herni^ 
sphere, with the exact position of the fixed stars, with re¬ 
spect to the circles of the sphen?, ns resulting from the last 
catalogue corrected by Flamsteed. And still later obser¬ 
vations, made with farther inipros'cd hriuscopes, have 
greatly enlarged the number and accuracy of the stara; 
but the number of the constellations rem uins the same as 
above described, except that nn attemp i was afterwards 
made by Dr. Hill lo add to the list 14 Mew ones, formed 
out of more of the clusters of unformed stars. 

Beside the literal marks of the st ars introduced by 
Bayer, it is usual niso to distinguish tl lem by (hat part of 
the constellation in which they are p'meed; and many of 
them again have Iheir peculiar name s; hs Arciuruft^ bt^ 
twoon the knees of BooteS; Gemina, or LuciHa, in the Go- 

C rtrwn*, PoHlIliura,' or 
Aldebaran, in the Bolls eye, Pleii ide« In'bis And 
Hyadcs in bis foreht-ad; Castor and Pollux in tbe hcadsof 
Gcroim ; Cnpclla, wiib the H«di • xhv shoulifcr of Au- 
riga; Regulus, or Cor Leonis, t* '.,e F^iem’s Ht*arf{ Sptca 
Virginis in the band, and Vihder i,}a,ris m the ShonWtr of 
Virgo ; Antarca or Cor Scorpior rfs, tlic Scorpion'S Heart; 
Pomalhaui, m the moutU ofVi- .cis Adstralis.' or'Sbuttiern 
huh; Re^l, m the foot ol'Oti- jtij Sit-iiw. ihthe*months 
Cams Major, tlie Grnit Do^;' Ptdcynni'Hrfti^UatlCof Oa- 
nw Minor, the Little Dtvg^ a n<d tbc'Pdle 8lar,'4he-iast in 
the tail of Ursa Minor,, the I ^tilc Bear. ' ^.icdmnhi 

TheOrceh und Rtcmi an fo ife;>jVdW'tlrt>ancfctitthddlbgy, 
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give and rcnnanhc lublis about tbe origin uf the con* 
>ti'Ilati(ins« pnibatly (Icrnod tnnn the hieroglyphici^ of the 
Kgy|)tiuits, nud trauMnittccI, witli from 

them to llie Grerk**, who probatily <d)>ciire<l tlu iii greatly 
vith their own fables, Ilv^inus's Poeticou Astron,; 

Riccioli /VImagest. iib. 6, cup, 4, 5; Slielburue^a Notes 
upon Manilius; ihully's Ancient A^trtMi<miy; and (iebc* 
lin*s Monde Prinntiti vol. 4: from the wlude of which it 
appears pri>bable> that the invention of the signs of the zo^ 
diac» arxl probably of most of tlic other consteUations of 
tlic sphere, is to be ascribed to some very ancient nation, 
inhabiting the northern temperate /one, probably what is 
now called Tartary, or the parts to the northward of 
Persia and China; and from thence tmnsmitled through 
China, India, Hab)lon, Arabia, Egypt, Greece, &c. 

It is a very probable conjecture, that the figures of the 
signs in the ;?<j<liac arc descriptive of the seasons of the 
year, or months, in the sun’s path : thus, the first sigo 
Aries, denotes, that about the time when the sun enters 
that part of the ecliptic, the lambs begin to follow tbe 
sheep; that on tlie siiirs approach to the 2d constellation, 
Taurus, the Bull, is about the time of the cows bringing 
forth their young. The third sign, now Gemini, was ori¬ 
ginally two kids, and signified the time of the gonts bring* 
ing forth their young, which arc usually two at a birth, 
while the former, the sheep and cow*, commonly produce 
only one* I'hu 4th sign, Cancer, the Crab, an anin^al 
that goes sideways and backwards, was placed at the 
northern solstice, the point where the sun begins to return 
hack again from the north to the southward* 'Mic 5th sign, 
Leo, the Lion, as being a very furious nniinHl, was thought 
to denote tbe heat and fury of the burning sun, when he 
has left Cancer, and entered the next sign Leo* The suc¬ 
ceeding Constellation, the (bh in order, received the sun at 
the time ol tbe ripening of corn and the approach of bar* 
vest^, which ^vas aptly expressed by one of the female 
reapers, with an ear of com in lirr hand; vi^, Virgo, the 
maid. Libra, ^ur the Balance, which is the following sign, 
evidently denoU'S the equality of days and nights, that 
takes place at tfiat season: and Scorpio, the next in order, 
denotes the tiio^o of gathering in the fruits of the tartli, 
which being gen^erally an unhealthy season, is represented 
by this venomous animal, extending his long-claws, threa¬ 
tening the inisclii|Cf that is likely to follow. The fall of the 
leaf was the scaso n of the ancient huntings for which rea¬ 
son the cuiistcllati oti Sagituiry represents a huntsman with 
his arrows and his dub, the weapons of desfruciion for the 
creatures he putsiies* 'riie reason of the Goat^ being 
cboHm to mark ^ihy srmthem solstice, when the sun has 
attained his extreiriy Uinjt in that quarter, and begins to 
return and mount ii^in to the northward, is* obvious 
^ woughi ^thc chamet cr of that animnl being, that it is 
mostly found climbin] 1» and ascending some tiioiintain, as 
it browres. There yci " remain two of tbe signs of the zo¬ 
diac to be considered wi th regard to their origin, viz, Aqua¬ 
rius and Piscci. As to the former, it is ^ be considered 
that the winter is a wet &nd uncomfortable season; this 
therefore was expressed b y Aquarius, the figure of a man 
pouripg otit water from ai t urn* The last of the zodiacal 
constellations was Pisces, t ^ couple of fishes, tied together, 
that had been caught: The. Wesson was, the severe season is 
over, your Bocks do not yct^ yi^ld their store; but the seas 
iond rivers, aro open, and \ i^cre you may take fish in 
abundance* ... ^ 

Through a vain an^ blind . zeal, rather I baa from any 


love for the science, some persons have Uon induced to 
niter either the figures of the conslcilations, ur their names, 
'rhtis, venerable Bede, instead of the pndanc names and 
figures of the twelve zodiacal constellations, sul/stitutcd 
tho^e of the 12 apostles; which example was followed by 
bchilliT. who completed the reformation, and gave Scrip 
tore name's to nil the constellations in the heavens. Thus, 
Aries, or the Ilnin, was changed into Ib ter; Taurus, or the 
Bull, into St. Andrew ; Andromeda, into the Sepulchre of 
Christ; Lyra, into the Manger of Christ; Hcrcuh's, into 
the Magi coming from the the Great L)og, into Da¬ 

vid; and so on. And Weigel, professor of nmlliematics 
in the uni\ersity of Jena, mude n new order of cnjistclla* 
tions; changing the firmutnent into a Caelum Heraldicum; 
and introducing the arms of all the princes in Lurop*, by 
way of Constellations. Thus Ursa the Great Bear, 

he transformed into the elephant of the kingdom of Den¬ 
mark; the Swan, into the Ruta with swords of the House 
of Saxony; Ophiucbus,ir)tothcCross of Cologne; the Tri¬ 
angle, into Compasses, w hich he calls the Symbol of Arti¬ 
ficers; and the Pleiadc's into the Abacus Pythaguriens, 
which he calls that of merchants; &c* 

But the more judicious among astronomers never ap 
proved of these iimovntiuns; as they only tend to iniio- 
duce confusion into the science. I'hc old constellatioas 
arc therefore still retained; both because better could nut 
be substituted, and also to keep up the greater correspon*' 
dcnce and uniformity between the old astronomy and the 
new. See Catalooue. 

CONSTRUd'ION, in Geometry, the art or mnnner of 
drawing or describing figures, schemes, the lines of a pro¬ 
blem, or such like. 

CoNSTRUtn iON of KqufUiorUt in Algebm, is tbe finding 
the roots or unknown quantities of ati equation, by geo¬ 
metrical construction of right linos or curves; or the re¬ 
ducing given equations into geometrical figures; which is 
cfTccicd b) lint's or curves according to the order or rank of 
the equation. 

1'hc roots of any ctjuatlon nmy be determined, timt iS) 
the equation may be constructed^ by the intersections of a 
straight line with another line or curve of the same di¬ 
mensions the equation to be constructed : for the roots 
of the equation arc the ordinates of the curve at the points 
of intersection with the right line; and it is well known 
that a curve may be cut by a right line in as many points 
as its dimensions amount to. I hus, then, n simple equa¬ 
tion will be constructed by tbe inUrsection of one right 
line with another: a quadratic equation, or un uffccicd 
ctjiiation of the 2d rank, by the intersi'ctions of p right line 
with n circle, or any nf the conic sccur.ns, which aic all 
lint^ of the 2d order; and which may be cut, by the right 
tine, in two points, thereby giving the two roots of the Qua¬ 
dratic equation. A cubic cquulion may be constructed by 
the intersccltun of the right line with a line of the 3d order: 
and so on. ‘ 

But if, instead of the right tine, some other lino of a 
higher order bo used ; then the 2d line, whose intersec¬ 
tions with the former arc lo determine the roots of iho 
equation, may be taken as many dimensions lotyer^ asJbc 
former is takco higher. And, in general, an equation o( 
any dc^cc will be constructed by the mtersectionsof ti*o 
lines wnosq dimqpsions, multiplied together, produce tbe 
dimension of the given equation* Thtu, the intcrH^tioni 
of a circle with the conic sections, or of these with each 
other, will consiruci biquadratic equations, or those of 
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ihc 4tli power, because 2 x 2 = 4; and the intersections 
«)f the circle or conic sections with a line of the 3d order, 
will construct cijualioiis ol the 3tb and 6'th power; and 
so on.—For example, 

To consiruct n Simple Equation. This is done by re¬ 
solving the given simple equation into a proportion, or 
linding a third or fourth proportional, ^-c. Thus, 1 . If the 

equation be ax = be; then « : 6 : : e : x = the fourth 

a 

proportional to ay b, c. 

2* l( aT ss b : tlien a : b : : b : t ^ a third propor¬ 
tional to 0 and b. 

3- If flj: = ; tlioi), since — c* = (A -t. c) 

* — c)y it will he a : b ^ c : : b ^ c : X ss /• -k x ^ ^ 

a fourth proportional to Oy b ^ c and A — c. 

4. If ai A* -j- c'; then con<^iruct 
the right-angled triangle adc» \\Iiosc 
^M^ e is bf and p<‘rpendicular is c, so 
shall the square of the hypothenuse 
be b^ -h c®, which call A*; then the 

equation is ax s= /r, and x = -, a third 

a _ 

proportional to a and h. .A Z 

To coTulruct a Quadratic Equation. 

1 . If it be a simple quadratic, it may be reduced to 
this form x* = nb; and hence ai x ; : x : b, or x =y/ab 
a mean proportional between a and b. XI. 

Therefore upon a straight line lake 
AB = a, and bc = h; then upon the 
diameter ac describe a semicircle, 
and raise the perpendicular bd to 
meet it in d 





A. B -C 

. so shall BDbe=»xthc mean proportional 
sought between ab and Bc, or between a and b. 

2. If the quadratic be uffecied, let it first bc x* 
2ax = A’; then form the right-angled triangle a bc, whose 
base AB is a, and perpendicular bc is A; and with the 
centre a and radius ac describe the semicircle scs; so 
shall i>D and be be the two roots of the given quadratic 
equation x^ 2ax = A^ 

3. If the quadratic bc x* — 2ae ss A’, then the con¬ 
struction will bc the very same as of the preceding one 

X* -4- 2ttx = b*. 




I - 

4. But if the form bc 2ax—x^saA*; form a right- 
n^led triangle whose hypotbenusc ro is a, and perpen- 
dicutar oil is Aj then with the radius fo and centre f 
describe a semicircle ic k ; so shall iii and h k be the tw o 
roots of the given equation 2rtx — x* = A’, or x* — Sax 
= - A*. Sm Maclaurin's Algebra, part 3, cap. 2, and 

Simpson s Algcbia, pa. 267. 

To co/u/ruct Cubic and Biquadratic Equations.— These 
arc constructed by the intersections of two conic bccUods ; 
for the equation will ri|c to 4 dimensions, by which are 
determined (he ordinates from tho 4 points iti which these 
conic sections may cut one another; and (he conic sec¬ 
tions may be assumed in such a manner, as to make this 

VOl. 1. 


equation coincide with any proposed biquadratic : sn liut 
the ordinates frorn Uiese 4 iruersections will bciqual n* 
the roolj> of the |)r<iposc(l biquadratic. When one <t( tl»c 
iiuerseciions of tho conic section fails upon the axis, ilu i. 
one of the ordinates vanishes, and the equation, bv wlucli 
these ordinates are determined, will ,hen be of s'dinu u- 
sums only, or a cubic; to which anv proposed cubit 
equation may be acconimodaitd. So'that the three re- 
maining ordinates will be the roots of that proposed cubic 
The conic sections for this purpose slionld be sucii as are 
most easily described; the circle may be one, and the pa¬ 
rabola IS usually assumed for the other. 

Vieta, in his Canonica Recensione Eliectionum G. omc- 
tricarum, and Ghctaldus, in his Opus Posthumum dc Ue- 
solutione et Compositiune iMalhemalica, as also Descaru s. 
Ill bis Geometria, have shown how to construct simpiJ 
and quadratic equations. Descartes has aUo show n how 
to construct cubic and biquadratic equations, by the in¬ 
tersection of a circle and a paralmla: And the same has 
been done more generally by Baker, in his Clavis Geomc- 
irica, or Geometrical Key. But the genuine foundation 
o all these constructions was first laid and c.xplained by 
Slustus in his Mi'solabium, part 2, This doctrine is also 
pretty well handled by Lahire, in a small treatise, call¬ 
ed U Construction des Equations Analytiques, annexed to 
lus Conic Sections. Newton, at the end of his Algebra 
has given the construction of cubic and biquadratic cqua- 
lions mechanically ; as also by the conchoid and cissoid 
as well as the conic sections. See also Dr. Halley's Con- 
struction of Cubic and Biquadratic Equations; Colson's, 
in the Philos. Trans.; the Marquis dc I'Hospital’s Traite 
Analytique des Sections Coniques j Maclaurin's Algebra 
part 3, c. 3, Uc. " 

CONTACT, the relative state of two things that touch 

r . cuitm^ or entering; or whose 

surfacesjorn to each other without any intenrtco« 

The contact of curve lines or surfaces, with either 
straight or curved ones, is only in points; and yet these 
Joints base different proportions to one another, as is- 
shown by Mr. Kobartes, in the Philos. Trans, vol. 57, pa. 
470; or my Abr. vol, A, pa. 678. Because few or no 
surfaces ore capable of touching in all points, and the co¬ 
hesion of bodies is in proportion to their contact, those 
bodies will adhere fastest together, that are capable of the 
greatest contact. 

Angle ((f Contact, is the opening 
between a curve line and a tangent 
to it, particularly the circle and its 
tangent; as the angle formed at a be¬ 
tween BA and AC, at the point of con¬ 
tact A. It is demonstrated by Eu¬ 
clid, that the line ca standing perpen¬ 
dicular on the radius da, touches (he 
circle only in one point: and that no right line can bo 
drawn between the tangent and the circle. Hence, the 
angle of contact is less than any rectilinear angle; and 
the angle of the semicircle between the radius da and the 
aren AB, is greater than any rectilinear acute angle. This 
seeming paradox of Euclid has exercised the wits of ma- 
tbcmaticians it was the subject of a long controversy be¬ 
tween Pcletarius and Clavius; the former of whom main- 
ained that tho angle of contact is heterogeneous to a rec¬ 
tilinear one, as a line is to a surface; (bo latter maintained 
the contrary, ■ Dr, Wallis has a formal treatise on Uio 
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biogcrs, IkIvvcpii tliem ami the place brsii-gcd, to ‘rcure 


Ii^io (.1 cohtaci, uiul of I Ik- semicircle ; wlicre, wiih other 
.u'.it iniitlieinalitiaiis, lie a).proven ol llic ojiinioii of Pek- 

I.IIHI'. , 

('l)N TI N r, a tc rm oficn used for the iiiea-SuromciU of 
Ixulic's and -iiil!ic\s. wliitlier solid or superficial; or the 
<.ipaiii\ of ii M'ssei and the area of a space; heiu« iho 
ipiaiit:!) either ol mailer or space included witliiu cerium 
bound' Ol’ liiiiils. 

CON I i(>L i I V, the iclaiion of hodies touehiug one 

anoliier. 

CON I Kil'OUS, a relatiie term, umlerstooil of things 
so dis|.o>e<l, that their sui faces touch each other. 

(.’on ncJt'OUS yj/ii'/fs, an- such as have one leg or side 
coiuiiioii n> < aeli angle ; ami are otlierwive callctl .adjacent 
angles; in contiadistinctum to tiiose made by coniimiing 
(lieir legs tlirough the poiiii of contact, which are called 
■ ippusile or vertical aiigks. 

CON'I INK.NT, a terni lirma, main-land, or a large e.\* 
lent of country, not iiite^jupfed by seas: so cnllcd, in op- 
povilioii to island, [leiiinsula, <S:c. 

Ounarch is usually <livided into Iwo grand continents, 
the ohl and the new: the ol<l continent comprehends Lu- 
rope, Asia, ami .Africa; the new continent comprclicmls 
Nnilii ami South .America. Since tlie discovery of New 
llullumi ami New Sinilli Wales, it isadouhl with many 
whether to call that \nst country an island or a continent. 

CON riNGl-N r Line, the smue with tangent line in 
Dialling, being the inlta^eclion of the planes of llic dial 
and equinoctial, atul at riglit angles to the subslilur line. 

CONTINUAL, or Continued PuorouTioNALS, are 
a series of tliix-c or more quantitii-s compared together, 
so that the ratio is the same between every two adjacent 
terms, viz. between the 1st and 2(1, tlic 2tl and 3d, the 3d 
and 4tli, &c. As 1, 2,4, 8, I(), &c, where the terms con- 
linuully increase in a double ratio; or 12, 4, 4 , 
the icrms decrease in a triple ratio. A series of continual or 
continued proportionals, is ollicrwisc- colled a Progression. 

CONTJNUED FrtlCiioilS. Sec FRACnONS. 

Conti n u ru Quantiij/, or Body, is tliut whose parts arc 
joined and united together. 

Continued Proporiio7t, is that in which the consp-. 
(juent of the first ratio is the same with the antecedent of 
the second ; as in these, 3 : 6 :: 6 : 12. See Continual 
Proportion. 

On the conti'ory, if the consequent of the first ratio be 
difiercnt from the antecedent of the second, llie propor¬ 
tion is called Discrete : as 3 : 6 :: 4 : 8 . 

CONTRACTION, in Arithmetic, is the shortening or 
contracting certain operutions, as in Multiplication, Divi¬ 
sion, Extraction of the Square Root, &c: the method for 
which see under the respective heads. 

CONTRA-Harmonical Proportion, that relation of 
three terms, in wliich the difTcrcncc of the first and second 
is to the difFerence of the 2d and 3d, as the 3d is to the 
first. Thus, for instance, 3, 5, and 6 ', arc numbers con- 
tra-harinonically proportional; for 2 : 1 :: 6 : 3. 

CONTRA-M u R u, in Fortification, is a little wall built 
before another purtiiion wall, to strengthen it, so that it 
may receive no damage from the adjacent buildings. 

CONTRATE->Viieel, is that wheel in watches which 
is ne.xt to the crown, whose teeth and boup He cuntrary to 
those of the other wheels; from whence comes its naiQ$: 

CONTRAVALLATION, Line qf, in Fortification, is a 
trench, guarded with a parapet; b(;iog made by the bc« 


lliemscivcs on that side, and stnp ilie sallies of the garri¬ 
son. It IS made beyond the reach of musket-shot from 
till-town; sometiiiH’s going ()uite around it, and some¬ 
times not, av occasion may r<«|uire. The besiegers lie be¬ 
tween the lines ut circumvallation and contravallation : 
but It is now seldom used. 

CONVERGING Oaves. Sec Curve. 

CosvEUOiNC, or CoNvr-iKiENT Lines, in Geometry, 
arc those that cuulinually approximate, or whose distance 
becomes coutimially less and less the farther they are con-' 
tinued, till they meet: in opjiosilion to divergent lines, 
w hove dislanie becomes conlimially grcar< r. 

Lines that converge the one way, diverge the other. 

CoNVEROiNti Rays, in Optics, aic such us incline to¬ 
wards one anoliier in tlieir passage, and in Diepliics, are 
tliose rays which, in their passage out ofonemedinin into 
anollMTof u dillennt density, nic refracted towards one 
miothi r; >0 that, if far enough continued, they will meet 
in a point or focus. 

Con veuo j no t’eriex, a seties of terms or quanlilies, that 
always <lecrease the further they proceed, or wliich tend lu 
a certain magnitude or limit: in opposition to (Hverging 
series, or sucli as hecoine larger and larger continually. 
See Series. 

CONA’LKSE. A proposition is said to be the convene 
of another, when, after drawing ti conclusion (roni some¬ 
thing first su|>poseil, wc return again, by making a suppo¬ 
sition of w hat had before bi-en concludi'd, and draw Irom 
thence as a conclusion what before was made lliesupposi- 
4ion. Thus, when it is supposed that the two sides of a 
triangle arc equal, and thence demonstrate or conclude 
that the two angles opposite to those sides nre equal also; 
then the convi>rsc is to suppose that the two angles of a 
triangle are equal, and thence to prove or conclude that 
the sides opposite to those angles are also equal. 

CONVERSION, or Con vertendo, is when there arc 
four proporiionaU, and it is inferred, that the first is to its 
excess above the 2d, as the 3d to its excess above the 4lh: 
according to Euclid, lib. 5, def. 17. 

Thus, if it be • v* - 8 : 6 :: 4 : 3, 

then converlendo, or by conversion, • 8 : 2 :: 4 : I. 
Or if iliere be - • " a : 0 :: c i d, 

thi n convertendo, or by conversion, « : a—b : : c : c—d. 

CONVEX, lound or curved and protubcnint outwards, 
as the outside of a globular body. 

Convex Lens, siliiror, &c. See Lens, Mirror, &c. 

CONVEXITY, the exterior or outward surface of a 
convex or round body. 

COORDINATES, in the Higher Geometry, is the gcni'- 
ral term used, when the absciss and ordinates of u curve are 
considered connectedly, whether they are at right angles 
with each other or not ;• and the nature of a curre is de¬ 
termined by the equation between its coordinates. 

COPERNICAN, something relating to Copernicus. 
As, the 

CoPERNiCAN Sphere. See SpHERR. 

CoPERNiCAN System, is tha^ system of the world, in 
which it is supposed that the sun is at rest iti the centre, 
and the earth and planets all moving around him in their 
own orbits. Here it is supposed, that the heavens and 
slars arc at rest; and the diurnal motion which they ap¬ 
pear to have, from cast to west, is imputed to the earths 
diurnal motion from west to east. 
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il»is s^sU'in was niaiiKaint’il hv many nf ihc aiicirijts ; 
particularly Ecphanlus, Solcucus Aiisiarchus, Philolnui, 
CIcanllies Samius, Nicetas, Heraclitles Ponlicus, Pluto, 
iiiul P^lliagurao; trom the last ot uIioid it was nncieiitiv 
called the Pythag.Mic, or Pythagorean Sysiein. 'Iliesame 
system uas also held by /\rehimcdi*v, in his b.iok ol' the 
number ot the Grains of Sand; but after him it became 
neglected, and even forgotten, for many ages; till aCont 
JOO years since, when Copernicus revi\ed it; fi„iu whom 
it took the new name of the Copernican System. Sec the 
in \t article. 

COPJyllNICUS (NtciioL.As), an eminent astronomer, 
was born at Tliorii in Prussia, January Jj;, I Me 

was instructed in the Latin and Greek language's at home; 
and afterward sent to Cracow, wlnre he studied philo- 
iophy, matheniiUics, and iiunlicinc; though his genius was 
naturally turned to mnilienmiics, which he cliieliy stu¬ 
died, and pursued through all its various branches. 

lie set out for Italy at 23 years of age; stopping at 
liologiia, tliat he might converse with the celebrated as¬ 
tronomer ol that place, Dominic Maria, w'hum he assisted 
for some time in making his observations. From liciice 
he passed to Home, where he was presently considcre<l as 
not interior to the famous llegioinonlanus. Hen- he soon 
accpiired so great a rc[)ntatiun, that he was chosen pro¬ 
fessor of mathematics, which he taught there for a long 
lime with the greatest applause; and here also hg made 
sontc astronomical <»hservalions about the year 1500. 

Afterward, returning to his own country, he began to 
apply his fund of observations and inutheinatical know¬ 
ledge, to correcting the system of astronomy which then 
pn-vailed. He set about collecting all the Looks that bad 
been written by philosophers and astronomers, and to rx- 
uinitie all the various hypotheses they had invented for 
the solution of the celestial phenomena ; to try if a more 
symmetrical order and constitution of the parts of the 
World could not be discovered, and a more just and c.x- 
(julsiie harmony in its motions established, than what the 
aslroiioiners ol those limes so generally admitted. Hut 
of all their bypollicses, none pleased him so well as the 
Pythagorean, which made the sun to be the centre of the 
system, and supposed the earth to move both round the 
sun. and also round its own axis. He thought he dis¬ 
cerned much beautiful order and proportion in°lhis; and 
that all the embarrassinrtit and perplexity, from epicycles 
and exceiitrics, which allcndcd the Ptolemaic hypotheses, 
would here be entirely removed. 

He began to consider this system, and to write upon it, 
when he was about 35 yein of age. He carefully con¬ 
templated the phenomena, made mathematical calcula¬ 
tions, examined the observations of the ancients, and made 
new ones of his own ; till, after more than 20 years chiefly 
bpent in this maimer, he brought his scheme to jicrfectioil, 
cjlahlisbing that system of the world which goes by bis 
name, uiid is now universally received by all philosophers. 

this system however was at first Considered as a most 
dangerous benny, and his work had long been finished 
unu pcrfectcdi Wforc hi; could be prcveiled on to /»ive it 
la the world, notwiilistanding being jirongly urged \o it 
by hi» fnendsa At length, yielding to their enircatien, it 


but too likely to follow the publiciilion of l,i« a.^noiift. 
mical opinions: ninl u|,i<h iinieeil wa': alterwnrd' tin- I tie 
of Gable.., for adopting :uul defeiidin:: them. This wo,k 
of Copernicus, fii-st printed at .\o,,niberg in folio, 1 ',41 
■ and ol which there hau- l.eeii niher i^iiiiionv since, is ii,- 
titled De Revolutionil.iis Orbuim Ca kMium, bein-. a lai-.- 
body of astronomy, in f> book'. ^ 

\Uien llheticus. the di'ciple of our author, returned 
outol Prussia, he brought uiih hun a tract of Coperni¬ 
cus, on plane and splnrical tri M'lioiiH-lrj. wliich he had 
iwmted at Norimherg, and which containeil a tail.- of 
Sims. It was afterward printod at the end of the fii't 
book of the Revolutions. An edition of our author’s great 
work was also [lublislied in -ito at Am'terdam in |7.‘l7. 
under the title of Asironomia Insuurala, illuslnitcd with 
notes by Nicolas Mnh rol Groningen. 

COPLRNICUS, the name of an astronomical iiisiru- 
menf, iineiKed by Wliiston, to show the motion and pli.-- 
nonu-iiii of the planets, both jnimnry niui secondary, h 
u f.iunded on the Copernicaii system, and therefore called 
by Ins name. 

COPI LR, is a malleiible and ductile metal, of a pale- 
red colour, with a tinge of yellow. It is soluble with 
eltervescencc in nitrous acid, to which it gives h sky-blue 
Colour: on the adiliiion of liquid timmoiiiii, a green pre¬ 
cipitate is thrown down, which is resoluble in an e.xcess 
of ammonia, forming a very rich purplish-blue fluid, and 
from this, if slightly supersatiinncd with muriatic acid, 
the copper is again prccipitul.le in its metallic form, by ti 

bar of clean iron. See Aikiii's Cliemicul Dictionary, Ar¬ 
ticle Coi-PEK. •' 

COR Caroli, Charles’s Heart, an exira-constellated 
star of the 2d magnitude in the norllicrn hcmi'pliere. be- 
Iwe^ the Coma Berenices and Ursa Major; so called by 

Sir Charles Scai-barough, in honour of King Charles I. 

Cor Hydr*, the Hydra's Heart, a star of the 2d 
magmtude, in the Heart of the constellation Hydra. 

Cor LnoNiS, Lion's Heart, or Uegulus, a star of the 
first magnitude in the constellulion Leo. 

COU SconPIl. SecANTARF.S, 

CORBEII.S, in Fortification, are little baskets about 
a foot and a half high, 8 inches broad at the bottom, and 
12 at tlio top; which being filled with earth, are set against 
one another on the parapet, or elsewhere, leaving'" cer¬ 
tain port-boles i'rom whence to lire under cover unoii 
ihc enemy. * 

COUBIiL, in Architecture, the representation of a ba.s- 
ket, sometimes seen on the heads of caryatides 
CoRREL.orCoRBiL, is also used, in Buildiim, for a 
short piece of t.mlK'r placed in a wall, witli its end pro- 

jectmg out 6 or 8 inches, as occasion serves, In the man- 
ner ol a shouldcring^piccc. 

COUBE'r, tbc'samo as Corbel. 

CORDON, in Fortification, a row of slones juttitw^ out 
between the rampart and the basis of the parapet.*"like 
the fore of a column. The cordon ranges round the 
whole fortrc«, and serves to join the rampart, which is a- 
slope, and the parapet, winch is perpendicular, moro a- 
grcenbly together, in fotlifications i-uised of earth, this 
‘ »ip with pointed stakes inslciid of a cordon. 


was printed, and he had bul ju.t received a perfect cm^ ‘ CORDS nTf - 
Wlu-I. 1.0 dio,l llio 2111. of m 4 , jm, at 70 jear. of 4 o ! s(lfmc"Por’ tl.c voTcI’ 

by wlijcli It J 9 probable he happily relieved from ibc ^^OUIDOU or Co a it i non in ForHfirfir • u 
>a.la... fa..a„ct.l i.cr«ca.i„„, of ll.c cl.urch, which were %c,..w.., Ijiag cn,ir“i;";i7'.l.e “elTp'a',’ Sf Z 
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Hurks ul a place, the outside of the moat and the 

|ullisadocs, being about '^0 yards broach 

CouiDoa is al^>o used, in Architecture, for a gallery, 
or lung aisle, around a building, leading to several cham¬ 
bers at a distance liuin cucb ollur, sometinus holly in* 
closed, and scunetimes open on one side. 

(OKlN rillAN Otda'y of Arcliilecturo, is the 4th in 
ordi r, or ilic 5lh and lust according to Sciiino;^zi and 
(Merc. I Ills Older was invei>ted by an Athenian archi¬ 
tect, nrul is the iiclic&t and most delicate of them all; its 
capital is udornctl svilli rows of leavc^i and of 8 voluias, 
which $ii|)pDrt the abacus. 'I'he height of its column is 
i() diameters, and its Ci)rnice is supported by modiUions* 

CORNEA Tunica, tlie second coat of the eye; so call¬ 
ed from its substance nstmbling the horn ol a lantern. 
Ihis is situated in iho lure-part; and is surrounded by 
the sclerotica. It has a greater convexity than the rest 
of the eye, and is portion of a siuhII sphere, or rather 
sphoroiti, and cinisulidulcs the vvhtde eye. 

COIINICI’, CoiiNiciiE, or Cornish, the third and 
uppermost purl of (he entablature of a column, or the 
uppurm<isl ornuinent of any wainscoting, &c. 

COKOLLAllV, or(\)N.sECTAHY, aconsequence drawn 
from some proposition or principles already udvanccrl or 
demonstrated, without the aici of any other proposition : 
thus from this thcoicin, I'hat a triangle which has two 
equal sides, has also two equal angles, this consequence 
may be drawn, 'I'hat a triangle which hath the three sides 
equal, has also its three angles e(|ual.~What is now call¬ 
ed a corollary, was by the earlier geometers named a 
Porism. 

CORONA, Crown or Crowning, in Architecture, the 
Ant and most advanced part of the cornice; so called be¬ 
cause it crowns the cornice and entabfature: by the work¬ 
men it is called the drip, as serving by its projccture to 
screen the rest of the building from the rain. 

CORONA, in Optics, a luminous circle, usually co¬ 
loured, w[)ich is seen round the sun, moon, or largest pla¬ 
nets. Sec Halo* 

Corona Borealis,or ScpUntrionalis, the Northern Crown 
or Garland, a constellation of the northern hemisphere, 
being ODC of the 48 old ones. It contains 8 stars accord¬ 
ing to the catalogue of Ptolemy, Tycho, and llevclius; 
but according to the Britannic Catalogue, 21. 

Corona Australis, or HIcridioTMlis, the Southern Crown^ 
a constellation of the southern hemisphere, whose stars in 
Ptolemy's catalogue arc 13; in the British catalogue, 12. 

CORPUSCLE, the diminutive of corpus, used to ex¬ 
press the minute parts, or particles, that constitute natu¬ 
ral bodies; meaning much the same as atdms. Newton 
shows a method of determining the sizes of the corpuscles 
of bodies, from their colours. 

CORPUSCULAR i4//rac/ton, denotes that powers by 
which the minute component particles of bodies are uni¬ 
ted, and adhere to each other. It may be distinguished 
into attraction of aggregation, viz, that power by which 
the homogeneous particles of bodies are united; and at- 
ifaction of affinity or of composition, viz, that power by 
which the heterogeneous particles of bodies arc united. 

Corpuscular Philosoph^y that scheme or system of 
physics, in which the phenomena of bodies are accoun^d 
for, from the motion, rest, position, &c, of the corpuseles 
or atoms of which bodies consist. ^ 

The Corpuscular philosophy, which now Aourisbes un« 
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cicr ibc name of (he mechanical philosophy, is very an¬ 
cient. Leucippus and Democritus taught it in Grccces 
from them Epicurus received it, and improved it; and 
frum him it was called the Epicurean Philosophy* 

Leucippus, it is said, roenved it from one Muchus. a 
Phi-nician physiologist, b<*fore the time of the Trojan war, 
and the first who philosophized about atoms: which Mo 
clius is, according to the u[nnion of some, the Moses o( 
the Scriptures. 

After Epicurus, the corpuscular philosophy gave way 
to the peripatetic, which became the popular system. 
Thus, instead of atoms, were introduced specific and sub¬ 
stantial forms, qualities, sympathies, &c, which amused 
the world, till Gnssendus, Cltarletoii, Descartes, Boyle, 
Newton, and others, retrieved the corpuscularian hypo¬ 
thesis; which is now become the basis of tlie nicchamcal 
and cx)>erimci)tal philosophy. 

Boyle reduces the principles of the corpuscular philo¬ 
sophy to the 4 following heads. 

1. That there is but one universal kind of matter, which 
is an extended, impenetrable, aiul divisible substance, com¬ 
mon to all bodies, and capable of all forms.—On this 
head, Newton finely remarks thus: All things cohii- 
ilvred, it appears probable to me, tlmt God in the'begin¬ 
ning created matter in solid, hard, impenetrable, muvo 
able particles; of such size's and figures, and with such 
other properties, as most conduced to the end for which 
he formed them : and that these primitive particles, being 
solids, are incomparably harder than any of the sensible 
porous bodies compounded of them; even so hard as never 
to wear, or break in pieces: no other power being able to 
divide what God made one in the first creation. While 
these corpuscles remain entire, they may compose bodies 
of one and the same nature and texture in all ages r but 
should they wear away, or break in pieces, the nature of 
things depending on them would be changed: water and 
earth, composed of old worn particles, of fragments of par¬ 
ticles, would not be of the same nature and texture now, 
with water and earth composed of entire particles iit the 
beginning. And therefore, that nature may be lasting, 
the changes of corporeal things arc to be placed only in 
the various separations, and new associations, of these per¬ 
manent corpuscles.” 

2. That this matter, in order to form the vast variety 
of natural bodies, must have motion in some, or all its 
assignable parts; and that this motion was given to matter 
by God, the creator of all things; nnd has all manner of 
directions and tendencies.—" These corpuscles (says New¬ 
ton) have not only a vis ioertls, accompanied with such 
passive laws of motion as naturally result from that force; 
but also are'moved by certain active principles; such hs 
that of gravity, and that which causes fermentation, and 
the cohesion of bodies.” 

S. That matter must also be actually divided into parts; 
nnd each of these primilivo particles, fragments, or atoms 
of matter, roust have tU proper magnitude, figure, and 
shape. 

4. That these difierently sized and shaped particles, 
have difierent orders, positions, situations, and postores, 
from whence all the variety of compound bodies arises., 
CORRECTION o/'a J9uen/. See Flvsnt. 
CORRIDOR. SceConiDOR. 

CORTES (Maktin), a Spanish author on Navigation, 
who fiourisbed in the middle of the Ifith century. In 15di 
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was published at Seville, his book entitled, Breve dc la 
Sphera y de la Arte dc Nam^ar con nueuos Instrumentos 
y Reglas; which he says he composed at Cadiz in 1545. 
In the dedication to the emperor, Cortes boasts that he 
was the first who had reduced navigation into a Compen¬ 
dium, enlarging much on what he had performed. He 
briefly and clearlyexposod the errors of plane-charts, and 
seemed to reflect on what had bc*en said against the varia¬ 
tion of the compass by Medina, when he advised the mari¬ 
ner, rather to be guided by experience, tlian to mind sub¬ 
tle reasonings. Besides, he emicavouied to account for 
this variation, in imagitiitig the medic to be influenced by 
a magnetic pole (which he called the Point Attractive) 
dilTerent from that of the world ; a notion which has been 
farther prosecuted by others,—A translation of Cortes’s 
book bv Uiebard Bden, was, on the recommendation of 
that great navigator Steven Burrough, and (he encourage¬ 
ment of the Society for making discoveries at sea, pub¬ 
lished at l»ndon in I56'j. 

COllVUS, the /iupcn, a southern constellation, fabled 

by the Greeks, as taken uptoheawn by Apollo, to whom 
it tallied that the beautiful maid Coronis, the daughter of 
Phlcgeos, and mother of Lsculapius by Apollo, played 
the deity false with Iscliys, under a tree upon which the 
animaj liappencd to be perched. 'I’he stars in this con¬ 
stellation, in Ptolemy’s and Tycho’s catalogues, are 7; but 
in the Britannic catalogue, y. 

CC)SECaNT,COSINE,COTANGENT,COVERSED 

SINE, are the secant, sine, tangent, and versed sine of the 
complement ofan arch or angle; Co being', tn this case, a 
contraction of the word complement, and was first intro¬ 
duced by Gunter. ' 

COS.MICAL Aspect, among astrologers, is the aspect 
of a plam-t with respect to the earth. 

Co8.MicaL Rising, or Selling, is said of a star when it 
rises or sets at the same time when the sun rises. 

But, according to Kepler, to rise or set cosmically, is 
only simply to rise or set, that is, to ascend above, or de¬ 
scend below, the horizon; as much as to say, to rise or 
set to the world. 

COSMOGONV, the science of the formation of the uni-. 
verse; lu distinguished from cosmography, which is the 
science of the parts of the universe, supposing it formed, 
and in the state as wc behold it; and from cosmology, 
which reasons on the actual and permanent state of the 
world as it now is; whereas cosmogony reosoru on the 
variable state of the world at the lime of its formation. 

COSMOGRAPHY, the description of the world; or 
the art that teaches the construction, figure, disposition, 
and relation of all the parts of the world, with the manner 
of rcpri*Mnting them on a plane. It consists chiefly of two 
parts; viz, Astronomy, which shows the structure of the 
heavens, with the disposition of llic stars; and Geography, 
which shows (hose of the earth. 

COSMOLOGY, the, science of the world in general. 
COSS, Rule of, meant the same as Algebra, by which 
name it was for some time called, when first introduced 
into Europe through the Italians, who named ^t Ri-golade 
the Rule of the thing; the unknown quantity, or 
that which was required in any question, being called cosa, 
the thing; the terms whence wc have Coss, and Cossic 
numbers, &c. 

COSTARD (George), was born at Shrewsbury 1710, 
uid educated at Wadham-college, Oxford, of which he 
became a fellow and a tutor; he died at bis vicarage at 
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Twickcnii.im, Jan. 10, 1782, in the 72d year of his age. 
Mr. Costard was a man of great learning; deeply read in 
divinity and astronomy ; well versed in the Greek, and a 
perfect master of the Hebrew and other oriental languages. 
—His private character was amiable, and his correspon¬ 
dence witli the literati was extensive both at home and 
abroad. He hud a great veneration for the Greeks and 
their literature; and was generally skilled Tn the learnini; 
of most of the ancient oalions. Ik-M-les various publica¬ 
tions on divinity, &c. be was author of the History of 
Astronomy, 4t<i, 17(>7, nith its application to geograplu, 
history, and chronology. His communications to ihi 
Royal Society, which are chiefly on astronomical subject' 
an- contained in vols. 43, 44,48 and 68of tlie Philosophical 
Fransactions. 

COFLS (Roger), a very onunent mathematician, pfu* 
losophcr, anti astronomer, was born July 10, lC82, at 
Burbach in Leicestershire, where his father Robert was 
rector. He was first placed at Lcncestcr school; where, 
at 12 years of age. he discovered a strong inclination to 
tiu' tnatheiuHtics. This biing observed by his uncle, the 
Rev. Mr. John Smith, he gave him all the encouragement 
he could; and prexailcd on his father to send him for 
sometime to his house in Lincolnshire, (hat he mi^ht 
a^ist him in those studies: and liere he laid the founda¬ 
tion of that deep and cMensivc knowledge in that science, 
for which he was afterw ards so deservedly famous. He 
was hence removed to St. Paul’s school,'Umdon, where 
he made a great progn-ss in classical learning; and yet he 
found so much leisure as to suppfirt a constant cora-spon- 
donce with his uncle, nut only in muthemnlics, but also in 
melaphvsics philosophy, and divinity. Ilis ne.\t irmovc 
was to I rinity-collegc, Cambridge, where he took his de¬ 
grees, and became fellow. 

Jan. 1706, he was appointed professor of astronomy 
and experimental philosophy, on the foundation of Dr. 
Thomas Plume, archdeacon of Rochester; being the first 

that enjoyed that office, to which he wiis unanimously 

chosen, on account of his high reputation and merits. He 

entered into orders in 1713; and the same year, at the 
desire of Dr. Bentley, he published at Cambridge the se¬ 
cond edition of Newton’s Mathemalica Principia ; insert¬ 
ing all the improvements which the author hud made to 
that time. To this edition he prefixed an excellent pre¬ 
face, in w hich he pointed out the true method of philoso¬ 
phizing, showing the foundation on which the Newtonian 
philosophy was raised, and refuting the objections of the 
Cartesians and all other philosophers against it 

The publication of this edition of NWton’s Principia 
added greariy to his reputation ; nor was the high opinion 
he public-now conceived of him in the least diminished, 
but rather much increased, bv several productions of bis 
own. which aftonvard uppeafed. Me gave in the Philos. 
Transa^ions, two papers, viz, |, Logometria, in vol. 29; 
5?“^ *1 er^’at fiery metebr that was seen 

March 6, 1716, in vol. 31. 

This extraordinary genius in the mnthcmatica died, to 
the great regret of the university, and all the lovers of the 
sciences, June 5, 1716, in the very prime of his life, being 
not quite 34 years of age. ' b 

Mr. Cbtes left behind him some very ingenious, and ini 
dMd admirable tracts, part of which, with the Logometria 
above mentioned, were published, in 1722, by Dr. Robert 
Smith, his cousin and successor in his professorship, after¬ 
wards master of Trinity-college, under the title of Har- 
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jnoruA Mrnstimnun, 'nIucIi contairisa nunihcr of\ory in- 
f;i*riioiis arul Icanuil wcukN: See tlio liKrotliiction to iny 
I^nsaritliiTi^. lie aUo a Conipcntlrnui of Arilh- 

iniUc; nt\ (he Rc^oludiiu of Equation*^; on Dioptricy; 
and on ihe Natuiecd Curv(*s. Ue>iile^ thist* piico, lie 
i\yvs\ U|i, rn (he lime oi his lednres, a course i t llyUio- 
'‘[.ureal and I’nriiiiiaiieal Ixctuiv^^iu Kn::li>h, uliicli \uTe 
l>)j|>lished uUo Uy l)i*. Smitli in 8vo, Ifo/i ainl are lielil 
Hi deal estimation. 


So lii^li an o|>iui(m had Sir Is^aac Newton nl our uu- 
lliorS that lie used to say, “ Il Cote^hail lived, wc 

rnijiht liavc known bomi'diina.** 

COTKSIAN r/fcoiw/, in Geometry, an appellation used 
for an elegant propt rty of the cinlc discovered by Mr. 
Cotes, 'rhe tlieoff tn is tliiv: If (ho factors of the binomial 


be re(|uired, ilje imh \ c being an integer number. 
W'ilb tile centre o, and radius AO = ^i, describe a circle, 



it is usual fortlw^ besieged to palisade it along the middle^ 
and undermine it f>n all sides. 

CO\*IN(s in Building, is when houses arc built pro¬ 
jecting over the ground plot, and the turned priji^cture 
formed into an nrch. 

Coving Cornice^ one that has n large casemate or 
iudlow in it* 

COUNT-Wiir.CL, is u wheel ill the Striking part uf a 
clock, moving round once in \2 or 24 hours It it some¬ 
times called the locking-wheel, because it has usuully || 
notchc'S in it at umrpial distances from one another, to 
make the clock strike. 

COUN'l'cU-.'\rpnoACiits, in Fortification, lines or 
trenches made by the besieged, where they coinc out to at¬ 
tack the lines of the besiegers in foun. 

Counteu-Bati F-tiY, u liatury raiH-d to play on aiv- 
otlier, to dismount the guns. \c. 

CooNTKii-Biir.Avr-wonK, the same as Ffiuue-Brnye, 

Counteii-Fouts, BuTTaEssEs, orSpuas, arc pillars, 
of masonry serving to prop or sustain walls, or terraces, 
subject to bulge, or be thrown down. 

Counteu-Fi'OUE, in Music, is when fugues proceed 
contrary to one another. 

CouxTEti-GuAnn, in Fortification, a work commonly 
serving to cover a bastion. It is composed of two faces,, 
forming a salient angle before the flanked angle of a has* 
lion. 

CoUNTKB*HAaMOSirAL. SceCoNTRA'IlAllMONlCAL. 


and divide its circumference into as many ecjual parts as 
tli'eru are units in ?c, at tlie points a, u, c, d,&c ; then in 
the radius, produced if necessary, take or = x, and from 
the point I', to all the points uf division in the circum- 
,,ference, draw the lines pa, ni, pc, &c; so shall these lines 
taken alternately, be the factors sought; viz, 
rij * PI) X pp Sic =c «* •+■ a®, anil 
PA X PC X PE &:c := a'a®, vizju' — x'orz'—o*, 
according as the point p is within or without the circle. 
For instance, if c s 5, divide the circumf. into 10 equal 
pait.s, and the point p being within the circle, then will 

Oa’ + op’ = Br X J)P X pp X UP X KP, 

and oa’ —op’ = AP x cp x p.p x op k ip. 

In like nuunur, if c := 6, having divided tlic circum* 
fei caccinlo 12 equal parts, then will 

OA® + OP* HP X or X PP x IIP X KP X MP, 

Oa“— OP*=AP X CP X EP X (ip X IP X IP. 

I he (leinonstratiun of this theorem may be seen’iu Dr. 
1*001 berton’s Epist. dc Coiesii inveulis. See also Dr. 
Smith's 'Iheorcmata Logumetriru and Trigonomclrica, 
added to Coles's Harm. Mens. pa. 114; De Moivre Mis- 
cel. Analyt. pa, 17; Waring’s Letter to Dr. Powell, pa. 35» 
and Simpson's Lssn^s, p. 113, 

By means of this theorem, the acute and elegant au¬ 
thor was enabled to make u farther progress in the inverse 
method of Fluxions, thun bud been done bcfoie. But in 
the tipi)licKlion of his discovery there still remained a li¬ 
mitation, which was removed by Demnivre. Vide ut 
supra. 

COVERT-Way, in Fortification, a space of ground 
level with tlic adjoining country, on the outer edge of the 
ditch, ranging quite round nil the works. This is other¬ 
wise called the Corridor, and has a parapet with its ban¬ 
quette and glacis, which form the height of the parapet.^ It 
issonictimes nlsu called the Counterscarp, because it is on 
the edge of the scarp.—One of the greatest difficulties in 
a siege, is to make a lodgment on the covert-way; because 


Coukteu-Minl, h subterraneous passage, made by the 
besieged, in search of the enemy's mine, to give air to it, to 
takeaway the powder; or by any other means to frustrate 
the effect of it. 

CouNTER-PAnr, a term in Music, only denoting that 
one part is opposite to anoflicr: so, the bass and treble are 
counterparts to each other. ' , 

Co(iNTEK-PoiNT,in Music, the art of composing har¬ 
mony; nr dis])osing and concerting several parts so toge¬ 
ther, as that they may make an agreeable whole. 

CouNTEit-PoisE, liny thing serving to weigh against an¬ 
other; particularly a piece of metal, usuttlly of brass or 
iron, making an appendage to the Homan statcra, or steel¬ 
yard. It is contrived to slide along the* beam ; and from 
the division at which it keeps the balance in cquilibrio, 
the weight of the body is determined. It is somctilucs 
called the Pear, on uccount of its figure; and Mass, by 
reason of its weight. Rope-dancers make use of a pule by 
way of counterpoise, to keep their bodies in equilibria. 

COUNTERSCARP, is that side of the ditch that is 
next the country; or propi'rly the talus that supports the 
earth of the covert-way: though by this word is often un¬ 
derstood the whole covert-way, with its parapet and glacis. 
And 40 it must be understood when it is said, 'I'lic enemy 
lodged themselves on the rounterscar]). 

CouNTER-SwAtLows-TAiL, IS an outwork in Fortifi¬ 
cation, in form of a single teiiiiiile, wider towards the place, 
or at the gorge, than at the head, or next the country. 

CouKTER-TENoa, ono of the mean or middle parts of 
music; so »lled, as being op)iosttc to the tenor. 

COURSE, in Navigation, the point of the compass, or 
horizon, which a ship steers on; or the angle which the 
rhumb-line on which it sails makes with the meridian; 
being sometimes reckoned in 'degrees, and sometimes in 
points of the compass. 

When a ship sails either due north or south, she sails on 
a meridian, makes no departure, and her distance and dif* 
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fertncp.of latiludc are llic same. W Ikii she sails due east 
or west, li.-r course makes right-angles with the meridian, 
ami she sails either upon the erjuator, or a parallel to it; 
III which case she makes no diflcrcnce of hitituile, hut her 
<li^laijce and departute are the same. But when the ship 
sails between the cardinal pi»ints, on a course making al- 
'vays the same oblique angle «iih the meridians, her path 
IS tlien the lo.Noilromic curve, being a spiral cntlin-’ all 
the meridians in ihesaineangle, and Urmiiiaimg in the pole. 

Hence arises a kind of geograpliical, or nautical para¬ 
dox ; at least to those who have but a limiicd knowledge 
of those subjects; which is this. If w.- suppose tw'o 
places having different latitudes and longitudrs, and that a 
person leaves one of those places on a certain point ol the 
compass, bearing directly towards the other; ami having 
aiTiieil-then', leaves this last place upon the dinet op)K^ 
site point of the compass to that on which he lirst set out, 
It will be found on his pursuing this course, that he will 
never return again to the place whence he lirst departed ; 
but will leavt- it more or h ss on the rigi.t or left, accordiii- 
to the relative situations of the two places. 

I lie clause ot ihis deviation from Ids original track is 
however easily explained : for in the first case, as the tra¬ 
veller is supiic'sed to go directly from one place to the 
other, he does not continue, in any two successive in¬ 
stances, to pursue the same p»<int of the compass; where¬ 
as on his return, he is considered ns constantly observing 
the same point, and hence arises the deviation in questiom 
hor lilt- same reason, if a vessel depart from a port situ¬ 
ated ill nurlli latitude, and constantly pursue the same 
north-easterly, or north-westerly course, it will continually 
approach towards the north pole in a spiral traced on the 
terrc-strial surface, but it will never arrive there, however 
tar the voyage may be pursued. And exactly the same 
ihmg will tak«- place with respect to the south pole, if the 
course be diiecteil towards the south-east, or south-west 
COUUTAiN. SeeCuiiTiN. 

CUA B, in Mechanics, an engine used for mounting guns 
till their carriages. See OiN. 

CiMD, on ship-board, is a wooden pillar, having its 
lower end let down through the ship's decks, and resting 
on jisocket, like the capstan: in its upper end are. three or 
four Iwilei,, at different heights, through the middlu of it, 
one above another, to receive long bars, ngainst which men 
act by pushing or thrusting.—It is employed to wind-in 
the cable, and for other purposi s requiring a great mecha¬ 
nical power. « 

'I’he Crab with three claws is used to launch ships, and 
to heave them into the dock, or off the key. 

CRABrUkL. (\VM.), an ingenious English astronomer, 
who resided at Broughton near Manchester in Lancashire, 
in the early part of the I7lh century. He was the frieiui 
of the congenial young astronomer Horrox, near Liver¬ 
pool, with whom ho carried on a learned jutronomical cor¬ 
respondence for the several years l6‘36’, 16'37, 1^38, i 6 j 9, 
IO'40; by which means lie was very instrumental in en¬ 
couraging Mr. Horrox to prosecute his useful astronomical 
observations and writings. A collection of those of Mr. 
Crabtree, mostly tor the same years os those above, was 
^blishrd by Dr, Wallis, along with the works of his friend 
Horrox, in oneyol. 4to, 16’72. A long and learned letter 
of bis to Mr.Oascoigne (the inventor of the Micrometer), 
on the nature and appearances of the solar spots, in tbu 
I v«)v 27# and in my Abridg. voL 5# pa* 626, 
CRAJG (Rgv. John), f.u.s, a respectable Scotch di¬ 


vine and miiihcmalician, who ii sicms s.tihd miiuc iiii,c 
ut Cambriilge, but was afte rwards vicar of Gillingljam, in 
Dorsetshire, wln-nrc lie cominoidy addressed his letturs to 
the Ruy.'il Socieiy. In 1685 lie bad a dispute vviih John 
Bernoulli, on the quadrature of curve lines ami turvili- 
near figures. He had also another diflirmcc with that 
great mathe matician on an algebraic equmiim; but after¬ 
wards finding liimself wrong, lie candidly acknowledged it 
in the 1‘hilosopliicari'ransactions, lie w rote several good 
pieces on mathcmaticaj subjects, partly published sepa¬ 
rately, and several publislied in ilic PItilos. J runs, as also 
the translation of them from the I.atin in ih> Abridgement, 
where a catalogue of them may be seen, m tl.e iTide.x at 
the end of tbe 18th or last volume; being, 1. Quadratures 
of curH“s geomerricaliy irrational.—2. Qumiraturc of il,( 
logarithmic curve.—3, l)n the curve of quick, st desct nt.— 

4 On the solid of least resistance—5. Method of deter¬ 
mining the quadrature of tigures.—6. Solution of Bei- 
noulli’s problenv on curvi-s.—7. On the length of curv. 
linev,—.s Method of making logarithms.—9, On thehe.id 
of a nioii^lrouv calf. 

And his separate public,'ittons are, 1. Methodus figu- 
rarum quadraiuras, \c, anno l6$j, 4io.— 2. De quadia- 
turis ei locis, \v. an. 1(193, Ho—3. Dc calculo Huenti- 

um, et de Optica Hnalylira, dve, an. 17 18, 4io._4. TJ»-' 

logiie Cliristianx principia m^lthemnlic.^, 1699, und after¬ 
wards printed at la ipsic, wiib a learned prelace. 'I'he ob¬ 
ject of Ihis curious tract, is to ap|)ly math.-maticnl ealcu- 
laiioii to the credibility of the Gospel historv ; iuid on this 
principle he maintains that the (Jlinstiaii 'religion must 
end, according to the doctrine of chances, aniiuiiom. 315U, 
at wliicli lime Christ will make his second appeaiance. 
'I'liis work wav answereil hy tlie abbe I luutev ilU-, in a pnec 
entitled, '1 he Christian religion proved by facts. 

CRAMI^R (Gabuiel), an einimni bwivs mathemati¬ 
cian, was burn at Geneva in 1/04, and died 1752. Ho 
was made professor of matheinalics at 19 yeam of age, and 
was author of several good works; as, his TJicory of Curve 
Lihi*s, 1740, 4to; he simplified ihc nrt of rovluciiig the 
equations of a problem to the smallest number possible. 
'I'o him the world owes the- useful labour of collecting and* 
publishing the works of James and John Bernoulli. 'He 
possessi-d a fund of knowledge in physics und the belles 
lelires, und rendered himself famous throughout Luroi e 
by bis progress and skill in niuthemaiics. 

» , , y ^^“.1 and in Commerce, 

for niisiijjf lurjjr stomps and oclicr wciiihtH. 

Perriiulf, in his notes on \’ilruvius, nipkes the crane the 
same with the corvus, or raven, of the ancients. 

The modern ernne consists of several members or pieces 
Mic principal of which is a strong upright beiiin, or arbor’ 
firmly fixed m tbe ground, and sustaine.1 by ei«ht urms 
coming from the extremiiii-s of four pieces of vvood laid 
across, through the middle of which the fool of the beam 
passes. About the mid.lle of the arbor the arms meet, and 
are mortised into it: its top ends in an iron pivot, 011 which 
IS borne a transverse piece, odvnncing out to a good di¬ 
stance like a crane’s neck; whence the name. The mid¬ 
dle and cxtremiiiw of this are again sustained Ijy arms 
from the middle of the arbor: and over it passes u rope, 
or Cham, to one end of which the weight is fixed ; the other 
18 wound about (he spindle of a wheel, winch, tinned 
draws the rope, and that heaves up the weight; to be af* 
terwards applicil to uny side or quarter, by the mobility of 
the transverse piece on the pivot. ^ 
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S>-\or.il improvements of lliis useful machine are men- 
III Dcsaj-Iiliers's Kxper. I’liilos. pa. 17» ^ st'q. par- 
tiriiluly lull' to prevent tlic inconveniences iirisinj* from • 
siul'lcn jerk', as well as to increase its force by using a 
(i'Hible axis in perjirochio, and two hundhs. 

1lie (’r.ine is o1 two kinds; in the first kind, called the 
rat-t.nh-'l crane, the whole machine, with the load, turns 
Ujioii a strong axis: in the second kind, tlic cilibet alone 
inoMs on US axis. See Desagnlier'-, as above, for a par* 
ticular account of tlie ilift'ereiit cranes, and of the gradual 
iiiipio\<nieiits they have received. Sr-c also the Supple- 
iiii lit to Ferguson's Ixctures, pa. 3, <kc; or Philos. Trans, 
vol. .')t. pa. .’4, lor a liescriplion of u new and safe crane, 
with fjiu duK ient powers adapted to different weights* 

('u.vNt IS the name of a southern constellation. Sec 
Cintfs. 

.C-ti.vvi- IS also a popular name for a syphon. 

CRANK, a contrivance in nmciiincs, in manner of an 
elbow, only <»f a sijuare form ; projecting out from an axis, 
or spindle; and serving, by its rotation, to raise and fall 
the pistons of engim-s for raising water, or the like. 

CRA'l'EU, the Cup, a constellation in the southern he¬ 
misphere; whose stars, in Ptolemy’s catalogue, are 7 ; in 
'I'ycho’s, 8; in Hcvelius’s, 10; and in the Britannic cata¬ 
logue, 31. 

CREEK, a part of a haven, where any thing is landed 
from the sea. It is also said to be a shore or bank on 
which the water beats, running in a small channel from 
uny part of the sea. 

CREPUSCULUM, Twilight: the time from the first 
dawn or appearance of the morning, to the rising of the 
sun; and again, bctwvcn the setting of the sun, and the 
last remains of day. 

'Hie Crcpusculum, or twilight, it is supposed, usually 
begins and ends when the sun is about 18 degrees below 
the horizon; for then the stars of the 6th magnitude dis¬ 
appear ill the morning, and appear in the evening. It is 
of longer duration in the solstices than in the equinoxes, 
but it is longer in an oblique sphere, than in a right one; be¬ 
cause, in those cases the sun, by the obliquity of his path, 
is longer in ascending through 18 degrees of altitude. 

Twiliglit is occasioned by the sun’s rays refracted in our 
atmosphere, and reflected from the particles of it to the 
eye. For let a be the place 
of an observer on tbc earth 
.«Dt, AB the sensible hori¬ 
zon, meeting in n the circle 
CBM bounding that part of 
the atmosphere which is ca¬ 
pable of refracting and re¬ 
flecting light to the eye. It 
is plain that when the sun is 
under this horizon, no direct 
rays can come to the eye at 
A ; but the sun being in the refracted line co, the parti¬ 
cle c will be illuminated by the direct rays of the sun; 
and that particle may reflect those rays to a, where they 
enter the eye of the spectator. And thus the sun’s light 
illuminating an innumerable multitude of particles, may 
be all reflected to the spectator at a.— From b draw bd 
touching the circle adl in d ; and let the sun be in the 
line BD at 6: Then the ray sb will be reflected into ba, 
and will enter tbc eye, because tbc angle of incidence dbe 
is equal to tbc angle of reflection abb : And this will bo 
the first ray that rcaches tbc eye in the morning, when tho 



dawning begins; or the last tliat fulls upon thecycat night, 
when the twilight ends; for when the snn goes lower down, 
the particles al B can be no longer illuminated. 

Ki pier indeed assigns another cause of the crcpusculum, 
vi;’, the luminous matter or atmosphere about the sun ; 
which, arising near the horizon, in a circular figure, exhi¬ 
bits the crcpusculum; in no wise, he thinks, owing to the 
refraction of tlic atmosphere.—The sun’s luminous alino- 
sphere indeed, ihouch neitlier the sole nor piincipal cause 
of twilight,, may h nglhen its ilur.ilion, by illuminating 
onr air, when the sun is too low to reach it with his own 
light. Gregor. Asir. lib. 2, prop. 8. 

The depression of the sun below the Aon'ton, at the t^in- 
ning qf the tnorning, or end of the ereniiig twilight, is deter¬ 
mined in the .same manner as the arch of vision; viz, by 
observing the moment when the air first begins to shine in 
the morning, or ceases to shine in the evening; then find¬ 
ing the sun’s place for that moment, and ihcncc the lime 
till his rising in the horizon, or from his siting in it iu the 
evening. It is now generally agreed that this depth is 
about 18 degrees upon an average.—Alhnzcn found it to 
be 190; Tycho, 17«; Uolhnuiiin, 240; Stevenius, 18®; 
Cassini, 15®; Riccioli, in the equinox in the morning I6®, 
in the evening 20® 30'; in the summer solstice in the morn¬ 
ing 21® 25', in the winter solstice in the morning 17® 25'. ■ 

Nor is this difference among the determinations of astro¬ 
nomers to be wondered at; the cause ol the crcpusculum 
being inconstant: for, if the exhalations in the nlinosphere 
be cither more copiotis, or higher, than ordinary; the 
morning twilight will btgin sooner, and the evening hold 
longer than ordinary: for the more copious the exhalatiofta 
are, tbc more rays will they reflect, consequently the more , 
will they shine; and the higher they arc, the sooner will 
they be illuminated by the sun. On this account too, the 
evening twilight is longer than the morning, at the same 
time of the year in the same place. 'lo this it may be 
added, that in a denser air the refraction is greater; and 
that not only the brightness of the atmosphere is variable, , 
but also its height from the earth: and therefore the twi¬ 
light is longer in hot weather than in cold, in summer than ’ 
in winter, and also in hot countries than in cold, other cir¬ 
cumstances being the same. But the chief diflerences are 
owing to the different situations of places on the earth, or 
to the difference of the sun’s place in the heavens. Thuj, 
the twilight is longest in a parallel sphere, and shortest in 
a right sphere, and longer to plucw in an oblique sphere, in 
proportion as they are nearer to one of the poles; a C”"* 
curostance which affords relief to the inhabitants 
more northern countries, in their long winter nights. And 
the twilights arc longest in ull places of north latitude, 
when the sun is in the tropic of cancer; and to those m 
south latitude, when he is in tho tropic of capricorn, a ha 
time of the shortest twilight n also different in differenlla- 
titudes; in. England, it is about the beginning of October 
and of March, when the sun is in the signs ^ and X* 
For the method of determining it by trigonometry, see 
Gregor. Astron. lib. 2, prob. 41. See also Robertson s Na¬ 
vigation, book 5, prob. 12.—Hence, from what hM been 
said, it appears that when the difference between the suns 
declination and the depth of the equator is less than 18, so 
that the sun does not descend more than 18* below the ho¬ 
rizon ; the crepuiculum will continue the whole night, « 
is the case in England from about the 22d of May to the 
22d of July. 

Gintn the latitude qf the place, and the sun*a declinoM*! 
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In the oblique-angled spherical triangle zps^ 
. urog.venzp the colatiiude, ps the c<?. ® ’ 

. *lcc*>nation, and zs =s iO60, bein» the 
sum of 90° the quadrant and 18® the 
depression at the extremity of the tivi- 
hghl. Then, by spherical trigonome¬ 
try, calculate the angle zps the hour, 
angle from noon; which changed into 
time, at the rate of 150 for an hour, 
gives the time from noon at the begin- 
'*"1° t'viliglit. See Robirtson, ubi supra. 

01 the Height of the sensible Atmosphere, as determined 
from the duration of twilight, see Keil's Astron. Led. 

*^21; or Longs Astro,,, vol. I, 
pa. 200; where it is determined that the height at which 
the atmosphere is dense enough to reflect the rays of light, 
IS about 42 miles. ^ ^ * 

CRESCENT, the new moon, which,as it begins to recede 
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f’east, held on th.- 

Uil. of Scptembvr. ,1, memory ol this, that Heraclitus re¬ 
stored to Mount Calvary ilur true cross, in 642, which had' 
been carnc-d ofi, 14 years before, by Cosroes km« of Per- 
sia, on h,s jaking Jcrusaltm from the emperor Phocas. 

This feast ,s still retained in our calendar, on Scot 1+ un 

der the name of Holy Rood, or Holy Creiss ‘ ' 

Cftoss-MoLTiPMCArioN, a meihod 
used cl)icfly byanificei-sin mullipKiiig feet 
and Indies by feefand inches, or the like- 
so called, because the factors arc multiplied 
crosswise, thus: 
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ment of box, or jiear-trec, consisting of a square staff 
line of m 

,, ' :...‘’u.i.ii,a» II oegins 10 reccae tangents, and having 4 cross niece* of iii.,.„..-,i 

Ws or“n,i::;‘'’Tr'''"" lis'-'. •trmi„a.i„g i„ lengths fi. „„ .o .he suf.tL halves 

horns or points, which increase till it f..ii ...j radi, to the tangent lines on the faces of the staff-^Thc 


born* or o.:/» • Z * "S'"’ m tnc sian.tnc halves of these beii," as the 

rouJd ?n H ’ on (he faces of the staff-Thc 

, ihs.rume,,. ,va, u,cd in .ak.ng ,hc .lli.udes of .hc cclcS 

Inc term i» sometimes also used for Aoi.ro of boilies atsca. It Irt ...^4... ^_ . ^ 


opposition. 

The term is somdimes also used for the same figure of 
the moon ,n her wane, or decrease, but improperly; both 

ecausc tlm horns arc then turned towards the west, and 
because the figure is on the decrease; the crescent nro- 

from cresco, I grow. 

CRONJCAL. Sec Acronical. 

CRONOS, a name given to Saturn by some of the old 
ostronomical writers* 

CROSIER, four stare, in form of a cross; by the help 
o winch, those that sail in the southern liernisplicre find 
the antarctic pole. ' 

CROSS, in Surveying, is an instrument consisting of a 
brass circle divided into 4 e<,ual paru. by two lines cross¬ 
ing each other in the centre. At each extremity of these 
finw IS fixed a pcrpendicularsight, with small l.oles below 
each hlit, lor the belter discovering of disiaiii eibjecls. 'I he 
cross IS mounted on a siafl; or sluijd, to fix it in tlicground. 

“aki„g 152^,to. 



mth the Cross. Mwisurculoug 
the diagonal line ac, and ob- 
^erve, willi the Cross, when 
you are perpendicularly op- 
jiosiic to the corners, a» at p, 
o, u, nnd from thence mea¬ 
sure the perpendiculars fe, 

UB, IIP. Wlienyou think you — 

arc nearly opposite a corner, set up the cross, with one 
of the bars or cross lines in the direction ac; then look 
through the sights of the other cross bar for the corner, 
b; If it be seen through them, the cross is fixed in the 
right place; if not, take it up and move it backwarti or 
forward in the line ac, till the point n be seen tlirounh 

UioscughU; and then you have the true place of the oer- 
pcndiculur. ^ 

In^ilion ^ifie CRosB, Jnventio C;w<>,an ancieet feast, 
which IS stjH retained in our calendar, and solemnized on 

‘7,?/’.°* raemory of the finding of the true cross 

of Christ, It 18 said, deep in the ground, on Mount Calvo- 
ry, by »i. Ilekna, the mother of Conslanilnc; where she 
erected a church fiar the preservation of part of it: the 

V Ol«* le * 


I ^ ^ , * .. O '’-V asassauMCd UJ IfjC CClC&tial 

boclitt at sea. It seems to have been pretty ancient, and was 

desenbed by John Werner of Nuremberg, in his Annoia. 

t.ons on the Isi book of Piulemy’s Geography, printed i,. 

1514, recommending it for observing the distance between 

the moon and some star, for the purpose of determining 
hclongitude. Sec Foru-Stafp. wiminin^ 

philosopher 

and nat^hemalician, was born at Uusanne in Switzerland 
April 13, 1663; where he died in 1748. at 65 years of 
ap-. Having ina-Je great progress in mathematics and the 
philosophy of Descartes, he travelled into Geneva, Hol- 
bn.l, and i- ranee. | lc was successively professor in seve- 

SwedenHcssc-CasscI, nephew to ihc king of 

Crousnz was author of many works, in various branches ; 
belles-lettres, logic, philosophy, divinity, &c. &c; butiha 
most weeined of them are. 1. His Ixigic; the best edition 
of which IS that of 1741, in 6 vols. 8vo.—2. A Treatise on 

^ Treats* on Education, 2 vols, 12rt5o_4. 

A 1 iratise on the Human Understanding.—5. Several 
TrcHtiscs on Philosophy and Mulhematlcs; as a Treatise 
on Moljon, &c, with several papers inserted in the Memoirs 
of thp French Academy of Sciences* 

CROW, in Mechanics, an iron lever, made with a sham 
point at one end, and two claws at the other; beiuT used 

purchasing grt^at weights, Ac. ’ 

LKOWN, IB Astronomy, a name given to two constcl- 
lations, the southern and the northern. 

.«f'‘°'^i'!’i’" "«S included between 

two parallel or concentric peripheries of unequal circl " 

The a«*a of this is obtained, by multiplying brSi, 

by the length of a middle, periphery, which is^n aritlimc! 

Lv i I"w“"i 'i'® peripheries that bound it 5 or 

the diffcir/cTof h l*alf 

hp*um«f rh U-diameters; or lastly, by multtplyin« 

no, 4th. edit. ray Mensuration, pa. 

rigti.t in the middle, between two principal rafters- and 
from which proceed struts or braces to the middle of each 
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It is otl.mvisc called a Kiog-posJ, or King's-piccr, 
ot Joggli'-piccc, 

Caow s-iy/ietl, of a W.tfch, is tlic upper wheel next the 
baluJicc, «pr iltat wlsirli <lnvts llu- balance. • 

Chow v-/l'orXr, in Forlification, is an out-work running 
Into il)e lield ; designed to kei p oll’ihe enemy, gain some 
hill, or ad\antagi’<.m post, mid roier the other works of 
the place. Ucon«islsof two ileini-bastions at the ex¬ 
tremities and an entire bastion m ilie middle, with cur¬ 
tains. ' 

Crowned Horn-worky is a horn work with a crown- 

work before it. 

CUYSTALLINE liumoury is a thick compact humour 
of the rye, in form of a flattish convex lem, placed in the 
n.iddlr of the eye, and serving to make that refraction of 
Ihe r.iys of light wliich is necessary to have thetn meet in 
the retina, and form an image there, by which vision may 
be performeil. 

CuYSTAi,MNE //tnrewi. in the Old Astronomy, two 
orbs ima'diieil between the ]>ritnuin mobile and the liiniu- 
n.ci.t, in°l»c I’tolenuiic system, which supposed llic hea¬ 
vens soliil, ami only susceptible of a single motion. 

King Alphonsus of Arragon, it is said, introduced the 
CrystaUincs, to c.spluin vvliat was culled the motion of 
trepidation, or titubatioii.—'I'he first Crystalline, accord¬ 
ing to Ilegunnontamis, ^c, siTves to account lor the slow 
motion of the fixed stars; by which they advance a de- 
grec in about 70 yearn, according to the order of the 
signs, or frdm west to east; which occasions a prcce“»s»ion 
of the erjuino.x. The 2d serves to account for the motion 
of libration, or trepidation ; by which the celestial sphere 
librates fr *m one pole towards the other, causing a differ¬ 
ence in the sun's greatest declination. 

CTESIBIUS, orCTESBBP.9, a mathematician of Alexan¬ 
dria, who was contemporary vyitb Ptolemy king of Egypt, 
in the l65th olympiad, about 120 years before Christ. He 
was possessed of a very great strength of imagination, 
which placed him at once in a situation much above 
that which his birth otherwisectilitled him tocxpcct, being 
the sou of a barber in that city. His memory is particu¬ 
larly cherished as the inventor of the pump. He also in¬ 
vented an hydraulic organ, though the circumstances that 
led to the discovery were purely accidental. On lower¬ 
ing a mirror in bis father’s shop, be observed that the coun¬ 
terpoise, which was included in a cylinder, produced a 
sound, by driving the air before it; and on examining 
the phenomenon more strictly, he conceived the idea of 
making an instrument, in which sounds should be produ¬ 
ced by means of the action of water driving the air before 
it, which invention was afterwards carried into effect by 
the emperor Nero. Ctesibius vvas the inventor likewise of 
the clepsydra, or water-clock, by means-of water falling 
upon a wheel, or a train of wheels, which were turned by 
iL The wheels communicated their motion to a small 
wooden image, which, by being gradually raised, pointed 
with an index to the proper hours, that were engraved on 
a column near the machioe.This invention, it it highly pro¬ 
bable, led to that of hour-glasses, or sand-glasses, for mea¬ 
suring time, which seems an imitation of the clepsydra. 
Ctesibius was also author of a treatise, ** Geodesia, or the 
Art of dividing and measuring Bodies,” which is said'tobc 
preserved in the library of the Vatican. 

Ctrsibivs'P ump. SeePuifP. 

CUBATURE, or Cubatiow, of a solid, is the measu- 


] 

ring the space contained in it, or lindiiig the solid content 
of Tt, or finding a cube equal to it. 

The cubalurc regards the content ofa body, as the qua¬ 
drature floes the superficies or area of a figure. 

CUBE, a regularsolid body, inclosed by six iqualsidea 
nr lacc-s, which arc squares.—-A die is a small cube. !l 
is also culled a hexacflion, because of its six sides, and is 
the 2d ol the five Platonic nr llegulur bodies. 

The cube is supposeil to be generated by the morion of 
a square plane, along a line equal ainl perpendicular lir 
one of its siiles. 

'I'o flescribc a Rcte, or Net, for forming a cube, or wiili 
which it may be covered, bee Body 

To determitte the Surface and Solidity of a Cm^c.-MuI- 
tiply one side by itself, vvhicb will give one s<iuarc or face; 
then this multiplied by 6 , the number of facw, will giro 
the whole surface: Also multiply one side, twice by iisell, 
that is, cube it, wiiich will give the solid content. 
Duplication ofa Cube, bee Duplication. 

Cubes, or Cubic Numbers, are formed by multiply¬ 
ing any numbers twice by themselves. So the cubes 
of” 1, 2, 3, 4, 5. 0, &c. 

arc 1, 8 , 27, fi*4, 125, 21f>, A'C. 

'Flie third fbffereiiccs of the cubes of the natural num¬ 
bers are all equal to each other, being the constant num¬ 
ber 6 . For, let m^ rP, be any three ndjacent cubes ill 
the natural series as above, that is, whose roots n,/>, 
have llic common dill'ereftre 1 ; then because 
fi = m 1, tlieref. n* sss m* -i- 3wt‘ - 4 - 3«i I, 
pssn ^ 1, theref. = n* -h 3n‘ + 3rt -t- 1; so that 
the difference between the Isl and 2 d, and between thc 2 <> 
and 3d cubes, aru 

n’ - = 3»i* -4- 3»i 4- [,) difference?; 

and the dif. ofthv'sc (Rffercnces, Is 

d(n* - m*) -4. 3(n - m) =s 3(n -4- m) . (»- w ) + 3 
(n — ffl), or since n — m = 1, it becomes 3(n -+• «i) 4-3 
= 3 (n - 4 - m - 4 - I) ss6{m -*■ 1 ), the 2 d difference. 

In like manner the next 2 d dif. is 6 (n ■+• 1)5 hence the 
dif. of these two 2 d diffs. is 6 (n “ **0 — which is 
therefore the constant 3d difference of all the scries of cubes. 
And hence ihe scries of cubes will be formed by aildilton 
only, viz, adding always the 3d dif. 6 to find the column 
or scries of 2d dill's, Iheu these added alvvays for the Isl 
dills, and lastly these always added for the cubes them¬ 
selves, as below: 

3d Difs. 2d Difs. 1 st Difs. Cubes. 

6 6 10 

6v 12 7 1 

6 18 19 8 

6 24 37 27 

6 30 6l 64 

6 36 91 125 

6 42 127 • 2l6 

6 48 169 343 

Peletarius, among various speculations concerning square 
and cubic numbers, shows that the continual sums of the 
cubic flumbers, whose roots are 1,2, 3, &c, form the se¬ 
ries of squares whose roots arc I, 3, 6 ,10, 15, 21,6tPs 
Thus, 1 = 1 := 1*, 

1 8 = 9=3*, 

1-4- 8 -»■ 27 = 36 =s 6*, 

1 -t- 8 -4- 27 64 =s 100 = 10*, &e. 
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Or, in general, l> + 2^ + 3’4-*&c., ton's (I +2+3 
4.. .n)\ whose root is 4 n. (n + 1 ). 

It IS also a pretty property, that 5ny number, and the 
cube of It, being divided by 6 , leave the same remainder ; 
the senes of reiDaindcrs being 0 , 1,2, 3,4-, 5 , continually 
npeated. Or that the diflcreiices between the numbere 
and their cubes, divided by 6, leave always 0 remaining; 
and the quotients, with their successive differences, form 
the several orders of figuratc numbers. Thus, 


CUB 

bv“cV'l = ,I,en 

Cardan s method the root is 

xs=s^[6 +y'(i' +««)] +4/[i -v^(i=+ <i’)];oriftlur. 
be pul *[6 -f v/(6* «")], and d = ^ [4 - y'ji*^ 

then *+d = x, the 1 st or Cardan’s root, 
also-l±i+*-=‘' 

3 a 

i+d 


’%/ —3 is the 2 d root, 

•»i-o i — 

^ ^ 3 “T" IS I he 3<J root. 


Num. 

Cubei. 

Dili. 

iiutA. 

1 Dit. 

0 Oil. 

1 

1 

0 

0 

0 

0 

2 

8 

6' 

I 

I 

1 

3 

27 

24 

4 

3 

2 

4 

64 

6'0 

! 10 

c 

' 3 

5 

125 

120 

20 

10 

4 

6 

210' 

210 

35 

15 

5 

7 

343 

336 

56 

21 

6 


See a large table of cubes and squares, with their roots, 

ov"‘ i!" i of ray Tracts, at the end. 

J/ie Cube of a Binomial, is equal to the cubes of the 
parfe or members, together with triple of the two pa- 
ralldopipcdons under each part and the square of fhe 
other; viz, (0 + 4 )' s + 3^:4 ^ 3 ^ 4 : ^ 4 s. 

the common method of extracting the cube root. 

-Eyhartww.are those in which the unknown quan- 
tiltcs rise to three dimensions: as x* = o 

All cj^bic equations may be reduced to this form, 
+ px —9 , VIZ, by hiking away the 2d teriii, when 

tua.rri tt i: **' 

all real, or else one only is real, and the other two imad- 
Dary; forall rooU become imaginary by pairs. 

But the nature of the roots, as to real and ima»iiiarv is 

** 6 " '*“= coefficient p, and paitlv 

from the relation between/) and q : for the cquatio^n has 
always two imasinarv rnnre #. . 


allr^- -«3inun^77V o^^^rwisc the roits are 

all w , namely, whenever p is negative, nnd 4 p» either 
equal to, or greater than 27 / ^ 

Every cubic equation of the above form, viz, wanting 
ihc 2 d term, has both positive and negative roots, and the 
greatest root is always equal to the sum of the two less 
roofs, VIZ, either one positive root equal to the sum of 

the sum of two smaller and positive ones. And tic sion 
of the greatest, or single roof, is,positive or negative, ac- 

ri/hf ^ it stands on the 

[u.i? the equation, thus x^+/)x = 0 ; and 

irthaMn ^ contrary sign to,. 

ofThe root, Pdetermines the Mturc 

01 the roots, ^ to real and imaginary; and the sign of 
5 .l««n„„c thx.. aftcion of .ho root,.,, ,o poUdw Id 

Sir m7ald“f ‘ i" "■» PWlo, 

rans. lor 1780, and in my new. Tracts, vol. 2 , tract 28. 
hihtd, but invented by Eerreu, ,nd Tartalca. See At,- 
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Now the firstofthese,or Cardan’s root, is always a real 
root, though It IS not always the greatest root, as it liUh 

exhibit the root m the form of an imaginary (luantitv 
when the ^uatioii has no imaginary roots at all • but in 
the form ofa real quantity when the equation has two inia- 
gmary roots. See the reason of this explained in my 
^«^“bove_c,ted, art. 47. As to the other two roots, viz, 

~2 ^ though, in their general form they 

y®*’ substituting ccr- 
ta n particular numbers, they come out in a real fom in 
all such cases as they ought to be so. 

But, after the first root is found by Cardan’s rule, the 

llhZ I'ff ‘■•xhibited, in severdl 

other different ways; some of which arc as follow • 

Let r denote the 1st, or Cardan's root, 

and rand w the other two roots • 

then is P u.= - r, and rwr = o ; 

Md the resolution of these two equations will give the 
other two roots v and w, by a quadratic equation.® 

Or resolve the quadratic equation x* +rx+r* + ft-so 
and Its two roots will be those sought. ^ 

Or the same two roots will he 

either-ir + V(-/. -and - i r - 

or - 4r + and -4r-i^(,x 

“*■" ^ V(1 - and - } r-4 V( , _ 

Ei. I. If the equation be x^ - 15x = 4: here o s 

®r * = «; hence v/(i*+a') = 
V'(4 125 )—v'- 121 = 11^ - 1,,—^(2 + y« 221) 

therefore r = e + rf = 4 . the 1st umt; and ^ 

"" a * a V — 3 = —2 theothcr tworoots. 

.f ~fi ' i ~ ^ V- ‘ ^ 

ft 3 ’u'J’ r .« ?' ■»” 

S'!'j here, = 6, ,„d 4 = 3 : .he„ 


*ho equation 

art-, (^.and’leq.tf mTTmlt ‘f^ j*®' ^ 
pears that the rooL aref-T^K-f j**’'*^ '*•*** ’ ,'^hcDce it ap¬ 
es follow: viz, “ ®®**’'*"‘®‘*^“™«oysformsofsoriM 

2$/4 K ( I - - 6 h' 8 <* •' 

fnr»t.o’t . “a.e.p.iat* 

tor the isi root, and 
* 3 C 2 


1 
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" 'T J.o.yt* a.6.9.12.ISA* 
for the I'vo olher roots ; where a = |p, bs= \q, and e = 
^{b- -t- o’)- And similar series, for the solution of cubic 
i-iiuiiiions, wc ie also employed by M. Leibnitz of Hanover, 
II) the year l677. Various otiicr series for ilie same 
piiri»<)se may also be seen in my Tract, so often before 
II ted. 

j, A third method for the roots of cubic equations, is 
by angular sections, and the table of sines. It was first 
hmtc<rby llombelli.in his Algebra, that angles arc trisected 
by the resolution of cubic equations. Alterwards Victa 
gave the resolution of cubics, and the higher equations, by 
angular sections. Next, Albert Girard, in his Invention 
Nouvclle cu I’Algcbrc, shows how to resolve the irredu¬ 
cible case in cubics by a table of sines s and he also con¬ 
structs the same, or finds the roots, by the intersection of 
the hyperbola atid circle. Mallcy and Demoivre also 
gave rules and examples of the same kind of resolutions 
by a table of sines. And, lastly, Mr. Anthony Thacker 
jiivented, and .Mr. William Brown computed, a large set 
of similar tables, for resolving affected quadratic and cubic 
equations, with their application to the resolution of bi¬ 
quadratic ones. See Ihueducible' Owe. Also the re¬ 
solution of these cases, by the tables of sines, tungetits, 

Jst. ar’-4-;Jx — 9 = 0-= 


and sreanUi, in my Course of Mathematics, vol. 3,p. 181, 
J85, fite. 

4. .Again, the several mcthoils of approach, or approxi¬ 
mation, for the roots of all affected equations, which have 
bwn used in various ways by Stevin.Vieta, Newton, Halley, 
Ruphson, and others. 

To these may be added the method of Trial-and-crror, 
or of Double Position, one of the easiest and best of any. 
Of this method, let there be taken the lust example, viz, 
X* + 18 x = 6, in which it is evident that x is very nearly 
equal to-J, but a little less; take it thereforex = 33 ; 
then X* 18x = 5*975937, but should be 6 , and there¬ 
fore the error is '024063 in defect. 

Again suppose .r = ‘34; then x* 18x = 6*159304, 

which is *159304 in excess. 

, . •■14 X -024063 + -j a X •IS9.104 _ 6o;S2 _ 

Therefore-:^ 4 or ,3 -i--isyiM uuuo? 

the root as before very nearly. 

The method of icsolving all the cases of cubic equations 
by the tables of sines, tangents, ami secants, are thus given 
by Dr. >laskelync, p. 57, Taylor’s Logarithms. 

“ The following method is adapted to o Cubic equation, 
wanting the second term; thei-efore, if the equation has the 
second term, it must be first taken away in the usual man¬ 
ner. T here arc four forms of cubic equations wonting the 
second term, whose roots, according to known rules cqui- 
valent to Cardan’s arc as follow : 

- v/lV - \ - •/('i - 


2 d. x^"pr p = 0 
3d. 

4th. X 


5-)] 

ar-'-' 


. 

x'-px — 9 = 0 - .-------X= 

px-t-9=0 . ..X=: 




The roots of the first and second forms are negatives of 
each other ; utid those of the third and fourth are also ne¬ 
gatives of each other. The first and second forms have 
oiilv one root each. The third and fourth forms have also 

'4* p* 

only one root each, when the quadratic surd *“^) '* 

possible ; but have three roots each when that surd is im¬ 
possible. 

The roots of all the four forms may, in all cases, be 
easily computed as follows : 

Form Ui and 2 </. Put - * (-)^ = fang, i; and 

lyftan, (45® — |t)] =tan. u. Then x =s ±>/~ * cot. 

2 u; where the upper sign belongis to the first form, and 
thc.lowcr sign to the second form. 

Foma 3d and Mh. Put - x (^)T if less than uoily, 

q 0 

otherwise its reciprocal I x (j)isscos.x. Then, 

Case Ut, X < unity. Put ^[tan. (45° — I >)] 

=itan. «. Thenx = ±v^^ x cosec. 2 u; where the up¬ 
per sign belongs to tlic third form, and the lower sign to 
the fourth form. 

Case 2d. | x onity. Then x has three values 

each form, viz, x = ± 4 /^ * f 
( 60 ° — j) ss * c°** *♦* » wheflj the upper 


signs belong to tbc third fonO) and the lower signs to the 
fourth form* 


m 
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By Logarithms. * 

Forms Ut and 2d. Log. j J ^ 

,an. z; and ^ .22 = log. tan. u. Then log. 

1 = 1 log. + log. cot. 2 u — 10 ; and x will lie a^irroa- 
tivc in the first form, and negative in the second form. 
Forms 3d and -WA. ~ x log. ^ + 10 - log. J being less 

than 10 (which is case first) or log. j **- 10 ~ 5 ; * l°g* 

j bdng less than -10 (which is case 2 d) = log. cos. s. 

Case Ut. l^-'‘"'(«’-W-t2g - log. tan. u. Then log. 

9 

z = i log. ~ 10 — log. sin. 2 m ; and x will be affirma¬ 

tive in the third form, and negative in the 4th form. 

Cate 2d. Here z has three values. 

1 st. Log. ± * “T^og*.^ log* 00 s. I - 10, 

2 d. Log. q: z = i log. -I- log. cos. (600 - |), 

3d. Log. =F * = T log. -f- log. cos. (60“ j) — lOi 

where the upper signs belong to the third form, and the 
Ibwersigns to Uiefourth form-, that is, the first value of x 
in the third form is positive, and its second and third 
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\iiluesncgaiivc; and the first value of r in the fourth form 
h negative, and its second and third values affirmative.'’ q' 

See also iBnEDUciBLE Crtjf. sf 

For the construction of cubic equations, see Con- oI 
STRUCTJON. 

CcBic Fool, of any thing, is so much of it as is con- fo 
tained in a cube whose side is r*ne foot. 

Cubic Hyf)erbola, is a figure expresscil by the equation ar 
ry r= a, having two asymptotes, and consisting of two hy- it 
perbolas, lying m the adjoining angles of the asymptotes, ro 
and not in the opposite 'angles, like the Apollonian hy- pa 
perholu; bring otherwise called by Newton, in his Enu- 
meratio Linearum Tertii Ordinis, an hyperbolismus of a " - 

parabola; and is the 65tb species of those lines accordiii" 
t‘> him. ® «| 

Cubic Numbers. Sec Cubes.- cu 

D/ 
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Cubic Parabola, a curve, as BCD, of the 2<1 order, hav- 
ing two infinite legs cd, cd, tending contrary ways. And 
if the absciss, ap or x, touch the curve in c, the relation 
between the absciss and ordinate, viz,A p = x, and pm s=y, 
IS expressed by the eijualiony = ax’ + cx ; or 

when A coincides with c, by the equation y = ex’, which 
is the simplest form of the equation of this curve. 

If the right line ap (fig. 2 ) cut the cubical parabola in 

three points -A, b, p ; and from any point p there be drawn 

the nght line or ordinate psi, .cutting the curve in one 
point SI only : then will p>i be always as the solid ap x 

BP X CP; which is an essential property of this curve. 

And^hcnce it is easy to construct a cubic equation, as 

■ ^ \ ^ ~ ^ ‘ntersection of this curve and a 

right line. See the Construction of a cubic equation by 
means of the cubic parabola and a right line, by Dr. Wal- 

As also the Construction of equations 

of b dimensions, by means of the cubic parabola and a cir- 

® lecture formerly read at Oxford. 
r/ie curve of this parabola cannot be rectified, not even 
by means of ibe conic sections. But a circle may be found 
equal to the Curve Surface, generated by the rotation 
'•i the cuiwc AM about the tangent ap to the principal ver¬ 
tex A. Let MN be an ordinate, and mt a tangent at the 
point m; and let pm be parallel to an. Divide mn in 
the point o, so that mo be to OK as tm to mn. Then a 
mean proportional between tm -i- on and j of an will be 
the radius of a circle, whose area is equal to the superfi¬ 
cies described by that roution, viz, of am about ap. 





n Cubic lioot, of any number, or quantity, is such a 
quantity as being cubed, or twice multiplied by itself 
shall produce that which was given. So, the cubic root 

- of 8 IS 2, because 2’ or 2 x 2 x 2 is equal lo 8. 

The common method of exiracting the cube root, 

- tounded on the property given above, viz. (« t- bV =a^ 
■r Sa b + 3ab‘ -r b\ is found in every book of common 

i arithmetic, and is as old at lea>t as Lucas de Burgo, where 
. :t IS fii^t met with in prim. Other methods for the cube 
, root may be seen under the article Extu.ution ofRoots 
particularly this one, viz, the cube root of n, or l/n = 

X «. very nearly, or 2a’ : 2 a -h o’: ; a: */« 

the cube root of n nearly; where n is any number ^iven 
whose cube root IS sought, and a’is tl.c nean-st complete 
cube to n, whether greater or less, * 

l^r example. Suppose it were proposed to double the 
cu^, or, which comes lo the same thing, to extract the 
cube root of the number 2. Here the arrest cube i< 1 
w^osc cube root is 1 also, that is, o’ = i, and a = j, also 
^-^2; uKTi'fore 
2a’* n 2n H- a 

n!.r / ^ ‘-25=^2 nearly. 

i>ut, lor a nearer value, assume m.w « i, or a’ sr ‘ • 

then „Ja- * » = ^ 2 = ^ 

; bcnce 378 : 381 : ; , : or l'25Q0'»i — 

^2, or the cube root of 2, which is true in the li^t^place 

for'iho «*s'est me^thod 

the cube root of any number. Sc-e its inu^stlgation ... 
my new Tracts, vol. j, pa. 210 . ^ 

that IS real, and two imaginary: So. the cube root of 1 is 

either I. or - . . 

a ’ -5-i ®'“1 ‘f r be the 

real root of any cute r^, the two imaginary cubic roots of 

it will be - , 

^ > dn<j - 2 -r: for any one of 

th«c being cubed, gives the same cube 

XuBiNG qf a Sofid^ See Cubature, 

Cdbo-cube, ihc 6th power. 

CUBO-CUBO-CUBE, the 9ih power. 

CUBIT, a measure equal to the distance from theelbow 

“'™V V of fi-eors; and c.,n.n,„nly 
estunated at halfa yanl, or 16 inches. ^ 

passage of a star or planet over 
the meridian, or that point of iu orbit which it is in at 

, greatest alftade. Hence a star is said cnimiiate 

when It passes the meridian.' u**iiinau, 

Tofnd the time of a Star's cubninatinB. EstimaM thsa 
time nearly; and find the right ascension^ b„!h ..nV 
and star corrected for this e° tinrS u™; “tn the'd^" 

is n?wTu“T' “ Pi'oa of ordnance; bn. 

CUNETTE. See Cuvette 
CUNEUS. Si^Wedoe 

for b.; . (Maria), a lady of Silesia, who was famous 

but mor " T' "‘""y branches of leS 

which iLh m mathematics and astronomy Jn 

ingenious treatises; pariicuhirk 
and p Urania Propitia, printed in lfi50, in Latin 
and Gennun, and dedicated to FerdiDand the 3d. emperor 
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of Gormnny. Ii> tlu« ivork arc contained astronomical 
labUs of yreat ease and accuracy, founded on Kt»plcr’s by- 
potUwis. Hut n()twitlistan<ii)ig her merit shines, with such 
peculi.'ir lu'tre as to reflect honour on her sex, history docs 
not inform us of ilie tin»c of her birth or death. 

CUlllU.N'r, a stream or Hux of water in any direction. 

Tlie Sotting of the current, is that point ol the compass 
tov\ar<is w liicli the waters run; and the Drill of a current 
is the rate it runs an luuir. 

Currents in tie* sea, are either iialural and general, os 
arising Irom the diurnal rotation of the earth on its axis, 
or'the tides, &c ; or accidental and particular, caused by 
the waters being driven .niiainsf promotitories.or into gulphs 
and streights; whence they are forced back, and thus dis* 
turb the iiutiintl flux of the sea. 

'Flic currents are so violent under the equator, where 
the motion of the earth is greatest, that they burry vessels 
very speedily from Africa to America, but absolutely pre¬ 
vent their return the same way : so that ships arc forced 
to run as far as the 40th or 45th degree of north latitude, 
to fall into the return of the current again, to bring them 
home to Europe. It is shown by Governor Pownal, that 
this etirrent performs a continual circulation, setting out 
from the Guinea coast in Africa, for example, thence 
crossing straight over the Atlantic Ocean, and so setting 
into the Gulph of Mexico by the soulli side of it; then 
sweeping round by the bottom of the Gulph, it issues out 
by the north side of it, and thence takes a direction north¬ 
easterly along the coast of North America, till it arrive 
near Newfoundland, where it is turned by a whirling mo¬ 
tion backward across the Atlantic again, upon the couts 
of Europe, and thence southward to the coast of Africa, 
from which it commenced. 

In the streights of Gibraltar, the currents set in by the 
sfAith side, sweep along the coast of Africa to Lgj'pt, by 
Palestine, and return hy the northern side, or European 
coasts, and issue out again by the northern side of the 
streights. In St. George’s Channel too they usually set 
eastward. 'I'lu' groat violence and danger ol the sea in the 
Streiglits^of Magellan, is attributed to two contrary cur¬ 
rents setting in, one from the south and the other from 
the north sea. 

Currents are of some consideration in the art of navi¬ 
gation, as a shipjs either accelerated or retarded by.lhcm 
in her course, according ns the set is with or against the 
ship's motion. If the ship sail along the diiecllon of a cur¬ 
rent, it is evident that the velocity of the current must be 
added to that of the vessel as observed by the log, because 
in this estimation the water is supposed to he at rest; but 
if her course be directly against the current, it must for 
the same reason be subtracted: and if she sail athwart it, 
her motion will be compounded with that of the current; , 
and her velocity augmented or retarded, according to the 
uiigle of her direction with it; that is, she will proceed In 
the diagonal of the parallelogram formed according to the 
two lines of direction, and will describe or pass over that 
diagonal in the same time in which she would have de¬ 
scribed either of the sides, by the separate velocities. 

For suppose A BDC be a parallelogram, 
the diagonal of which is ad. Now if the 
wind alone would drive Uic ship from a 
to B, in the same time as the current 
alone would drive it from A-to c: then, 
as the wind neither helps nor hinders the 
ship from coming towards the line CD, the 


current will bring it there in the same lime as i (the 
wind did not act; and as the current neither helps nor 
hinders the ship from coming towards the line b d, the wind 
will bring it there in the same time as if the current did 
not act: therefore the ship must, at the end of that time, 
be found in both those lines, that is, in their meeting D; 
consequently the ship must have passed from a to d in the 
diagonal aD. See ComI'OSITIoN of Forces. 

See the Sailing in Currents largely exemplified 4n Ro¬ 
bertson’s Navigation, vol. 2, book 7, seel. 8. 

CuRBENTS, Under, arc those currents which run at a 
certain depth below the surface of the water, and in a 
contrary direction. Dr. Smith, in the 14lh vyl. of the 
Philosophical 'Iransactions, relates an experiment made 
in the Baltic Sound, which was communicated to him by 
an able seaman, who was present at the time it was made. 
Being at that place in one of his majesty’s frigates, they 
went with their pinnace into the mid-stream, where they 
were carried away violently by the current. But having 
sunk a large basket by means of iron shot placed in it, 
and having at the same, lime a rope affixed to it, the mo¬ 
tion of the boat, which was then drifting with the current, 
was checked ; and by sinking the basket still lower and 
lower, the motion of the boat was more and more re- 
Urded, until it was finally driven in a contrary direction 
to that of the upper current, which last did not appear to * 
extend to a greater depth than that of four or five fa¬ 
thoms; and as the upper current was stronger, the nearer 
it was to the surface; so the under current appeared to 
be more rapid, as the depth increased. Dr. Smith derives 
another argument in favour of an under current at the 
Straits, from the ossing between the north ond south 
Foreland, where it runs tide and half tide; vix, it is either 
ebb or flood in that part of the Downs, three hours l»for« 
it is so off at sea; a certain sigm that, though the tide of 
flood runs above, tiic tide of ebb mu.st run below, that is, 
close to the ground ; and on the contrary, when it is ebb 
tide above, it will be flowing below. 

CuRREKTS t(f Air. See Wind. 

CURSOR, a small piece of brass iic, that slides; as, 
the piece in an equinoctial ring dial that slidbs to the day 
of the mouth; or the little ruler or label of brass sliding 
ill u groove along the middle of another label, representing 
the horizon in the analcroma; or the point that slides 
along the beam compass; &c. 

CURTATE Distance, is the distance of a planet's place 
from the sun, reduced to the ecliptic; or, the intcn-al be¬ 
tween the sun and that point where a perpendicular, let 
fall from the planet, meets the ecliptic. 

CURTATION, the interval belwei-n a planet’s distance 
from the sun, and the curtate distance. From the fore¬ 
going article it is easy to find the curtate distance; whence 
the manner of constructing tables of curtation is obvious;. 
the quantity of inclination, reduction, and curtation of a 
planet, depending on the argument of latitude. Kepler, in * 
bis Rodolphihe Tables, reduces the tables of them ail into 
one, under the title of Tabuls Latitudinaris. 

CURTIN, Curtain, or Covrtinb, in Fortification, 
that part of a wall or rampart that joins two bastions, or 
lying bctwcM the flank of one and that of another.—The 
curtain is dually bordered with a parapets feet high; 
behind whidh the soldiers stand to Are upon the covert- 
way, and into the moat. 

CURVATURE qfo Iabc, is its bending, or flexure; by 
which it becomes a curve, of any peculiar dbnn and pro- 
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pcrlics. Thus, llic nature of the cun-ature of a circle 
»ucl),as that every point in the iK-riphcry is eqaally distant 
from a point within* called the centre; and so the curva¬ 
ture of the same circle is every where the same; but the 

curvutuiv ill all other curves is continually varying._The 

curvature of u circle is so much the more, as its radius 
is less, being always reciprocally ns the radius, for the 
curvature of a circle is its deviation from the tangent in a 
very sinull arc ; and this deviatinn is equal to the versed 
sine of the arc, wliich is reciprocally a-, the radius. And, 
ill like milliner, (he curvature of other curies is measured 
by the reciprocal of the radius of a circle having the same 
degree of curvature as itself, at some certain point. 

luvt ry curve recedes from its tangent by its curvature, 
the measure of which is the same us that of the angle of 
contact formed by the curve and tangent. Now the same 


For example, let emji be any curve, to which £t is a 
tangent at the point e ; then let there 
be always taken mt : kt : : et : tk, 
and through all the points k draw 
the curve bkp; then from the point 
of contact E draw eb parallel to the 
ordinate tk, meeting the last curve 
in fl; and tinally, describe a circle 
ERUB through the point b and touch¬ 
ing ET in E; and it shall be (he oscu- 
latory circle to the given curve emh. 

And the contact of em and er is al¬ 
ways the closer, the less the angle KBg is, 

Fluxions, ait.36‘6‘. 



See Maclaiiriii’> 



tangent A B is common to an 
infinite number of circles,or 
other Clines, all touching it 
and each other in the same 
point of coniact c. So (hut 
any curve dce may be touch¬ 
ed by an iiitinito number of 
dilfcreiit circles at the same 
point c; and some of these circles fall wholly within it, be¬ 
ing more curved, or having a greater curvature than that 
curve; while others fall without it ne.-ir the point of con¬ 
tact, or between the curve and tangent at that point, and 
being thus less deflected from the tangent than the curve 
15, they li.tvc a less degree of curvature there. Conse¬ 
quently there is c tie, of this infmile number of circles, 
which neither falls below it nor above it, hut, being 
equally deflected from the tangent, coincides with it mosT 
inlimntcly of all the circles; and the radius of (his circle 
is called the Radius of Curvature of the curve ; also the 
circle itself is called the Circle of Curvature, or the 
Osculatory circle of that curve, because it touches it so 
closely that no other circle can he drawn between it and 
the curve. 

As a curve is separated from its tangent by its flexure 
or curvature, so it is separated from the osculatory circle 
by the increase or decrease of its curvature; and as its 
curvature is greater or less, according as it is more or less 
Hrflected from the taugent, so the variation of curvature 
is greater or less, according as it is more or less separated 
trom the circle of curvature^ 

It appears however, from the demonstration of gtomc* 
tricians, that circles may touch curve lines in such 
ncr, that there may be indefinite degrees of more or Jess 
intimate cuiilact between the curve and its osculatory feir-* 


Hence it follows, that llic contact of the curve emu 
and its o&culatory circle, is closest, when the cutnc bk 
touches the arch bq in b, the angle bet being given; and 
it is farthist Irom this, or most open, when bk touctuN 
the right line be in d. 

Hence also there may l>e indefinite degrees of more and 
more intimate contact between a circle and a cur\'c. The 
first degree Js wlien the same right line touches them both 
in the same point; and a contact of this sort may take 
place between any circle and any arcli of a curve. The 
2 d is when the curve emu and circle erb have the same 
curvature, and the tangents of the curve bkv and circle 
BQE intersect each other at b in any assignable angle. 
Ihe contact uf the curve em and circle of curvature eu 
at £, is of the 3d degree, or order, and their osculation is 
of the?d, when the curve BKV touches (he circle bqe at 
n, but so a.s not to have the same curvature with it. 
The contact is of the 4th degree, or order, and their oscu* 
lation of the 3d, when the curve bkf has the same curva* 
lure with the circle bqe at B, but so as that their contact 
is only of the 2d degree. And this gradariou of more and 
more intimate coniact, or of approximation towards coin¬ 
cidence, may be continued indefinitely, the contact uf em 
und BR at E being always of an order two degrees closer 
than that of bk and uq at b. There is also an indefinite 
variety comprehended under each order: thus, when em 
and ER have the same curvature, the angle formed by the 
tangents ol bk and bq admits of indefinite variety, and 
the contact of em and er is the closer the less that angle 
is. And when that angle is of the same magnitude, the 
contact of em and eu is the closer, the greater the circle 
of curvature is. When bk and Bg touch at b, they may 
touch on the same or on dificrent sides of their common 
tangent; and the angle of contact kbq may admit of the 
same variety with the angle of contact meu ; but as there 
IS seldom occasion for considering those higher degrees of 
more intimate contact of the curve emu and circle of 


cle; and that a conic section may be dccribod that shall . .. emu ami circle of 

have the same curvature with a given line at agi.ven point, curvature erb, Maclaurin calls the contact or osculation 
and the Mmc variation of curvature, or a contact of the of the same kind, ivhcn. the chord e d .iiid aneU- bet beins 
same kind with the circle of curvature. given, the angle contained by the tangents o( bk and bq 

If we conceive the tangent of any proposed curve to be is of the same magnitude. ® 


a bw, and that a new line or curve be described, whose 
ordinate, on the same base or absciss, is a 3d proportional 
to the ordinate and base of the first; this new curve will 
determine the chord of the circle of curvature, by* its in* 
with the ordinate at the point of contact; and 
it will also measure the variation of curvature, bymeans 
of the tangent of the angle in which it cuts that circle: 
the less (bis angle is, the closer is the contact of the cune 
and circle of curvature; and of this contact there may be 
mdcnnite degren. 


When the curvature of emh increases from e towards 
n, and consequently corrc-spomls to that of a circle gradu¬ 
ally less and less, the arch em falls srithin er, the arch of 
the osculatory circle, and bk is wiihiii bq. The con- 
Irary happens when the curvature of bm decreases from b 
towards it, and consequently corresponds to that of a 
r ** gradually greater and greater, the arch 

''^thout EU, and bk is without bq. And ac¬ 
cording as the curvature of em varies more or less, it is 
more or less unlike to the uniform curvature of u circle* 
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tlK* orch of the curve vmu separates m<ire or less from the 
arch of the <»culatory circle ekb, and the angle coniained 
by the taugcj)(> of hkk and dqe at n, is crcnier or less. 

'I bus the (juality of curvature, as it is called by Newton, 
dep('nd> on ih<* angle Contained by the tangents of hk and 
ng at u ; and the tnensure of the inequability or variation 
of curvature, is as the tangent of this angle, the radius be¬ 
ing given, and the angle bet being a right one. 

'I’he radii of curvature of similar arcs in similar figures, 
arc Ml the same ratio as any homoitjgous lines of these* 
figures; and the Nariation of curvature is the same. See 
Maclaurin, art. 370. 

When the proposed curve F.>il! is a conic section, the 
new line iikf is also a conic section; and it is a right line 
when EMU is a parabojn, lu the axis of which the ordi¬ 
nates tk arc jiarallel. hkf is also a right linewjicn emu 
is an hyperbola, to one asymptote of which the ordinate 
TK is parallel. 

When the ordinate En, at the point of contact e, in¬ 
stead of meeting the new curve bk, h an asymptote to it, 
the curvature of km is less than in any circle; and this 
is the case in which it is said to be infinitely small, or 
that tlie radius of curvature is infinitely great. And of 
this kind is tlic curvature at the points uf contrary flexure 
in linos of the 3d order. 

Wiicn the curve uk passes through the point of contact 
e; the curvature is greater chan in any circle, or the ra¬ 
dius of curvature vanishes; and in this case the curvature 
is said to be infinitely great. Of this kind is the curvature 
at the cusps of the lines of the 3il order. 

As to the degree of curvature in linesuf the3<l and higher 
orders, sec Maclaurin, art. 379; art. 380, when the 
proposed curve is mcchnnical. 

As curves which pass tlirougli the same point have the 
same tangent when tfie first fluxions of the ordinates are 
equal, so they have the same curvature when the 2d fluxions 
of the ordinate are likewise equal; and half the chord uf 
the osculatory circle timt is intercepted between the points 
where it intersects the ordinate, is a Sd proportional to the 
right lines that measure tlic 2d fluxion of the* ordinate and 
first fluxion of the curve, the base being su|)]>ose(i to flow 
uniformly. When a ray revolving about a given point, 
and terminated by the curve, becomes perpendicular to it, 
the first fluxion of the radius vanishes; and if its 2d 
fluxion vanish ut the same time, that point must be the 
centre of curvature. Thu same may be said, when the 
angular motion of the ray about that point is equal to the 
uiigular motion of the tangent uf the curve; ns the an¬ 
gular motion of the radius of a circle about its centre is 
always equal to the angular motion of the tangent of the 
circle. Hence the various prupertiei of the circle may 
suggest several theorems for determining the centre uf 
curvature. 

See art. 396 of the said book, also the following, con¬ 
cerning the curvature of lines that arc described by means 
of right lines revolving about given poles, or of angles 
that either revolve about such poles, or are carried along 
fixed lines. 

It is to be observed that, as when a right line intersects 
an arc of a curve in two points, if by varying the position 
of that line the two intersections unite in one point, it then 
becomes the tangent of the arc; so when a circle touches 
a curve in one point, and intersects it in another, if, by va- 
rying the centre, this intersection join the poiht of contact, 
the circle has then the closest contact with the arc, and be* 


comes the circle of curvature; but it still continues to in- 
Icrsi'Ct the curve at the same point where it touches it, that 
is, whore the ^mc right line is their common tangent, un- 
IcvH another inlcrsc*ction join that point at the same lime. 
In general, the circle of curvature intersects llic curve at 
the poMU of oscululion, only when the numbiT of the sue- 
cessiic orders of fluxion^ of the radius pf curvature, that 
vanish when this radius comesjo the point of osculation, is 
au even number. 

It this boi*n supposed by some, that two points of con¬ 
tact, or four intersections of the curve and circle of curva¬ 
ture, must join to form an osculation. But Mr. James 
Bernoulli justly insisted, that the coalition of one point of 
contact and one intersection, or of three intersections, was 
sufficient. In which cose, and in g<*ncral, when uii odd 
number of intersections only join each other, the point 
where they coincide continues to be an intersection of the 
curve and circle of curvature, as well as a point of tbeic 
mutual contact and osculatiou. See Maclaurin's Flux, 
art. 49 s. 




From these principles may be determined the circle of 
curvature at any point of a conic section. Thus, suppose 
ABMiiG beany conic section, to the point b of which the 
circle or radius of curvature is to be found. Let et be a 
tangent at f, and draw eob and the tangent 111 parallel to 
the chords of the circle of curvature; then take eb to 
as Bi^ fo iji*; or, when the section has a centre 0 , as in 
the ellipse and hyperbola, as the square of the S4*mi-diamc- 
ler oa parallel to ct, is to the square of the seini-.diamc* 
tor OA parallel to eb; and a circle eb described on the 
chord eb that touches bt, will he the circle of curvature 
sought. 

When BET is a right angle, or r.B is the diameter of the 
circle of curvature, eo will be the axis of the c<juic section, 
and EB will be the parameter of this axis; also when the 
point G, where the conic section cuts p.b, and the point 
B, are on the same side of e, then p.mo will be pn ellip$U» 
and KG the greater or less axis, according as eg is greater 
or less than bb» 

The propositions relating to the curvature of the conic 
sections, cortimonly given by 'authors, follow without 
much difficulty from this construction. . 

1. When the chord of curvature, tlius found, passes 
through the centre of the conic section, it will tbcnr be' 
equal to the parameter of the diameter that passes through 
the point of contact. 

.. 2. The square uf the semi-diamrter oo, is to the reel* 
angle of half the transverse and half tlfc conjugate axis, m 
the radius of curvature ce is to oa. And therefore the 
cube of the sc*mi-diaineter oo, parallel to the tangent et, 
is equal to the solid contained by the radius of curvature 
C£t and the rectangle of fhe two semiaxes. 

3« llic perpendicular to either axis bisects tho angle 
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made by the chord of curvaiure, and the common tangent 
of the conic section and circle of curvature. 

4. The chord of the osculatory circle that' passes 
through the focus, the diameter ccmjugate to that which 
passes through the point of contact, and the transverse 
axis of the figure, are in continued proportion. 

5. When the section is an ellipse, if the circle of curva¬ 
ture at E meet oa in d, the square of Ed will be equal to 
twice the square of oa. Hence Ed :oa: :^2 : 1 . Which 
gives an easy method ofdetermining the circle of curvature 
to any point E, when the semi-diameter oa is given in 
magnitude and position. 

Several other properties of the circle of curvature, and 
methods of determining if, when the section is given; or 
vice versa, of determining the section when the circle of 
curvature is given; may be seen in Maclaurin’s Flux, art 

37o. l>cealsotheAppendixtoMaclaurin'sAlgcbra,sect. 1 . 

Jo determine the Radius and Circle <if Curcaiure hu the 
Jrfethod of Pluiions. Let aec be any curve, concave to¬ 
ward Its axis AD; drr.w an ordinate de. to the point e 
where the curvature is required to be found ; and suppose 
EC perpendicular to the curve, and equal to the radius of 
ho circle EEC of curvature sought; lastly, draw Ed paral¬ 
lel to AD, and de parallel and indefinitely near to de ; 
thereby making zd the fluxion or increment of the absciss 
AD, also <U the fluxion of the ordinate Dh, and te that of 
Ih^curvc AE. Nowpulx=eAD,y = DE.8 = AE,and 
r == CE the railius of curvature; then is zd = xrde=i 
and ze s Cl. 

Now, by sim. iri. the 3 lines 
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luc of the radius of curvature for any point e, the ordinate 
to which cuts off the absciss a d = i. wronute 

Hence, when x or the absciss is nothing,the last expres¬ 
sion becomes barely ^ 

valure at the vertex otthe parabola; that is, the diameter 
of the circle of curvature at the vertex of a parabola is 
equal to a the parameter of the axi^. ^ * 

See CiRCtE o/Curoaiure 
f'ariation o/CuKVAxunE. Sec Variation. 

DoaWe Curvature. IS used for the curvature of a line 
Ivh.ch twists so that all the parts of it do not lie iV the 

CURVE a rtumb-line, or loxodromic curve. 

tend different ways; in opposition to^a sirai^^hnf aH 
whose parts have the same course or dirreutm^ 

o. Jr and solids co- 

geoliy the high^ 

In a curve, the line ad, which 
bisects all the parallel lines tin, 

IS called a Diameter; and the 
point A, where the diameter meets 
the curve, is called the Vertex : if 
AD bisect all the parallels at right 
angles, it is called the Axis, fbe 
parallel lines six are called Ordi- 

AS* ... * 
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by these three quantitiesa 

'OC- OB/ CB 

it becomesyi - xy — Qf ^ 


furl' -d B"i;:vc'th?saL:crr;i 

»!, * *** the point E, their abscisses and ordinates have 

. length of AD and bo, and de orj is the flu.xion both of 
DEand oE.In the above equation therefore substitute i 
for BO, andy for 6 e, and it becomes 

OC.X — XX =;OE .V -I-^, 

•T 111 • S ^ OE « y S r* or B* 

Now mult, the three terms of this cqiiUon respiriivelv 

7^*wbicharecqual,aDd 

which is the general value of the radius of curvauTrTfor 

all curves whatever, in terms of the fluxions of the absciss 
aud ordinate* 

cither X ory may be supposed 

or .o^’ *** n “'’u" * quamities, 

A ®«PPO»i‘io>* either of the 

t^ vanish. Syhat when x is constant, the value of r is 
3 ^, blit s; when> is constant. 

dius *“‘’*^“* '* required to find the rn- 

curve i« AO—Now the equation of the 

curve IS ax ssy*; hence ai s Sifll, and a? = sunnr> 
singy constant; hence r or <r, suppo- 

VoL, I. 
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natcs.orApplicates; and their halves, pm,ot PN,Semi-ordi. 

nates. The port ion of the diameter a f, between the vcrtcx.or 
ny other fixed point, and an ordinate, is called the AU 
sciss: also the concourse of all the diameters, if they meet 

all HI one point. IS the Centre. This definition of the dia¬ 
meter, as bisecting the parallel ordinates, respects only the 
conic sections, or such curves as are cut only in two points 
by the ordinates; but in the lines of the 3d order, which 
may be cut m three points by the ordinates, then thedia- 
meter IS that line which cuts the ordinates so, that the 
sum of the two parts that He on one side of it, shall be 
equal to the part on the other side: and so on for cunes 

one side of the diameter, being always equal to the sum of 

the parts on the other side of it. 

Curve lin« are distinguished into Algebraical or Geo- 
mctncal, and Transcendental or Mechanical 

the G«««rica/ Curves, are those in which 

the relation of the abscisses ap, to the ordinates pm, can 
be cxj>rc«ed by a common algebraic equation. 

And TFoiuce^cfl/o/ or Mechanical Cuives, arc such as 

anIJh“; ZS, « 
absciss ap=x, and the ordi¬ 
nate rM=y; then, because 
the nature of the circle is such, 

that the rectangle AP X pb is 

always = mi', Uiercforc the 
equation is *■. ( 2 r — xS —. 
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curve, winch is therefore an algebraical or geometrical 
Hne. Or.supposecp =x;^tbcniscM* - cp‘= PM%ibui 
^ — J' ; which is another form of the equation 


of the cune. 


3D 



cun [ 

I he tioctrhic of curve lines in goneral, as expressed by 
algcl)raical equations, was first introduced by Descarl«, 
wbo culled algebraical curve-s geometrical ones; as admit¬ 
ting none else into the construction of problems, nor con¬ 
sequently into geometry. But Newton, and after him 
Leibnitz and Wollius, are of another opinion ; and think, 
that in the construction of a problem, one curve is not to 
bo preferred to anutber for its being defined by a more 
simple equation, but fur its being more easily described. 

Algebraical or geometrical linw arc best distinguished 
into orders according to the number of dimensions of the 
equation expressing the relation between its ordinates and 
abscisses, or, which is the same thing, according to the 
number of points in wliich they may be cut by aright line. 
And curves of the same kind or order, arc those whose equa¬ 
tions rise to the same dimension. Hence, of the first or¬ 
der, there is the right line only ; of the 2d order of lines, 
or the first order of curves, arc the circle and conic st‘C- 
lions, being 4 species only, via, dx — the circle, 

— j’) =y the ellipse, (rfjr x*) =/the hy¬ 
perbola, anti dx = y the parabola; the lines of the 3d 
order, or curvesof the 2d order, are expressed by an equa¬ 
tion of the 3d degree, having three roots; and so on. Of 
these lines of the 3d order, Newton wrote an express trea¬ 
tise, under the title of Ilnumcratio Lincarum Tertii Ordi- 
nis, showing their distinctive characicn and properties, to 
the number of 72 different species of curves:‘but Mr. 
Stirling afterwards added four more to that number; and 
Mr. Nic. Bernoulli and Mr. Stone added two more. 

Curves of the 2d and other higher Arinds,Ncwton observes, 
have parts and properties similar to those of the 1st kind : 
Thus, as the conic sections have diameters and axes ; the 
lines bisected by llu-se are ordinates; and the intersection 
of the curve and diameicr, the vertex : so, in curves of the 
2 d kind, any two parallel right lines being drawn to meet 
the curve in 3 points; a right line cutting these parallels 
so, as that the sum of the two parts between the secant 
and the curve on one side, is equal to the 3d part termina¬ 
ted by the curve on the other side, will cut, in the same 
manner, all other right lines parallel to these, and that 
meet the curve in three points, that is, su as that the sum 
of the two parts on one side, will still be equal to the dd 
part on the other side. 'I'hese three parts therefore thus 
equal, may he called Ordinates, or Applicates; the cut)- 
ting line, the Diameter; and where it cuts the ordinates 
at right angles, the Axis; the intersection of the diameter 
and the curve, the Vertex; and the concourse of two di¬ 
ameters, the Ci’ntrc; also the concourse of all the diame- < 
ters, the Common or General Centre. 

Again, ns an hyperbola of Uie first kind has two asym¬ 
ptotes ; that uf the 2d has 3; that of the 3d has 4; &c : 
and as the parts of any right line between the conic hyper* 
boln and its two asymptotes, are equal on either side; so, 
ill hyperbolas of the 2d kind, any right line.cutting the 
curve and its three asymptotes in three points; the sum 
of the two parts of that right line, extended from any two 
asymptotes, the same way, to two points of the curve, will 
he equal to the 3d part extended from the 3d asymptote, 
the contrary way, to the 3d point of the curve. 

Again, as in the conic aectiona that arc not parabolical, 
the square of on ordinate, i.c. the rectangle of the ordi¬ 
nates drawn on the contrary sides of the diameter, it to 
the rectangle of the parts of the diameter terminated at the 
vertices of an ellipse or hyperbola, id the same proportion 
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as a given hae called the latus rectum, is to that part of 
the diameter which lies between the vertices, and called 
the latus traiisversum ; so, id curves of the 2d kind, not 
parabolical, the product under three ordinates, is to the 
product under the three parts of the diameter cut off at 
the ordinates and the three vertices of the figure, in a 
given ratio : in which, if there bo taken three right lines 
situated at the three parts of the diameter between the ver¬ 
tices of the figure, each to each ; then these three right 
lines may he called the Latera Recta of the figure; and 
the parts of the diameter between the vertices, the Latera 
Transversa. 

And, as in a conic parabola, which has only one vertex 
to one and the same diameter, the rectangle under the or* 
dinates is equal to the rectangle under the part of the 
diameter cut off at tlie ordinates and vertex, and a given 
right lino called the latus rectum : so, in curves of the 2d 
kind, whicli have only two vortices to the same diameter, 
the product under three ordinates, is equal to the product 
under two parts of the diameter cut off at the ordinates 
and the two verliees, and a given right line, which may 
therefore be called the I. 4 itusl ransversum. 

Further, as in the conic sections, where two parallels^ 
terminated on each side by a curve, arc cut by two other 
parallels terminated on each side by a curve, the 1st by 
the Sd, and the 2d by the 4th; the rectangle of the pans 
of the Isl is to the rectangle of the parts of the 3d, as that 
of the 2d U to that of the 4th} so, when four such 
right lines occur in a curve of the 2d kind, each in three 
points; the product of the parts of the Isl, will bo to that 
of the parts of the 3d, as that of the 2d to that of lhe4tli. 
Lastly, tbc legs of curves, both of the 1st, 2d, and 
higher kinds, are cither of the parabolic or hyperbolic 
kind: an hyperbolic leg being that which appwaches in¬ 
finitely towards some asymptote; and a parabolic one, that 
wbrdi has no nsymplotc. 

These logs arc best distinguished by their tangents; 
for, if the point of contact go off to an infinite distance, 
the tangent of the hyperbolic leg^will coincide wiih the 
asymptote; and that of the parabolic leg, recede infinitely, 
and vanish. Therefore the asymptote o^any leg is foui^, 
by seeking the tungent of that leg to n point infinitely m- 
stnnt; and the direction of an infinite leg is found, by 
seeking the position of a right line paralicl to the tangent, 
where tbc point of contact is infinitely remote, for ibis 
line tends irat way towards which the infinite leg is di- 
reclcda 

Reditciion q/* Curves q/* rAe 2rf WaA 
^ Newton reduces all curves of the 2d kind to four cases, 
of equations, expressing the relation between the ordinate 

and absciss, viz, . . • ' j 

in the 1st case, xy^ ^ ^ or ^ bx •h cx ^ d\ 

in the 2d, • jy = ajr* - 4 - ^ cx d i 

ID the 3d, - ^bx^-hcx ^ dj 

in the 4th, y 

See Newton's Enumaratio, sect. 3; and Surlinga Linc«t 
p. 83. 

Enumeration tflhe Curves qf the 2d kind. ^ 

Under these fourcasea, the author brings agreatnum¬ 
ber of different forms of curves, to which he gives differciU 
uames. An hyperbola lying wholly within.lhe angle of 
the asymptotes, like a conic hyperbola, he calk an In¬ 
scribed Hyperbola; that* which cuts the asymptotes, and 
contains the parts cut off within its own periphery,* 
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Circumscribed Hyperbola; that which lias one of its in¬ 
finite legs inscribed and the other circumscribed, he calls 
Ambigenal; that whose legs ttfhd towards each other, and 
arc directed the same way. Converging; that where they 
tend contrary ways. Diverging; that where they arc con¬ 
vex difterent ways, Cross-lr^ged ; that applied to its 
asymptote with a concave vertex, and diverging legs, Con- 
choidal; that which cuts its asymptote with contrary 
flexures, and is produced each way into contrary legs, 
Anguineous, or Snake-like ; that which cuts its conjugate 
across. Cruciform; that which returning around cuts 
itself, Nodated ; that whose parts concur in the angle of 
contact, and there terminate, Cuspidated; that whose con¬ 
jugate is oval, and infinitely small, i.e. a point, Pointed ; 
that which, from the impossibility of two roots, is without 
either oval, node, cusp, or point, Pure. And in the same 
manner he denominates a parabola Converging, Diverging, 
Cruciform, &c. Alsu when the number of hyperbolic legs 
exceeds that of the conic hyperbola, that is more than two, 
he calls the hyperbola Redundant. 

Under those 4 cases the author enumerates 72 different 
curves: of these, 9 arc redundant hyperbolas, without di¬ 
ameters, haying three asymptotes including a triangle ; the 
first consisting of three hyperbolas, one inscribed, another 
circumscribed, and the third ambigenal, with an oval; 
the 2d, nodated ; the 3d, cuspidated ; the 4tb, pointed ; 
the 3th and filh, pure; the 7th and 8 th, cruciform ; the 
9th or last, anguineal. There are 12 redundant hyper¬ 
bolas, having only one diameter: the Ist, oval; the 2 d, 
nodated; theSd, cuspidated; the 4thtpointed; 5 th, 6 th, 
7th, and 8 th, pure; the-9lh and lOth, cruciform; the 
llth and I2lh, concboidal. And to this class Stirling 
adds 2 more. There are 2 redundant hyperbolas, with 
three diameters. There are 9 redundant hyperbolas, with 
three asymptotes converging to a common point; the 1 st 
being formed of the 5tli and 6 th redundant parabolas, 
whose asymptotes include a triangle; the 2 d formed of the 
7th and 8 ih ; the 3d and 4th, of the 9ih; the 5th is form- 
CO of (be 5ih and of the redundant hyperbolas^ with 
one diameter; the fth, of the 6 th and 7 th; the 7 th, of the 
8 lh and 9lh ; the 8 th, of the lOth and Uth; the 9tb, of 
13th j all which conversions are effected, by 
diminubing the triangle comprehended between the asym¬ 
ptotes, till it vanish into a point* 


mei'^ion is imperfect, the former having added four new 
species of cut^'i*s to the number, and the latter two, or 
rather these two were rirst noticed by Mr Nic. Bernoulli. 
Also Mr. Murdoch and Mr, Geo. Sanderson have found 
some new species; though some persons dispute the reality 
of them. See the Genesis Curvurum per Umbras, and the 
Ladies Diary 1788 and 1789, the prize question. 

Orgnnical Dacription qf CvR\t%.^SiT Isaac Newton 
show's that curves may be generated by shadows. He says, 
if upon an inhoite plane, illuminated from a lucid point, 
the shadows of figures be projected ; (lie shadows of the 
conic sections will always be conic sections; those of the 
curves of the 2 d kind, will always be curves of the 2 d 
kind ; those of the curves of the 3d kind, will always be 
cuFNcs of (he 3d kind ; and so on ad infinitum. 

And, like as the projected shadow of a circle ge nerates 
k • sections, so the 5 diverging parabolas, by 

their shadows, will generate and exhibit all the rest of the 
curves of the 2 d kind : and thus some of the most simple 
curvw of the other kinds may be found, which will form, 

ill upon a plane, projected from a lucid 

point, all the other curves of the same kind* And in the 
Lrencb Memoirs may be seen a dcinonstfation of this pro¬ 
jection, with a specimen of a few of the curves of the 2 d 
order, which may be generated by a plane cutting a solid 
formed from the motion of an infinite right line along a 
diverging parabola, having an oval, always passing through 
a given or fixed point above the plane of that parabola* 
The above method of Newton has also been pursued and 
illustrated with great elegance by Mr. Murdoch, in his 
treatise entitled Newtoni Genesis Curvarum per Umbras, 
sen Pcrspcciivaj Universalis Klcmenta. 

Mr. Maclaurin, in his Gcometria Organica, shows how 
to describe several of the species of curves of the 2 d order, 
especially those having a double point, by the motion of 
right lines and angles: but agood commodious description 
by a continued motion of those curves which have no 
double point, is ranked by Newton among tlic most diffi- 
cult problems* Newton gives also other methods of de¬ 
scription, by lines or angles revolving above given poles; 
and Mr* Brackenridge has given a general method of de¬ 
scribing curves, by the intersection of right lines moving 
about points in a given piano* Sec Philos. Trans. No. 437, 


Six arp Anfnrt;^^ I "i u • j- I particular cases are 

1st oval • the no diameten: the .demonstrated in his Exerc. Gcomclrica de Curvarum De¬ 

ist, oval, the 2d, nodated ; the 3d, cuspidated ; the 4lb, scnptjonc. 

pointed; the 5th, pure; &c. Cunvzs above the 2d Order, The miraber of species in 

‘I'ff t'ye hypejb^^^ the the higher orders of curves increase amasinely, 0,^6 of the 

Ist and 2 d, concboidal, with an oval; the 3 d, nodatedv -•* •• •*-- - 

the 4th, cuspidated, which is the cissoid of the ancients; 
the 5th and 6 ih, pointed; the 7th, pure. 


Seven are parabolic hyperbolas, having diameters: the 
1st, oval; the 2d, nodated ; the 3d, cuspidated ; the 4tb, 
pointed; the 5th, pure; the 6 th, cruciform; tbe7ib,an- 
guincous. 

Four are parabolic b^'perbolas; four arc hyperbolisms 
of the hyperbola: three,hyperbolas of the ellipsis; two, 
hyperbolisms of the parabola. 

Six, are diverging parabolas; the 1 st, a trident; lbe 2 d, 
oval; Uie dd, nodated ; the 4tb, pointed ; the 5 th, cus¬ 
pidated (which is Ncirs narabola, usually called thesemi- 
cubical parabola); the dih, pure* 

caUed the cubical parabola** 

Mr. Stirling and Mr. Stone luive shown that this onu* 
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3d order only tt is thought amounting to some thousands, 
»“^'^o"'Pr«*‘cnded under the following ten particular equa- 


viz, 1 . y^ 


or 

2 . 

or 

3. 

or 

4. 

or 

5. 

or 

6 . 

or 

7. 


or 

or 


8 , 

p. *5- 


-H/xy 

•♦‘/■rjr 

H-/y 

+/y 

-4-/xy* 

H-fxy* 

bx^ 

•f. ex^jf 




or 10 . r’y + ^ 


ax 


6 jr« 


-g^y 

•gy^ 

-g^y 

■g^ 

- CJ* 

■fxy^ 

Ay* 

•A* 

cr 


hy 

hry 


hxy 




Ay. 

hy 

dz e; 
gjy^ H- hy* 

gy* + Ajy 
giy ■+■ by, 

g*y 

d* 

Those who wiih to see how far this doclrinc has been 
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nr)vrvnccfl» wiili regard lo curves of ihc higher orders^ a$ 
well AS those of ihv 1st and 2d ordcR, may consult Mr* 
Maclaurin's Gcomelria Organica, and Brackenridge's 
Excrc. Grom. 

All geometrical lines of the odd orders, viz, the 3d, 5th, 
7 tb, have at least one leg running on infinitely; be- 
oetise all equations of tlie odd dimcnsiims have at least one 
real mot. But vast numbers of the lines of the even orders 
arc only ovals; ainon;/ wliich there arc several having very 
pretty figures, some bring like single hearts, some double 
ones, some resembling fiddles, and others again single 
knots, double knots, &ic» 

Two geometrical lines of any order will cut each other 
in as many points as «ire denoted by the product of the 
two numbers expressing those orders. 


RMiJication, InfUctim, Quadrature, of Cuitres* 
See the respective terms. 

Curve a Double Curraiure^ is a curve of which all iu 
parts are not in the seme plane. 

A curve which can be traced upon a curve surface, and 
not upon a plane, is called a curve of double curvature: 
These kinds of curves may be considered as generated by 
the motion of a point upon a curve surface, provided the 
duration of its motii^i be not Constaiilly in the same plane: 
for, except in the latter case, it is evident that the line so 
described is curved in two ways; that is, it partakes of 
the curvature of the surface, and of the continual and 
successive defiections of the describing point. Or, we may 
consider those curves as generated by the motion of 1 
variable ordinate along any curve line regarded ns an 


The theory of curvts forms a considerable branch of absciss. 


the mathemsuical sciences. Those who arc curious of ad¬ 
vancing beyond the knowledge of the circle and the conic 
sections, and to consider geomelrical curves of a higher 
nature, and in a general view, will do well to study Cra¬ 
mers Inlnuluction a TAnalyse dcs Lignes Courbes Algc- 
braiques. which the learned and ingenious author com¬ 
posed for the use of beginners. There is an excellent 
posthumous piece too of Maclaurin's, printed as an Ap¬ 
pendix to Iris Algebra, and entitled De Linearum Gcomc- 
tricarum Proprictatibus Gcneralibus. The same author, 
at a very early age, gave a remarkable specimen of his ge¬ 
nius and knowledge in his Geometria Organica; and he 
carried these speculations farther afterwards, as may be 


Curves of double curvnturc* may also be formed by two 
curve surfaces penetrating each other; us is the ease when 
a sphere is penetrated by a right cylinder, if the axis of 
the latter do not pass through the centre of the former. 

In the rectification of those curves, they may be const* 
dered as projected, first, upon some plane, whose position 
is known; by which means apUne curve will be obtained, 
which being considered as an absciss, the rectification of 
the original curve may be deduced from the usual me¬ 
thods employed for the rectification of plane curves. 

Clairaut has published an ingenious treutUc* on<curvc9 
of a double curvature. Sec his R(5ch€rches sur les Courbes 
ik Double Courburc. Euler has also treated on this sub- 


seen in the theorems he has given in the Philos. Trans. Sec jcct in the Appendix to his Analysis Infinitorum, vol. 2t 
Abr. vol. 6. Other writings on this subject, besides the pa. 323. As likewise Lacroi.x in his Calcul Diffcrcntiel 

Ac, and other modem writers. 

Family ^fCunvB^, is an assemblage of several curves 
of diflerent kinds, all defined by the same equation of an 
indeterminate degree; but differently, according to the di¬ 
versity of their kind. For example, Suppose an equation 

of an indeterminate degree, 'x ssiy^: if-m ^ 2, then 
will ax if m ^ 3, then will a}x if m = 4, then 

is &c: all which curves are said to be of the 

same family nr tribe. 

The equations by which the families of curves arc de¬ 
fined, arc not to be confoundc'l with the troustcndcntal 
for though with regard to the whole family, they be 


Treatises on the Conic Sections, arc Archimedes de Spi- 
ralibus; Descartes Geometria; Dr. Barrow's Ixxtiones 
Geometries; Newton's ErHimcratio Linearum Tertii Or- 
dinis; Stirling's Illustratio ') ractalOs Newtoni de Lineis 
Tertii Ordini^; Maclaiirin's Geometria Organica; Brack- 
enridge's Dt^criptio Linearum Curvarum; M« de Gua's 
Usages de I'Aimlysc do Descartes; besides many other 
'I'racts on Curves in the Memoirs of several Academics Ac. 

Uee of Corves in the Construction of Et/uations. One 
great use of curves in Geomelry is, by means of their in¬ 
tersections, to give the solution of problems. Sec Con¬ 
struction, 


ones 


Suppose, ex. gr. it were required to construct the fol- indeterminate degree, yet with respect to each several 


lowing equation of 9 dimensions, 


hi' ex* 4 - rfx* -f-ex*4- (m /) •*- hx-t-k^O: 

assume the equation to a cubic parabola x^ssy, then, 
by writing y for x*, the given equation will become 
y*‘*-bxy^-t-<y*-*-di'*y-^exy-hnty-*-/j:*-i-gx*-*‘ Ax 4-i = 0; 
an equation to another curve of the 2d kind, where m or 
/may be assumed = 0 or any thing else: and by the de¬ 
scriptions and intencctiuns of these curves will be given 
the roots of the equation to be constructed. It is suflTi* 
cient to describe the cubic parabola once. When the 
equation to be constructed, by omitting the two last terms 
lix and k, is reduced to 7 dimensions; the other curve, by 
expunging m, will have the double point in the beginning 

of thc^absciss, and may be easily described os above: If algebraic curves wiH be 
it be reduced to 6 dimensions, by omitting the last three ° 
terms, gx’ 4- Ax 4- A; the other curve, by expunging /, 
will become a conic section. And if, by omitting the last 
three terms, the equation be reduced to three dimensions, 
vw shall fall upon Wallis’s construction by the cubic pa¬ 
rabola and right line. 


curve of the family, they are deti’rniinate; whereas tran¬ 
scendental equations are of an indefinite degree with re¬ 
spect to the same curve. 

All algebraical curves therefore compose a certain fa¬ 
mily, consisting of innumerable others, each of which com¬ 
prehends infinite kinds. For the equations by which 
curves are defined involve only products, either of powers 
of the abscisses and ordinates by constant coefficients; or 
of powers of the abscisses by powers of the ordinates; or 
of constant, pure, and simple quantities, by one another. 
Moreover, every equation to a curve may have 0 for one 
membdr or side of it; for example ox =ssy% by transposi¬ 
tion becomes /ix — y* = 0. Theicforc the equation for all 
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m— a 



Caiacaustic, and Diacauttic Curves. See Catacao- 
STIC, and Diacavstic. 
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ExponeTUinI Curve, is iliat which is defined by an ex- 
lK>iicntiaI equation, as ax* s:y, &c. ^ 

CvRvi.%byiheLighl, or Courbes n/o iufnjVre, a name 
given to certain curves by W. Kurdwanowski, a Polish 
gentleman. He observed that any line, straight or curved, 
exposed to the action of a luminous point, received the 
light ditferently in its different parts, according to their 
distance from the light. These different effects of the !i«.hl 
upon each point of the line, may be represented by the or¬ 
dinates of some curve, which will vary precisely with these 
effects. Priestley's Hist, of Vision, pa. 752 . 

Ugarithmic Curve, bee Logaritii mic Cune. 

Curve Rejlectoire, so called because it is the appear¬ 
ance of the plane bottom of a bason covered with water 
to an eye perpendicularly over it. In this position, the 
bottom ot the bason will app< ar to rise upwards, from the 
centre outwards; but the curvature will be less and less 
and at last the surface of the water will be an aSymptotJ 
to tt M. Mairan, who first conceived this idea from the 
phenomena of light, found also several kinds of these 
curves; and he gives a geometrical deduction of their pro¬ 
perties, showing their analogy to caustics by retraction. 
Altmi. Ac. 1740; Priestley's Hist, of Vision, pa. 752. 

ifodica/ Curves, a name given by some authore to 
curvM of the spiral kind, whoso ordinates, if they may be 
so called, do all terminate in the centre of the includina 

circle, and appear likcso many radii of that circle: whence 
the name* 

Regular Curves, arc such as have their curvature 
turning regularly and continually the same way; in op- 
position to such as bend contrary wuyj, by having points 
of contrary flexure, which are called irregular curves. 

atarhclertuic Tnungle qf a Cu rve, is the differential or 
elementary right-angled triangle whose three sides arc. the 
fluxions of the absciss, ordinate, and curve; the fluxion- 
of the curve being the hypothenuse. q 

So, if/iy be parallel to,and iiMl(*finitoly ^ 

near to the ordinate pq, and gr pa- 
rallel to the absciss ap; then grjs the 
fluxion of the absciss ap, and yr the 
fluxion of the ordinate pq, and go the 

^ i* <1 A # . 
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fluxwiv of the curve aq; hence the elementary triangle 
<iyr 18 the characterisfic triangle of the curve aq; and the 
three side* arc x,y, *; which x‘ ^ _y'ssi‘ 

CURVILINKAR Angle, Figure, Superfidet, Ifc, arc 
such as arc formed or bounded by curvi-s; in opposition 
to rectilinear ones, which arc formed by straight lines or 
planes. ® 

CUSP, in Astronomy, is used to express the points or 
horns of llic rocion, or olfier luminary* 

Cusp, in the Higher Geometry, is used for the point or 
corner formed by two parU of a curve meeting and termi¬ 
nating there. Curve. 

I?''”'’®® Hyperbola, ftc. See Curve. 

CUT-Bartiox. SccUahtion. 

CUVOTE, or CUNETTE, in Fortification, is a kind of 
ditch within a ditch, being a pretty deep trench, about 

‘°T!i running along the middle 

f the great dry ditch, to bold water; serving both to keep 

mining- 

• , »f period or scries of numfiers proceed¬ 

ing orderly from first to last, then returning again to the 

ftrst, and so circulating perpetually. 

chiefly arisen from the incommensurability 
of the periods of revolutions of Uie earth and celestial bi 


dies to one aiioiher. TIu- apparent rcvoluiioii of iIk sun 
about the- earth has been arbitrarily divided into 24 hour, 
which is the basis or foundation of all our mcnsuraiion of 
time, whether days years. &:c. But neiih.-r the annual 
motion of ihe snn, nnr that of ilu- other heavenly bodies 
can be measured exactly, and any remainder, hy 

houR or their multiples. 'I hat of ihe sun. for example. 
IS 305 days 5 hours 49 minutes nearly; that of the moon, 
29 days 12 hours 44 minutes nearly. 

Hence, in order to find vHjuivalent expressions for tiiesc 
tractions in whole numbers, and yet in numbers which 
only express days and years, cyck-s have been invented; 
which,comprehending several revolutions of the same body 
replace a, after a certain number of years, in the sam'e 
points of the heaven whence it first departed ; or, whicli 
IS the same thing, in the same pl.-ice of the civil cah ndar 
Ihere are various cycles; as. ihe cycle ofindiction. the 
cycle of the moon, the cycle of rbe sun, &c* 

Cycle o/ Imhction, is a series of 15 yeai^, returning 
constantly the sameas the o,ther cycles ; and it commenced 
from the third ) e:ir 1. fore Christ; whence it happens that 
It 3 be added to any given year of Christ, and the sum be 
divided by 15, what remains is the year of the indiction 

OCe IKDICTIOK. 

Cycle qf the Moon, or the Lunar Cycle, is^ a period of 
i9 years; in which time the new and full moons return 
to the same day of the Julian year. See Calippic. 

This cycle is also cjilled the Me/onic period or cycle 
from Its inventor Melon, the Athenian; and also the 
i^olden^^n^ber, from its excellent use in the calcmlar: 
though, properly speaking, the golden number is rather 
the particular number which shows the year of the lunar 
cycle, which any given year is in. This cycle of the moon 
only holds true for 310^ years: for. though the new 
moon:> do n hirn lo the same day nfu r IP years; yet not 
to the same time of the day, but near an hour and a half 
sooner; an error which in 310,.^ years amounts tonn en¬ 
tire day, 1 ft those enijiloyed in reforming the calendar 
made their calculations on a supposition iluii the lunations 
return precisely from 19 years to 19 years, forever. 

The use of this cycle, in the anciont c.ilendnr, is lo show 
the new moon of each year, and the time of Easter. In 
the new one, it only serves to find the Ejiacts ; which show 
meitht-r calendar, that the new moon falls 11 days loo late! 

As the Orientals began the use of this cycle at the time 
of the Council of Nice in 325, they assumed, llial the first 
year of the cycle the paschal new moon fell on the 1 3th of 
March; on which account the lunar cycle 3 foil on the ' 
1 st of January in the Uiird year. 

'The Occidentals, on the contrary, placed the number 1 
to the Ist of January, which occasioned a considerable «l|f- 
ference in the time of Easter. Hence, Dionysius Exiguus, 
on frammga new calendar, persuaded the Christians of the 
west to the difference, and come into the practice of 

the church of Alc.xandria. ^ 

To jind the Year qfthe Lmar Cycle, is to find the golden 
number. See GoLDEN-JVw«ifr. 

Cycle of the Sun, or Solar Cycle, is a period or revolu- 
tion of 28yean; beginning with l.and cndingwiih 28; 
which elaps(‘d, the Dominical orSunday*JcUcrb, and those 
that express the other feasts, &c, return into iheir.former 
place, and pr.<etd in the same order us before. The day* 
ol tlic month return again to the same days of the week;, 
the sun s place to the same signs and degrees of the cclin- 
lic on the same moniha and days, so as not to diffee om 



CYC 


CYC 


[ 390 ] 


do<.rco inaliiindrcdycars ; and the leap-years begin ihc 
same course with respect to the days of the week on whicb 
the davs of the month fall. 

Tl>is is il'.o cycle of the s\in, or Inc solar cycle, 

not from any regard to the sun’s course, x'Inch has no con¬ 
cern in it; but from Sunday, anciently called dies sons, 
the sun's day; as the dominical or Sunday letter is chiefly 

souglit for from this revolution. 

The- reformation of the calendar under Pope Gregory the 
13th, occasioned a considerable alter.ntion of this cycle . 
Ill tlie Giegotian calendar, the solar cycle is iiot constant 
and perpetual; because every 4th secular year is common, 
whereas, in the Julian, it is bissextile. TUe epoch, or be¬ 
ginning of the solar cycle, both Julian and Gregoriun, is 
the 9 th year before Christ. Ami therefore. 

To find the Cycle of the Sun for any given year : add 9 to 
the number given, and divide tlic sum by 28 ; ihe remain¬ 
der will be the number of the cycle, and the rjuoliciit the 
number of revolutions since Christ. If there be no re¬ 
mainder, it will be tliC 28th or last year of the cycle. 


CYCLE of the Sun, Btid Sufi.lsy Lcmr*. from the Year IBOO 

10 Y^af 1900. ‘ . 
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Great Pascal Cycle, is anollier name lor ihc Victorian 
or Dionysian Period. Wlucli sec. 

CYCLOID, or Tnociioin, a mechanical or transcen¬ 
dental curve, which is thus generated : Suppose a wh<^l, 
or a circle, a l, to roll along a straight line An, beginning 
at the point a, and ending at b, where it has completed 
just one revolution, thus measuring out a right line ab 
exactly equal to the circumference of the generating circle 
AE, while a nail or point a in the circumference of the 
wheel, br circle, traces out or describes acurvilineal path 
Aon ; then this curve add is the cycloid, or trochoid. 

.•I 



ocnooten, in uis wu 

Descartes first conceived the notion of this elegant ciirsc, 
and after him it was first published by Father Mersenne, 
in the year l6l5. But Torricelli, in the Appendix de 
Dimensione Cycloidis, at ihcend of his ircaliss’ De Dimen- 
sionc Parabolas, published 1644, says that this curve was 
considered and imiiicd a cycloid, by his predecessors, and 
particulaily by Galileo about 45 years before, i.o. about 
1599 . Ami Dr. Wallis shows that it is.of a much older 
standing, having been known to Bovilli about the yvat 
1500, and even c«m8i«lercd by Cardinal Cusanus much 
earlier, viz, before the year 1451. Philos. Trans. Abr. vol. 
4, pa. 169 h would seem however that Torricelli’s was 
the first regular treatise on the Cycloid; though several 
particular properties of it might be known prior to his 
work. lie first showed, that ihec)cluidat space is equal 
to triple the generating circle, (though Pascal contends 
that Robcrval showed this): also t(int the solid generated 
by the t'otation of that space about its base, is to the cii^ 


cumscribing cylinder, as 5 to 8 : about the tangent paraliol 
to the base, as 7 to S ; about the tangent parallel to the 
axis, as 3 to 4: 6cc. 

Honoratus Fabri, in his Synopsis Geom. bas a short 
treatise on the cycloid, containiijg demonstrations of the 
above, and many other theorems concerning the centres of 
gravity of the cycloidal space,6cc; which he sayshefound 
out before the year l658. 

From the preface to Dr. Wallis’s treatise on theCycloid 
we learn, that, in the year l658, M. Pascal publicly pro- 
posed at Paris, under the name of Deltonvillc, the two 
following problems as a challenge, to be solved by the ma¬ 
thematicians of Europe, with a reward of 20 pistoles for 
the solution: viz, to find the area of any segment of the 
cycloid, cm olT by a right line parallel to the base; also 
the content of the solid generated by the rotation of the 
same about the axis, and about the base of that segment. 
This challenge Set the Doctor upon writing that treatise on 
the cychiici, which is a much belter and more complete 
piece than had been given before upon this curve. He 
there "ives the curve surfaces of the solids generated by the 
rotation of the cycloidal space about its axis, and about 
its base, with determinations of the centres of gravity, 6tc. 
lie here likewise asserts that Sir Christopher Wren, in 
1658 , was the first who found n right line equal to the 
curve of the cycloid; and Mr. Huygens, in his Horolog. 
Oscillat. says that he himself was the first inventor of the 
segment of a cycloidal space, cut off by a right line parallel 
to the base at the distance of -J the axis of the curve from 
the centre, being equal to a rectilinear space, viz, to A re* 
gular hexagon inscribed in tbc generating circle; the de¬ 
monstration of which may be si*cn in Wallis s trcali^. 

Several other, authors have treated of the cycloid: as 
Pascal, in bis treatise, under the name of Dcttonvillel 
Schooten in his Commentary on Descartes's Geometry, 
near the end of the 2d book; M. Reinau, in his Analw 
D6montrec, tom. 2, pa. 595 : also Newton, LtfibniU, U- 
loubcrr, Roberval, Descartes, Wren, Fabri, the Ber¬ 
noulli’s, Lahire, Cotes, Emerson, &c, &c. 

Properties of the Cycloid. —^The circle ae, by whose 
revolution the cycloid is traced out, is colled the Genera¬ 
ting Circle; the lino ab, which is equal to the circum¬ 
ference of the circle, is tbc Base of the cycloid; and the 
pcrpcndiculur dc on tho middle of the base, is its Axis. 
The properties of the cycloid arc among the moil beauti¬ 
ful and useful of all curve lines; some of the most remark- 
- able of which are as follow : 

1. The circ. arc do = on parallel to ab. 

2. The semicircumf. doc se the semibase AC. 

3. The arc dh = double the chord do. 

4. The arc da = double the diameter DC. 

5 . The tang. 111 is parallel to the chord do. 

6 . The space adba =s triple the circle ab. 

7 . The space A dgca s= the same circle A B, &c- 

8 . A body falls through any arc kl of a cycloid re¬ 
versed, in the same 
time, whether that 
ore bo groat or 
small'; that is, from 
any |>uint i.. to the 
lowest point K, 
w bicii is the vertex 
reversed; and that 
time is to tho time 
of falling perpendi- 





CYC 


[ 3yl 

cularly through the axis mk, as lha st-iiiiciicuinforcnce of 
a circle is to its diameter, or as 3 Ul6 to 2. And hence 
it follows that, it a pendulum be made to vibrate in the 
arc LKN of a cycloid, all the vibrations will be pertunued 
in the same time. 

• 9* The cvolute of a cycloid, is another equal cycloid. 

So that if two equal semicycloids op, oq, be joined at o, 
so that OM be equal to MK the diameter of the generating 
circle, and the string of a pendulum hung up a; o, having 
its length equal to oK or to the curve op ; then, by plying 
the string round the curve op, to which it is equal, and the 
ball being let go, it will describe and vibrate in the other 
cycloid PKQ. We must not however conclude from this, 
that a body so vibrating will really perform all its vibra¬ 
tions in equal times, f«ir this is only true in theory, that is, 
by supposing the siring by which the vibrating body is 
suspended to be void of gntsity. For in estimating the 
centre of oscillation of any body, regard must be had to 
this circumstance, and in the final expression the distance 
from the point of iuspension is found to enter, together with 
the distance of the centre of oscillation of the string, and 
consequently this last centre of oscillation is constantly 
varying; which will pn-venl the body from performing all 
its vibrations in the same time; but the greater the weight 
of the body is, ivbcn compared with that of the string, 
the nearer will these limes approach to an equality. ** 

10. The cycloid is the curve of swiftest descent: ora 
heavy body will fall from one given point to another, 
through the arc of a cycloid passing by those two points, in 
a less lime, than if it passed along any other curve, or even 
along a right line joining those two points. 

John Bernoulli was the first who proposed to mathema¬ 
ticians this problem under the title of the Bruchyttochronon, 
that is, to find the curve ol swiftest descent, or tiiat Curve, 
along wliich a luaty body would fall from one point to 
another, not in the sjirne vertical line, in the least time. 

And solutions were aiven to it by bis brother Janies Ber¬ 
noulli, Leibnitz, Hopital, and Newton. See Gregory’s 
MechMlc-s, art. 277, vol. 1: also the Works of James and 
John Bernoulli, for many other curious properties con¬ 
cerning the descents in cycloids, &c, 

CvctoiDs arc also cither Curtate or Prolate. 
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These two curies were both noticed by Torricelli and 
Schooten, and more fully treated of by Wallis, in his Trea¬ 
tise on the Cycloid, printed at Oxford in iCj9; where he 
shows that these have properties similar to the first or pri¬ 
mary cycloid; only the last of iIrih is a curve having a 
point of infliction, and the oiher crossing itself, and -forTii- 
ing a node. 

By continuing the motion of the wheel, or circle, so .is 
to describe a right line equal to the generating circum¬ 
ference several limes repealed, there will be produced as 
many repetitions of the cycloids, which so united together 
will appear as in these figures following: ** 

Curtate Cycloid. 





CYCLOPAEDIA. See Encvclov*dia. 

CYGNUS, the Swan, a constellation of the northern 
hemisphere, being one of the 48 old ones, and fabled by 
the Greeks to be the swan, umler the form of which Jupiter 
deceived Leda or Nemesis, from which embrace sprung 
the beauteous Ileliii. The slats in the constellation 
Cygnus, ill Ptolenij’s catalogue an* 19 , in Tycho’s 18, In 
Hevclius’s 47 , and in tiie Britannic catalogue 81. 

CYLINDKB. a soliil having two equal circular ends, 
and every plane section parallel to the eirds a circle equal 
to them also.—The cylinder may be conceived to be thus 
generatpd: 




Of' 


k«**^*. 



Ctcloid, Curiaic^OTcontracted^ jg ihc path Actenhed by 
some point without ihe circle, while the circumference 
rolls along a straight line; and a 



4 for is m iiKc manner tne 

path of some point taken within the generating circle. 

^us, if, while the circlc^rolls along the line au, the 
point a be taken without the circle, U will describe or 
trace out the curtate or contracted cycloid i\8t; but the 
point being taken krithiu the circle, it will describe the 
ptolate or inflected cycloid nvw. 


Suppose two parallel 
circles ab, CD.and a right 
line carried continually 
round them, always pa¬ 
rallel to itself; tins lino 
will describe the curve 
surface ofacylinder.ABDC. 
of which the two parallel. 
circles AB and CD form the two ends. When the line or 
side is perpendicular to the emis, (he cylinder is a rinht or 
perpendicular one; otbenvise it is oblique. ** 

Or the right cylinder may be conceived to be gcncmied 
by the rotation of a rectangle about one of its sides. The 
Axis of the cylinder is the line connecting the centres of 
its two panillel circular ends; and is equal to the altitude 
of the cylinder when this is a right one, but e.vcceds the 
altitude in the oblique cylinder, in the proportion of radius 
to the sine of the angle of its iiiclinntion to the base 
The convex surface of a cylinder is equal to the pro¬ 
duct of Ihe axis and the circumference of its base —The 
solidity of a cylinder is equal to the area of its base mul¬ 
tiplied by its perpendicular altitude. 

Cylindere of equal buses and altitudes, are equal. 
Cylinders arc to each other, as the product of their bases 
and altitudes. And equal cylinders have their bases rc- 
ctprocally as tbeir altitudes. 

A cylinder is to its inscribed sphere, or spheroid, as 3 
to 2: and to its inicnbed cone as 3 to L 
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The oblique plane sccti'^ns of a cylinder, arc ellipses ; 
but all the sections parallel to the ends^ arc circles. 

For th<' surfaces an<i solidities of the ungiihis or oblique 
slices oi u tylimUT, see my Mensuration, p. l6l,4th edit. 
C\'LI N DUICAI., pertaining to a cylinder. 
CVLINDKOII), a soli<l resembling the hgurc of a cy¬ 
linder; but differing fnun it os having ellipses for its ends 
or ba?-es, instead ofcircli's in the cylinder. 

la the cylindroid, the solidity and curve supcrticics arc 


found the same way as those of the cylinder ; viz, by mul- 
tiplying the circumference of the base by the length or 
axis, tor the surface ; and the area of the base by the al¬ 
titude, for the solidity* 

CY.NfAl’lUM, CiMATiUBf^orCiMA, in Architectore,a 
member, or moulding of the comice, whose profile is 
\yavcd ; i. c. concave at top, and convex at bottom, 
CYPHER, or noughu See CirtiER* 

CYSSOID. Sec Cissoio* 
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T^ADO, that part in the middle of the pedestal of a 
c<diunn A:c, between its base and cornice. 

DAILY, in Astronomy. See Dcuknai.. 

DALliMHERT, an eminent French mathematician and 
philosopher, and one of the brightest ornaments of the 
18lh century. He was perpetual secretary to the French 
Academy of Sciences, and a member of most of the phi¬ 
losophical academies and societies of Europe. 

Dulemberl was horn at Paris, the l6tli of November 
1717 . lie fieri\cd the name of John le ilond from that 
of the church near wluch, after his hirth, he wai>eNposc<l 
as a foundling. lUit his father, informed of this circum¬ 
stance, listening to the voice of nature and duty, took 
measures for the proper education of his child, and for his 
future subsistence in a state of ease and independence. 
His mother was a lady of rank, the celebrated Made¬ 
moiselle Tencin, sister to Cardinal Tencin, archbishop of 
Lyons. 

He received his first education among the Jansenists, in 
the college of the four nations, where he gave early signs 
of genius and capacity. On quitting the college, finding 
himself alone, and unconnected in the world, he sought 
an asylum in the house of his nurse. He hoped that his 
fortune, though not ample, would enlarge the subsistence, 
and better the condition of her family, which was the only 
one that he could consider as his own. It was here there¬ 
fore that he fixed Ins residence, resolving to apply himself 
entirely to the study of geometry.—And here he lived, 
during the space of 40 years, with the greatest simplicity, 
discovering the augmentation of his means only by in¬ 
creasing displays of his beneficence, concealing his grow¬ 
ing reputation and celebrity from these honest people, 
and making their plain and uncouth manners the subject 
of good-natured pleasantry and philosophical observation. 
His good nurse perceived his ardent activity; hc^rd him 
mentioned as the writer of many books; but never took 
it into her head that he a great man, and rather be¬ 
held him with a kind of impassion. You will never,** 
said she to him one day, ** be any thing but a philosopher— 
and what is a philosopher fool, who toiU and plagues 
himself all his life, that people may ttdk of him when be 
is dead.** 

In the year 1741 he was admitted a member of the 
Academy of Sciences; for which distinguished literary 
promotion, at so early an age (24), he had prepared the 
way by correcting the errors of a celebrated work (Tbo 
Analyse Dcmonti^c of Rcyncau), which was esteemed 
classical in France in the^line. of analytics. He aftcr- 


D A L 

wards sot himself to examine, with close attention and as¬ 
siduity, what must be the motion and path of a body, 
which passes from one fluid into another denser fluid, in a 
direction oblique to the surface between the two fluids. 
Every one knows the phenomenon which happens in this 
case, and amusi^ children, under (he denomination of 
ducks and drakes; but it was Dalembcrt who fint ex¬ 
plained it in a satisfactory and philosophical manner. 

Two years after his election to a place in the Academy, 
he published hts 'Ireatise on Dynamics. The new prin¬ 
ciple developed in this treatis4% consisted in establishing 
an equality, at each instant, between the changes that the 
motion of a body lias undergone, and the forces or powers 
which have been employed to produce them: or, to ex¬ 
press the same thing otherwise, in separating into two 
parts the action of the moving powers, and considering the 
one as producing alone the motion of the body, in the se¬ 
cond instant, and the other ds employed to destroy that 
which it had in the first. So early as the year 1744, Da- 
iembert had applied this principle to the theory of the 
equilibrium, and the motion of fluids: and all the pro¬ 
blems before resolved in physics, became in some mi^nsure 
its corollaries. Tbc discovery of this new principle was 
followed by that of a new calculus, the first essays of which 
were published in a Discourse on the General Theory of 
the Winds, to which the prize-mednl was adjudged by the 
Academy of Berlin in the year 1746, which proved a 
new ami brilliant addition to the fame of Dalemberl. This 
new calculus of Partial Differences he. applied, the year 
following, to the problem of vibrating chords, the ixsolu- 
tion of which, as well as the theory of the oscillations of 
the air and the propagation of sound, had been but im* 
perfectly given by the mathematicians who preceded him; 
and these were bis masters or his rivals* 

In the year 1/49 he furnished a method of applying 
his principle to the motion of any.body of a given figure, 
Ha also resolved the problem of the precession of the cqui- 
n^es; determining its quantity, and explaining the pbe* 
nomenon of the nutation of the terrestrial axis discovered 
by Dr. Bradley. 

In 1752, Dalembert published a treatise on the Resist¬ 
ance of Fluids, to which be gave the modest title of at 
Essa/; though it contains a multitude of original ideas 
and new observations. About the same time he published, 
in the Mcn^orrs of the Academy of Berlin, Researches cod* 
cerniug the Integral Calculus, which is greatly indebted 
to him for the rapid progress it has since made* 

Our author’s eulogist ascribes to envy, detraction, 
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ail tlic opposition and censure that Dalenibert met with 
on account of the celebrated Lncyclopt-die, or Dictionary 
of Arts and Sciences, in conjunction with Diderot. None 
surely will refuse the well-deserved tribute of applause to 
the eminent displays of genius, judgment, and true literary 
taste, with which Dalembert has enriched that great work. 
Among others, tlie Preliminary Discourse he has prelixed 
to it, concerning the rise, progress, connexions, and affi¬ 
nities of all the branches of human knowledge, is ger- 
haps one of the most capital proxiuctions the philosophy 
of the age can boast of. ^ 

Some time after this, Dalembert published his Philoso¬ 
phical, Historical, and Philological Miscellanies. These 
were followed by the Memoirs of Christina queen of Swe¬ 
den ; in which he showed that he was acquainted with the 
natural rights of mankind, and was bold enough to assert 
liu m. His Essay on the Intercourse of Men of Letters 
"itli Persons high in Uank and Office, wounded the former 
to the quick, as it exposed to the eyes of the public the 
Ignominy of those servile chains, which they feared to 
shake oil, or were proud to wear. Dalembert gave ele¬ 
gant specimens of his literary abilities in his translations 
of some select pieces of Tacitus. But these occupations 
did not divert him from his mathematical studies: for 
about the same time he enriched the Encyclopedic with a 
multitude of excellent articles in that line, and composed 
Lw Res^rches on several Important Points of the System 
of^e Worhl, in which he carried to a higher degree of 
pcncction the solution of the problem concerning the per¬ 
turbations of the planeu, that bad several years before 
been presented to the Academy. 

In 1759 he published bis ElcmciiU of Philosophy: a 
work much extolled, as remarkable for its precision and 
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pcrspjcuuy. Ihc rccn.racn. .hat »a. kindled (and .ho rale pour deiern^ ncr Im othi.e e. 
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disputw that followed it) by the article Geneva, inserted 
in the Encyclopedic, are well known. Dalembert did not 
leave this field of controvorsy with flying colours. It was 
on this occasion that Frederick king of Prussia offered him 
an honourable asylum at bis court, and the office of presi- 
dent of his Academy: but the king was not offended at 
Dalembert s refusal of these distinctions, though he culti- 
vated an intimate friendship with him during the rest of 
his life. He had refused, some time before this, a propo¬ 
sal made by the empress of Russia to entrust him with the 
cduMtion of the Grand Dukcj—a proposal accompanied 
with all the flattering offers that could tempt a man, am- 
biiious of titles, or desirous of making an ample for- 
*t*”d ' nbjccta of his ambition were tranquillity and 

111 the year 17^5, he published his Dissertation on the 

Destruction of the Jesuits, This piece drew upon him a 

swarm of adversaries, »vho only confirmed the merit of his 

work by their manner of attacking it. Besides the works 

already inentioned, he published 9 volumes of momoiis 

and treatises, under the title of Opuscules; in which he 

has resolved a multitude of problems relating to astro- 

nonjy, matbomatics, and natural philosophy: of which 

his panegyrist, Condorcet, gives a particular account, 

more csp^ially of those which exhibit new subjects, or 

new methods of investigation. He published also Ele- 

menu of Mu«c ; and rendered, at length, the system of 

Ramwu in.tellipblc: but he did not think the malbeniati- 

cal tbwry of the sonorous body sufficient to account for 
the rules of that art. 

In the year 1772 he was chosen secretary to the French 
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I Academy of Sciences. He formed, soon after this prefer¬ 
ment, the design of writing ihe lives of all the deceased 
academicians, iroin 1700 to 1772; and in the spric.'ol 
three yca^ he executed thi> design, by c.mposii.g 70 eu¬ 
logies. Dalembert died on the 2yih of October 1783, 
temg nearly 66 years of age. 

As it may be curious and useful to have in one view an 
enure list of Dalorobcrt’s wrilings, I shall here insert h 
catalogue of them, Irom Rozier's Nouvelle Table des Ar¬ 
ticles contciius dans les volumes de i’Acadeiuie Uovale 
dcs bcienccs de Pans, &c, as follous : 

'Iran6 de Dynamique, in4to, Paris, 1743. I he 2 <led 

rt I’Equilibrc ei du Mouxement des 

J'lutdes. 1 ans, 1744; and the 2d edit, in 1770. 

Rcflc.xions sur la Cause Gfcn6rale dcs \'eiits; which 
gained the prize at Berlin in 1746'; and was printed at 
Pans in 1747, in 4(o—Recherchc-s sur la Precession de. 
Equinoxes, et sur la Nutauon dc I’Axc de la Terre dans 
leSysi^mcNewtonicn. Paris, 17+9. in 4to.—Essais d'nnc 
Nouvelle Th6orieduMouveiiientd«,Fluides. Paris 1752 

III 410.—Recherches sur differens Points importans dj 
bysteme du Monde. Paris, 1754 and 1756', 3 vols. in 4 to. 
—tiemens dc Philosophie, 1759 . 

Opusctrics Maihtiiiutiques, ou Memoircs sur differens 
oujetsdeG 6 on:i 6 trie,dcM 6 chaiiiques, d’Optiqucs, etd'As- 
tronomie. Paris, 9 vol. in 4to; 176 i to 1773 . 

El^mcns de Musique, tli^oriquc ct pratique, suivanl lei 
Frincipes de M. Rameau, eclair 6 s, dtvelopp^s, ct simpli- 
fi 6 s. I vol. in 8 vo. k Lyon.—De la Dcslrucuon dcs Jc- 
suites, 1705.—In the Memoirs of the Academy of Pans 
are the following pieces, by Dalembert: viz, Precis do 
Dynamiquc, 1743 , Hist. 164.—Precis dc I'Equilibrc ctde 
Mouvement des fluides, 1744, Hist. 55—Methodegene- 
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toui« Ics Plun^to,cn ayant egard k leur action mutuelJe, 
1/ 45, p. 365—Pr 6 cib dcs R 6 Hc.\ions sur la Cause 

rale dcs Vents, 1750, Hist. 4I.-Precis dcs Rcchcrchw 

VA dcs Equinoxes, ct sur la Nutation de 

1 Axe dc la Terre dans Ic Sysi4mc Newionien, 1750, Hist, 
i, .*7"^“^ Nouvelle Th 6 oric sur la Resistance dcs 

ndes Essais d’unc Nou- 
vclle Th 6 orie dc la Resistance dcs Fluides, 1753, Hist. 
289.—Prtcis des Rechcrchcs sur les differens Points im¬ 
portans du Systdme du Monde, 1754, Hist. 125.—necher- 

ches sur la Pr^ession dcs Equinoxes, et sur la Nutntioa 

4 ‘ Hypolhcse de la Dissimilitude 

de, M^ridicns 1754 , p.413, Hist. H 6 .-Reponse i un 
Article du Mtmoire dc M. rAbb 6 dc la Caillc, sur la 
Tbiorie du Soleil. 1757, p. 145, Hist. llS.-Addition d 
cc M^rnoire, 1757, p. 567, Hist. 118. 

Prtcis des Opuscules Math^matiques, 1761 , Hist. 86 . 
Precis du troisi^me volume dcs Opuscules iMath 6 mau- 
que^ 1764 , Hist. 92 .—Nouvelles Recherches sur les Ver- 

xT 3* des Opuscules Mathcmaiiques. 

PremierMemoire. 1764,p. 75 . Hist. 175.-NouvcllesRvv 

cherches sur les Verres Optiques, pour servir dc suite i 
la thiorie qui cn a etc donn^c dans lo troisidme volume 
dcs Opuwulcs Mathdinatiques. Second Memoire, 1765 . 

53.—Observations sur les Lunettes Achromatiques. 
1/05, 1 ^ 53 , Hist. 119*—Suite dcs Recherches sur les 

Mdmoire, 1767 , p,43. Hist. 
153.—Recherches sur le Calcul Integral, 1767, p. 573 

1 Mculc d'Einouleur. 

1768, Hist, 31.— Prdcis dcs Opuscules de Mathtmutiques, 
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r *‘t volumes, Anulyse, Hist. 83.—He- 

< h( rclms siir los Mouveinens.de I’Axe <rimc‘ Planclo quel- 

< rhyj)Otlies4‘ <le la DiHsimilitmlo des M^ndi- 
' Mrs, 1768, p. 1, Hist. J)5.—Suiro <k*s llechcrclies sur 

\J >uvrmchsi<c. p. 332, Hist 93.—RechcrchcH sur 

1 C iilcul !ttf< };ral, 1769, p. 73.—Mvmoire sur lea Princi- 
pev iU: hi Mech. 176?), p. 278. Ami in the Memoirs of the' 
•vcudeinyuf Berlin, are the followinj; pieces, by our an- 
tli(u ; vrx. Kech< rche^ sur le Calcul Inlc}»ral, premiere 
parlit , 174(*.—Solution <lc <iuel<|urs Prohicmes irAslrcmo- 
ituf, 1/47.—R<clH'rches sur la courbe <juc forme une 
C'orde'IViKlue, nii’^e on N'ibration, 1747*—Suite tJ<*s re*' 
thiTcIxs sm* le C<iicul Integral, 1748—Lx^ttre a M. *lc 
Mau|>vrtuis, 17 KO.—Adtlition atix recherches sur la 
courbe <juc forjne une Conle Totulue misc cii Vibration, 
1750,—Addition aux recherches sur le Calcul Intf'gral, 
1750. — Ix ttre a M. le professcur Formey, 1755.—Exti. 
(le differ, lettns i M. de la Grange, 1763.—Surlcs Faulo- 
clirones, 1765.—Fxti*. dc differ. Ietlrc‘s ^ M. dc la Grange, 
176?). Also in the Memoirs of Turin are, Diffcrrnlcs 
l^eftr(‘H M. <!<• la Ciram^e, cn 1761 cl 1765, tom. 3 of 
ilu^se .Memoirs,— Kccherrlies sur ditfi rens sujets dc Math, 
t. ). 

DARCY (Count), an ingenious philosopher and ma* 
fheinatician, was born in Indand in 1725 ; but his friends 
Inunii artuclud to the Sluiirt family, he was sent to France, 
al 14 Vi a IN of iige, where lie spent the rest of his life. Be¬ 
ing j)U( umler the care of the celrbraied Cluiraut, he im- 
proNed so rapiilly in the mathetnaties; that at 17 ycais of 
age he gave a new solution of the problem concerning the 
curve of e(jual pressure in a resisting medium. This was 
followed the )ear after by a determination of the curve 
described by a heavy body, sliding by its own weight along a 
moveable plane, at the same time that the pressure of the 
iiody causes a horizontal motion in the plane. Darcy 
served in the war of 1744, and was taken prisoner by the 
English : and yet, during the course of the war he gave 
two rnefnoirs to the Academy; the first of these contained 
a general principle in mechanics, that of the preserration 
of the rotntory motion ; a principle winch he again brought 
fifrward in 1750, by the name of the principle of the pre¬ 
servation of action. 

In 1760, Darcy puhlisbed An Essay on Artillery, con¬ 
taining some curious experiments on the charges of gun¬ 
powder, ic, &c, and improvcmcaUs on those of the in¬ 
genious Robins; wliirh kind of experimenis our author 
carried on occasionally to tlieend tif his life. 

Ih 1765, he published his Memoir on the Duration of 
the Senvaiion of Sight, the most ingenious of his works: 
the result of these researches was, that n body may some¬ 
times pa^s by our eyes without being seen, or marking its 
presence, otherwise than by weakening the brightness of 
the object il covers. 

All liarcyS works bear the character which results 
from the union of genius and philosophy; but as he 
measured every thing on the largest scale, and required 
extreme accuracy in experiment, neither liis lime, for¬ 
tune, nor avocations, allowed him to execute more than a 
very small part of what he projected. In his disposition, 

• Ke was amialde, .spirited, lively, and a lover of indepen¬ 
dence, u passion to which he nobly sacrificed, even in tho 
midst of literary society.—He died of a cholera morbus 
in 1779, at 54 years of age. 

Darcy was admitted a member of the French Academy 
ill 1749^ and was made peusioner-gcoroctrician in 1770. 


—His csfyiys, printed in the Memoirs of the Academy of 
Sciences, arc various and very ingenious, and arc con¬ 
tained ill the volumes for the years 1742, 1747, 1749, 
1730, 1751, 1752, 1753, 1734, 1758, 1759, 1760, 1765, 
and in tom. 1 of the Savans Etrangers. 

DARK Chamber. See Ca.mbra Obicura. 

DARK Tent, a portable camera obscura, made some¬ 
what like a desk, and fitted with optic glasses, to take 
pr(Mpect^ of landscapes, buildings, &c« 

DATA, in Mathematics, denote certain things or (|uan- 
tities, supposed to be given or known, from which other 
(junntitics are discovenxl that were unknown, or sought. 

A problem or question usually consists of two parts, Oats 
and Qu^sita, Given and Sought. Euclid has an express 
and excellent treatise of Data ; in which he uses the word 
for such spaces, lines, angles, cS:c, as are given; or to 
which others can be found equal. 

Euclid^s Data is the first in order of the books that 
have been written by the ancient geometricians, to facili¬ 
tate and promote ilic method of resolution or analysis. In 
general, a thing is said lobe given, which is either actually 
exhibited, or that ran be found, that is, which is either 
known by hypothesis, or that can be demonstrated to be 
known : niid the propositions in the book of Euclid's Da* 
la show w hat things can be found or known, from those, 
that by hypothesis are alrcxidy given: so that in the ana¬ 
lysis or investigation of a problem, from those things that 
are laid down us given it is demonstrated, by the help of 
these propositions, that other things are given, and from 
those Inst that others are given, and so on, till it is de¬ 
monstrated that that which was proposed to be found in 
the problem is given; and when this is done, the problem 
is solved; and its composition is made and derived from 
the compositions of the Data which wore employed in the 
analysis. And thus the Dota of Euclid arc of the most 
general and necessary use in the solution of problems of 
every kind. 

Marinus, at the end of his Preface to the Data, is mis¬ 
taken in asserting that Euclid has not used the syntheti¬ 
cal, but the analytical method in delivering them: for, 
though in the analysis of a theorem, the thing to be de¬ 
monstrated is assumed in the analysis; yet, in the demon¬ 
strations of the Data, the thing to be demonstrated, which 
is, that something is given, is never once assumed in the 
demonstration; from which it is manifest that every one 
of thorn is demonstrated synthetically: though indcM if a 
proposition of the Data be turned into a problem, the de¬ 
monstration of the proposition becomes the analysis of the 
problem. Sec Simson’s edition of Euclid’s Data, which, 
is estc'omed the best. 

DA\'1S (Capt- John), a celebrated navigator, who 
fiourished in the latter part of the iSlh century. He gave 
name to the straits which he discovered ; and greet 
pectations were formed from his skill ami long experience* 
In 15S)4 he published a small treatise, entitled, The Sen- 
man’s Secrets; a piece written with brevity, and was 
esteemed in its time, an 8tb edition being printed in l657 \ 
so that it seems to have supplanted Cortes’. Davis treats 
of plane sailing, calling it Horizontal; and gives the form 
for keeping a sca-rcckoning. He shows also how to sail 
by the globe, and boasts of whai he intended to do; much 
commending great circle sailing, without dcscribingit; as 
also what he calls Paradoxal, that is, by a projection on 
the plane of the equator with spiral rhumbs, promitidgto 
publish a chart for that purpoic. But above ml he extols 
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tlic use of calculations in the eases of navigation, and 
states his intention to treat on that subject. 

At the end of the book is given the figure of a slafl of 
his contrivance, to make a back-observation, which it ap¬ 
pears he was very vain of, and which s«*ems to have been 
some time in use; but was afterwards supplanted by one 
of a more commodious form, called Davis's Quadrant, as 
if it were also of his invention, though perhaps only be¬ 
cause a back-observation was made by both instruiiicnb, 

like as the quadrant itself was at first called Stall, and’ 
Back-stafi'. 

Davis's Suadmnt, the common sea quadrant, or back- 

staff. Sec Back-Stavf. See also Rohirfson’s Nuviga- 

tioii, book 9» sect. 7- 

DAY, a division of time arising from the appearance 
uhd ctibnppearoDCc of the sun. 

Day ih cither natural or nrtificiai. 

/irii/icini Day is that which is generally meant by the 
word Day, and is the time of its being light, or the lime 
NVhile the suit is above the horizon, 'rhough sometimes 
the twilight is included in the term day-light; in opposi¬ 
tion to fught or darkness, being the time from the end of 
twilight to the beginning of day*li<vhte 
I^aiurai Day is the portion of time in which the sun 

^ _ t the earth, or ratlier the 

t»mc in which the earth makes a rotation on its axis. And 
this is either astronomical or civil. 

Aatronomical Day begins at noon, or when the sun's 
centre IS on the meridian, and is counted 24 liours to the 
following noon. 

aw/ Day is the time allotted for day in civil purposes, 
and begins differently in difterent nations, but still inclu- 
ding one whole rotation of the earth on its axis; beginning 
cither at sun-rise, sun-set, noon, or midnight. 

1st, At sun-rising, among the ancient Babylonians, Per¬ 
sians, Synans, and most other eastern nations, with Uic 
present iiiliabilatits of the Balearic islands, the Grccks.&c. 
2dly, At sun-seitiiig, among the aiicieiii Athenians and 
Jews, with the Aubtnuns, Bohemians, Marcomanni, Sile¬ 
sians, modern Italians, and Chinese. 3dly, At noon, with 
astronomers, and the ancient Umbri and Ai-abiuns. And 
4thly, at midnight, among the ancient Egyptians and Ro¬ 
mans, with the modern English, French, Dutch, Germans, 
opaiiiard^, and Portuguese. 

The day is divided into hours; and a certain number of 
days makw a week, a month, or a year. 

The different length of the natural day in different cli- 
mates, has been matter of controversy, viz, whether the' 
iialural days be all equally long Uiroughoul the year; and 
il not, what their difference is i A professor of mathema- 
Ucs at Seville, in the Phihis. Trans, vol, 10 , pa. 425 , as¬ 
serts, from a continued series of observations for three 
years, that tligy arc all equal. But Mr. Flamsteed, in the 
same 1 rans. pa. 429, refutes i!ic opinion; and shows that 
a day, when the sun is in the equinoctial, is shorter than 
when he ism the tropics, by 40 seconds; and that 14 
tropical days arc longer than so many equinoctial ones, 

of Ihc days depends upon 
.two different pnncipics: the one, the excentricilv of the 

obliquity of the ecliptic with 
£ 1 , ** differenUy combined, the 

^ V See Eqdatiok qf rime. 

'^bich any ster appears to 
tn the mendian, to the. meridian again, which 


solar time; being the tinip iti 
which the earth makes one complete revolution on ii, 
'axis. See Sidereal. 

DAY’s-IforF, in Navigation, denotes the rcckonim; or 
account of the ship’s course, during 24 hours, or betwee n 
noon and noon. 

DEAD Beat, a peculiar kind of scapement for clock 
and watch woik, invented by Mr. Mudge foi corrcciiD- 

tlie motion of pendulums Ac. See Sc.\ pr..-.i ^,^T. " 

Dead Rkcko.ving, in Navigation, im iiidgno-nt or 
estimation which is made of the place «he 1 .* .t >l,tn 
without any observation of the heavenly i ,,,r 

generally perfafincd by keepingan account ol li. r way >,y 
the log, in knowing the course she ila.^ been ^teereu by 
the compass, and by combining and rectity ni - ail ih.- al¬ 
lowances for drift, lec-way, Ac, according KMhe knoiMi 
trim of the ship. This reckoning however is alwavs lobe 
corrected, as often as any good observmi.in can be -u- 
taincQ* 

DECAGON, a plane geometrical figure often sides and 
ten angles. When all the sides and angles are equal, it is 
a regular decagon, and may be inscribed in a circle; other- 
wisc% not. 

If the radius of a circle, or the side of the inscribed hexa¬ 
gon, be divided in extreme and mean ratio, the orcuter 

^ . I .11 .. inscribi;(| in the 

same circle. And therefore, as the side of the decagon is 
to the radius, so is the nuliiis to the sum of the two 
Whence, if the radius of the circle be r, the side of the 
inscribed decagon will be(y'5 —1) x Ir. 

If the side of a regular decagon be J, its area will 
be 4-^(5 1-2^5) = 7-6942088; theiefore as 1 is to 
7'0942088, so is the square of the side of any rcular de¬ 
cagon, to the area of the same; conscquciillv, it”* he ibe 
sidcof such a decagon,its areawill becquttllo'7-0'9420SSJ* 
Sec REOULARi-igure, 

To inscribe a decagon in a circle geometrically. Sec 
my Mensuration, prob. 35, pa. 20, 4lh edit. 

DECEMBER, the last month of the year'; in which 
the sun ciiiei-s the tropic of Capricorn, making the winter 
solstice. In the lime of Romulus. DecemU-r was the 
lOlh month ; whence the name, viz, from decern, ten ; for 
the Romans began their year in March, from which De¬ 
cember is the lOih month. The month of December was 
under the protection of Vesta. Romulus assi'^ned it 30 
days; Numa reduced it to 29 ; which Julius'*C»sar in- 
creased to 31. At the latter part of this month they had 
the Juveniles Ludi, and the country-people kept the fen^f 
of the godd«s Vacuna in the fields: having uS ^the!S 
in their fruits, and sown their corn ; whence it seems is 

derived our popular festival called Harvest-home 

DECHALES (Clal d-Frakcis-Milliet), an excel- 
Icnt maUmmatician, mechanist, and astronomer, was bom 
at C^^ry, the capital of Savoy, in ifin. He chiefly 

c.xcelled in ajust knowledge of the mathematical and me¬ 
chanical sciences; not that bo was bent upon new dis- 

> “ ■'is ulent ralhcr 
lay in explaining those sciences with case and accuracy 

which perhaps rendered him equally usifful and deserving 
of osicem. Indeed it was generally allowed that be made 
t^he best use of the productions of other men, and that ho 
drew the several parts of the mathematical sciences to¬ 
gether with great judgment and perspicuity. His probitv 
wasnol inferior to his learning; and these two qualiti« 
made him generally admired and beloved at Paris, where 
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for four years together ho read public malbcmatical lec¬ 
tures lu the college of Clermont.—From hence he removed 
to Marseilles, where he taught the art of navigation and 
the praclicAl mathematical sciences—He afterwards be¬ 
came professor of malheinatics in the university of lurin, 
whole ho died March 28, 1678, at 67 years of age. 

Am<mg other works which do honour to his memory, 
ere, 1. An edition of Euclid's Elcinenls; in which he has 
omitted the less important propositions, and explained the 
uses of those he has retained.—2* A Discourse on Fortifi¬ 
cation; and another on Navigation.—3. These perfor¬ 
mances, with some others, were collected in 3 volumes 
folio, under the title of Mun<lus Malhematicus, being in¬ 
deed a complete course of mathematics. And the same 
was afterward much enlarged, and published at Lyons, 
1690 , in 4 large volumes, folio. 

DECIM ALS, any thing proceeding by lens; as Decimal 
arithmetic, Decimal fractions, Decimal scales, &c. 

Dkci.mal ylritktncuc^ in a general sense, may be con¬ 
sidered ns tlic common arithmetical computation in use, 
in which the tlecimal scale of numbers is used, or in 
which the places of the figures change their value in a ten¬ 
fold proportion, being 10 times as much for every place 
more lowarcls the loft hand, or 10 limes less for every place 
removed towards the right hand j the places being sup¬ 
posed indefinitely continued, both to the right and left. In 
this sense, the word inclucU^ both the arithmetic of intc- 
and decimal fractions. In a more restrained sense, 
however, it means only 

Decimal Fractions^ which are fractions whose deno¬ 
minator is always a I with some number of ciphers an- 
nexc<l, on the number of which depend the value of the 
fraction, but tlic numerator may be any number whatever; 

As the denominator of a decimal is always one of the 
numbers 10, 100, 1000, &c, the inconvenience of writing 
t)K*5e denominators down may be avoided, by placing a 
proper distinction before the figures of the numerator only, 
to distinguish them from integers, for the value of each 
place of figures will be known in decimals, ns well as in 
integers, by their distance from the 1st or unit's place of 
integers, having similar names at equal distances, as ap¬ 
pears by the following scale of places, both in decimals 
and integers: 

&C 8888888 .888888 &C 
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In setting down a decimal fraction without its denomi¬ 
nator, the numerator must consist of as many places at 
there arc ciphers in the denominator; and if it has not so 
many figures, the defect must he supplied by prefixing 
ciphers: thus Va '3; and -rVff « *14; and t-Jot i»'014j 
and is *003; &c. 

As ciphers on the right-hand side of integers increase 
their %alue decimally, or in a tenfold proporlion, as 2, 20, 
200 , &c; so, when set on the Icft-haud of decimal frac¬ 
tions, they decrease the value decimally, or in a tenfold 
proportion, as *2, 02, *002, 6cc. Hut ciphers set on the 
other sidc^ of these numbers, make no alteration in their 
value, neither of increase nor decrease, viz, on the left- 
hand of integers, or on the right-hand of decimals; so 2; 
or 02, or 002, &c, are all the same; as arc also -2, or *20, 
or * 200 , &c. 

Decimal fractions may be considered as having been in¬ 
troduced by Regiomontanus, about the year 1464 , vji, 
wlicn he transformed the tables of sines from a sexagesi¬ 
mal to a decimal scale. They were also used by Ramus; 
in his Arithmetic, written in 1550; and before his lime 
by our countrymen Buckley and Rccordc. But it was 
Stevinus, who first wrote an express treatise on decimals, 
viz, about the year 1582, in La Practique d'Arilhmcliquc; 
since which time, this has commonly made a part in most 
treatises on arithmetic. 

To reduce am/ Vulgar fraction, or parts of any thing, as 
suppose to a decimal fraction of tlic same value; add 
ciphers at pleasure to the numerator, and divide by the 
denominator: thus, 

8 ) 3*000 

•373=1; 

and therefore ‘375 or is a decimal of the same value 
with the proposed vulgar fraction 
I Some vulgar fractions can nevcf be reduced into deci¬ 
mals without defect; as 4 , which by division is *33333 
infinitely. Such numbers are very properly called cir¬ 
culating decimals, and repetends, because of ihc continual 
return of the same figures. Sec Repetends and Cinco- 
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Tlio mark of distinction for decimals, called the separa- 
trix, has been various at different times, according to the 
fancy of different authors; sometimes a semiptirentbcsis, 
ur asemicrotchet, or a perpendicular bar, or the same with 
a line drawn under the figures, or simply this line itself, 
&c ; but it is usual now to write either a comma or a full 
point near the bottom of the figures; 1 place the point 
near the-upper part of the figures, in which 1 follow the 
practice of Sir I. Newton; a method which prevents the 
separatrix from being confounded with mere marks of 
punctuation, and wliich method is now used by the most 
correct nialhcmulicians. ' 


LATCS. 

The common arithmetical operations arc performed the 
same way in decimals, ns they arc in integers; regard 
being had only to the particular' notation, to distinguish 
the fractional from the integral part of a sum. Thus, in 
Addition and Subtraction of decimals, all figures of the 
same place or denomination are set directly under each 
other, the separatrix, or decimal points, forming a straight 
column. The operation of addition, or subtraction,^ is 
then performed the same as in integers. In Multiplicallofl 
of decimals set down the numbers, end multiply them as 
in integers; and point off from the product as many places 
for decimals as there are decimals in both factors; pre* 
fixing ciphers if necessary. In Division, set down the 
numbers and divide also as in integers; making as 
many decimals in the quotient, as those In the dividend 
exceed those in the difisor. Examples arc numerous and 
common in most books of arithmetic. 

Decimal Scalet, are any scales divided decimally, or 
by lens. 

DECLINATION, in Astronomy, is the distance of too 
sun, star, planet, &c, from the equinoctial, cither north¬ 
ward or southward; being the same with latitude it) geo¬ 
graphy, or distance from the equator. 

Declination is either real or apparent, according as 
real or apparent place of the point or object is cousiderto. 
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The declination of any point s is an arch of the meri- 
<jiau SE, coDtaiiKKi bcUvecii the given point and the equi* 
noctial bq. The '^dccliiiation of a star Arc, is found by 
knowing or observing the latitude of 
the place, i. c. the height of the pole, 
and then (he meridian altitude of tlie 
star, Arc; hence the ditibrence bc^- 
tween the co-latitnde and the altitude 
of the star Arc, is the declination, viz, 
the difl’crcnce between bii the co*la* 
titude, and su tlic altitude, is es the 
declinatjoiK For example, lycho found at Uranibour^^thc 
meridian altitude q/Cauda Leonis, vjz, Hs = 50® 5</'^00" 
the co-latUudc is % • - - he =54 3 45 

remains the dcclin. north - . es = I 6 53 15 

To find ihc SunU Dcclinoiion at any time; having given 
bis place in the ecliptic ; the rule is, as radius is^io the 
sine of the sun's longitude, so is the sine of the greatest dt*- 
clmaljon, or obliquity of liic ecliptic, to his present decli¬ 
nation sought* 

In constructing tables of declination of tbc sun, planets, 
and stars, regard should be had to refraction, aberration, 
nutation, and parail4x« 

By comparing ancient observations with the modern, 

« appears that the declination of the fixed stars is variable; 
and thatdiffercntly indifferent stare; for in some it increases, 
and ill others ilecrcases, and that in different quantities. 

Ci>c/« o/Declikatiok, are great circles of the sphere 
posing through tbc poles of the world, on which the de¬ 
clination is measured; and consequently arc the same as 
meridians in seosniuhv 

ParalUuqfD^CLiLTiov, is an arch of the circle of rcImtiuisheiJ lor tbc rectory of Upton- 

««r - .1 . 
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which in this case arc-negative. See FLrxioNs : also Ik- 

CREMENTS. 

DECUPLE, a term of relation or proportion in arith¬ 
metic, implying a tenfold change or scale of variation, or 
one thing 10 times as irnicli as another. 

DECUSSATION, a term in Geometry and Optics, si^ni- 
lying the crossing of any two lines or rays 6cc : or the ac- 
lion Itself of crossing.—'I hc rays of light decussate in the 
crystalline, before they reach llic retina.—Many of the 
lines of ibe 3d order decussate themsclvts. Six* Newton’s 
Laumvratio, &c. 

DEE (John), a famous mathematician and astrologer, 
was born at London 1527. In 1542 he was sent to'St. 
Johiis-college, Cambridge. After live jears close appli¬ 
cation to study, chiefly in the inatliemiiiical and astrono¬ 
mical sciences, he went over to Holland, to visit some m.a- 
thematiciaiis on the Continonl; whence, after a year’s ab¬ 
sence, he returned to Cambridge, and was there elected 
one of the Fellows ofTrinilycoilege, then first erected by 
King Henry the 8lh. In 1548 he left England a second 
time, bis stay at home being rendered ugeasy to him by 
the suspicions that were entertained of his being a con¬ 
juror, arising chiefly from his aj.[dication to astronomy, and 
Irom some of his mechanical inventions. 

He now visited the unin rsity of Louvain ; where he was 
much caressed, and visited by several persunsof high rank. 
After two years he went into France, and read lectures, 
m the college of Uheims, on Euclid’s Elemenis. In 1551, 
he returned to England, and was introduced to King 
Edward, who assigned iiim a pension of 100 crowns, 
which ho afterward relintjuished for tbc rectory of Upton- 


di/nmubcs the decimation of a star. 

P^raUeli of Dechi; ATiov^ arc lesser circles parallel to 
the cquinocual. The tropic of Cancer is a parallel of <le- 
clinaljoii at 23 28'distance from the cquinociial north¬ 
ward; and the tropic of Capricorn is the parallel of decli¬ 
nation as far distant southward. 


\vas accused of practising against the queen's life by en¬ 
chantment ; on which account he suflered a tedious con- 
hnemeiif, and was several times e.xamined ; till, in the 
year 1555, he obtained his liberty by an order of council. 

When Queen Eli2aboth ascended the throne, Dee was 
consulted concerning a propiUous Jay for the coronation; 

Aft Wnii^n L.- ...._ _i.. _ ■ . .1 


Refaction qf the Declination anarchofihecirch.nf «n n propiUous Jay for the coronation; 

Declination 0/a Vertical Plane, or Wall, in Dial- 157! we And hi l-nRiHiul the same year; but in 
mg, IS an arch of the hoiizon, comprehended either be- ill/the queen sem ^er™h ' "I*"*:’<J«'ig^rously 

tween the plane and the prime vertical, when it is counted Ilavin. ^ over two physicians to his relief. 
W the east or west; o? between theplaoc and "he nmrL t eTaffiSar '? 

dian. if It be reckoned from the north or south. whh muJh ir t.. ^ f ^11 ‘"f® ‘'ccontinued hisstudies 

DECLINATOR, „r Decl.Natokv, an instrument in ' Look, aid IZcrip; S' 

inclination, and recii- most of which were afterwards dZro^ed byThTmo!;"''' 

bclon^inff to om* /IasisU ...IsL .L-. » ^ ^ 


nation of plam-s are determined. 

DECLINEUS, or Declining Dm/r, arc those which 
cut obliquely, either the plane of the prime vertical, or the 

plane of the horizon. 

The use of declining vertical dials is very frequent; he- 
S" " arc com- 

mooly drawn, mostly decline from the cardinal points. But 
*" nrm “f* ''"y rare. • ^ ' 

nrroW. c oblique descent. 

Complement 

a variable 

and decreasing quantity becomes less and less. The indc- 
JimUily small decrements arc proportional to the fluxions, 


belonging to one who dealt with the devil. 

In 1578, ^hu queen being much indisposed, Mr. Dee 
was sent abroad to consult with German physicians and 
philosophers (astrologers no doubt) on the occasion • 

hablf^.r*"^! 1-’*' ‘‘‘"P'oy^d him as a spy ; pro^ 

nS Jji a doublc capacity. We next find him 

^ain III England, where he was soon after employed in a 
more rational service. The queen, desirous to be informed 
concerning her title to those countries which had bit-if 
discoicred by Englishmen, ordered Dee to consult the an- 
en records, and to furnish her with proper geograohicol 
desenphons. Accordingly, in a .hon time, he pr«enM 
to the qu^n at Richmond, two large rolls, in ihich ,ho 
discovered couairics were geographically described and 
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lii^jturicaUy illu>lralccl. luxt rmjilu)mint w.ib Hie 

rcformHliuJi ol iUv caU iidar, on which subject he wrote a 
rational and h annul Realise, jirescrvcul in the Ashmolcan 
library at O.xhnd. 

llillicrlo tlie exliuvaganties ul out occenlricvil philoso* 
j)her seem to been tempered >vith a tolirablo propor¬ 
tion ol reason ami science; but heiiceloruaid he is to bu 
consMh ied as a mere nccnniiancor ami credulous alchy- 
mi5(. In the year 168) he became acquainted wiih one 
E<lwar(l Kelly, by wtio>e ussisiniice he performed divers 
incantations, and maintaiiuul a lre<nienl imaginary inter¬ 
course with spirits and angtds; one ol whom made him a 
present of a black specniiini (u polished piece ol canneU 
coal), in which iIksc appeale«l to him as often as he had 
occasion for them, answering his questions, &c. Hence 
Huller says, 

Kelly did all his feats upon 

'Mie devil’s looking-glass, a stone.*' 

In 1583 they became acquainted with a certain Polish 
nobleman, then iu Kngland, named Albert Laskii a person 
equally addicted to lire same ridiculous jnirsuits: he was 
so charmed witli Dec atui Kelly, llial he persuaded them 
to accompany him to his native country; by whose 
means they were introduced to U6dolph king of Uuliemia; 
who, tliough a cre<liilous man, was soon disgusted with 
their nonsense, rhey vverc afterwards introduced to the 
king of Poland, but with no belter success. Soon after 
this they were entcriaiiicMl at llie ctistle of u rich Bohe¬ 
mian nobleman, vvlicre they lived for some time in great 
altitience; owing, as they asserted, to itieir art of transinu- 
talion by means ofaccriainpovvderm the possession of Kelly. 

JJee, now quarrelling with his companion, quitted Bo¬ 
hemia, and returned lo England, where he was once more 
graciously received by (he queen ; who, in 1595, made 
him warden of Manchester college, in which town he re¬ 
sided several years In 1()04 lie returned to his house at 
Mortluke, where he died in 1()08, ut 81 years of age; 
lc«iving a large family and many works behind him. 

'1 he books that were printed and published by Dee, arc, 

1. Propu^dumalu Aplioiistica, 6cc. in 1558, in 

2. Monas liicToglyqihica nd Ucgom Roiuao^rum Muximi* 
liaimin: 1564.—3. Kpistola ud cxiinium dneis Urbini 
mathcmuticum, Frcdcricum Commandinum, predxa libel- 
]o Machomeii Bagdndini de Superdcicrum Dividonibus 
^c; 1570.—4. 'liie British .Monarchy, otherwise called. 
The Petty Navy Iluyal ; 1576.-5. Preface JSIathcmati- 
cal to the English Euclid, puhlishcd by Henry Billingsley, 
1570: certainly a very cufious and elaborate composi¬ 
tion, and where he says, many more arts arc wholly in¬ 
vented by name, definition, property, and use, than either 
the Grecian or Roman mathematicians have left to our 
knowledge.—6. Divers and many annotations and inven¬ 
tions dispersed and added after the lOtU book of English 
Euclid ; 1570.—7* Epistolapredxa Ephetneridibus Joannis 
Fcldi k 1557, cuirationcm dcclaraverat Kphemeridcs con- 
scribendi.—S. ParallaticsCommcntaiionis Paxeosque Nu¬ 
cleus quidam ; 1573- 

This catalogue of Dec’s printed and published works is 
to be found iu his Compendious Rehearsal 5cc, as well as 
in his letter to Abp. Wbitgift: and from the same places 
might be transcribed more than 40 titles of books unpub¬ 
lished, which ho had written, 

DEFENCE, in Sieges, is used for any thing that serves 
to preserve or screen the soldiers, or the place* So the 
parapets, flanks, casemates, ravelins, and out-works, that 


cover the phice, arc called ihe defences, or covers of the 
place : and when the Cannon have beaten down or ruined 
llu'se vfork!^, so that themen cannot dght under cover, the 
defences of the place are said to be demolished. 

Line Defence, is that which flanks a bastion, being 
drawn Irom the flank opposite to it. Hie line of defence 
should not exceed u musket shot, i. c» 120 fathoms: in- 
<loc(l Mclder allows 130,Sche]ter 140, ^*auban and Pag.!!! 
150. 

LiV o/D efence, greater, or Jickant, is a line drawn 
from the p(»int of the bastion lo the concourse of the op> 
posi:e flank and curtin. 

Lmtf n/DtFE.vcE, /csser, or ratan/, or Jlanquatu, is the 
fare of the bastion continued to the curtin. 

DEFERENT, or Deferens, in the Ancient Astrono¬ 
my, an imaginary circle, which, as it were, carries about 
the body of a planet, and the same with the cxccntric; 
being invented to account for the cxccnlricity, perigee, 
and apogee of the planets. 

Dld*K’IE.Nr Uype/bola, is a curve having only one 
asymptote, though two hyperbolic legs running out infi¬ 
nitely by (he side of the asymptote, but contrary ways. 
Sec CuKyE. 

Tins name was given to the curves by Newton, in his 
Knumcratio Linenrum tertii Ordinis. There arc (i difler- 
enlspccics ofthem, which have no diameters, expressed by 
the equation ^3,^ ^ — ax^ -+• bx^ cx -h d, the term 

ax^ being negative. When the equation ax* = h- cj* 

dr -^ee has all its roots real and unequal, the curve has 
un oval joined to it. When the two middle roots are equal, 
the oval joins to the legs, which then cut one another in 
shape of a noose. When three roots arc equal, the nodus 
is changed into a very acute cusp or point. When, of 
three roots with the same sign, the two greatest arc equal, 
the oval vanishi^ into a point. When any two roots arc 
imaginary, there is only a pure serpentine hyperbola, 
without uny oval, decussation, cusp, or conjugate point; 
and when the terms b and d arc wanting, it is of the 6th 
species. 

There arc also 7 different species of these curves, having 
each one diameter, expressed by the above equation when 
the term ey is wanting : according lo the various conditions 
of the roots of the equation or* = ^ cx ^ d, astotbeir 

reality, equality, their having the sumo signs, or two of 
them being imaginary. 

Deficilkt Numbers, arc those whoso aliquot parts 
added together, make a sum less than the whole number: 
as 8, whose parts 1, 2, 4, make only 7; or the number 
16, whose parts I, 2, 4, 8 make only 15. 

DEFILF., in Fortification, a narrow line or passage 
through which troops can pass only in file, making a small 
front, so that the enemy may easily stop their march, and 
charge them with the more advantage, as the front and 
rear cannot come to the relief of one another. 

DEFINITION, an enumeration, or specification of the 
chief simple ideas of which a compound idea consists, in 
order to aaccriain or explain its nature and character. 
Definitions are of two kinds ; the one nominal, or of the 
name; the other real, or of the thing. 

Nominal Definition, is an enumeration of such known 
characters os arc sufiicicnt for distinguishing any propos^ 
thing from others; os is that of a square, when it is said 
that it is a quadrilateral, equilateral, rectangular figure. 

Real Devin iTiON, a distinct notion, explaining the gc* 
ncsis of a thing: that is, how the thing is made or done: 
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as is this doHnition of a circle, viz, that it is a tigure de. 
scribed by the motion of a right line about a lixed point. 

DEFLI'.CTfON, the turning any thing aside from its 

former course, by some adventitious or external cause._ 

The word is often applied to the tendency of ii ship from 
her true course, by reason of currents, kc, which turn her 
out of licr pgiil way. 

Deflection of the Ra^i of Li-{hl, is a properly which 
Dr. Hooke observed in 10/5. He found it dilfereiil both 
from reflection and refraction; and that it was made per¬ 
pendicularly towards the surface of the opacous body. 
This is the same property which Newton calls inflection; 
and by others it is called diflraction. 

DEGREE, in Algebra, is usi*d in speaking of equations, 
when they arc said to be of such a «legree, according to 
-the highest power of the unknown quantity. If the index 
ot that power he 2, the equation is of the 2d degree; ifd, 
it is of the 3d degree, and so on. ” 

Decree, in Geometry or Trigonometry, is the 3«Oth 
part of the circumference of any circle; for every circle is 
considered as divided int<» 31)0 parts, called decrees; 
which are marked by a small * near the top of the tfgure; 
thus 45<* is 45 degrees. The degree is subdivided into O’O 
smaller parts, called minutes, meaning first minutes; the 
niinute into 6’0 others called seconds; the second into 00 
thirds; &c. Thus 45" 12' 20" must be read 45 decrees, 
12 minutes, ^0 seconds. ** 

The magnitude or quantity of angles is reckoned in dc- 
grc»; for because of the uniform cunature of a circle in 
all its parts, equal angles at the centre arc subtended by 
equal arcs, and by similar arcs in peripheries of different 
diameters; and an angle is said to be of so many degrees, 
as are contained in the arc of any circle comprehended 
between the legs of the angle, and having the angular 
point for its centre. Thus we say an angle of 00\ or of 
45 24, or of 12® 20 30 . It is also usual to say, such a 
star is so many degrees above the horizon, or declines so 
many degrees from the equator; or such a town is situate 
III so many degrees of latitude or longitude.—A sign of the 
ecliptic, or zodiac, contains 30 degrees. 

The division of the circle into 3ff0 degrees is usually 
ascribed to ibe Egyptians, probably from the circle of the 
sun 8 annual course, or according to their number of days 
in tlic year, allotting a degree to each day. It is a conv<w 
nienl number too, as admitting of ^ great many aliquot 
parts, as 2, 3, 4, 5, 6, 8, 9, &c. The sexagesimal subdi¬ 
vision, however, has often been condemned as improper, 
by many eminent mathematicians, asStevinus, Oughtred, 
Wallis, Briggs, Gellibrand, Newton,&c; who advise-a de¬ 
cimal division instead of it, or else that of centesms; as 
the degree into 100 parts, and each of these into 100 parts 
again, and so on. Stevinus even holds, that (his division 
of the circle which he contends for, obtained in the wise 
age, in sajculo sapienti. Slev. Cosmog. lib. l,dcf. 6. 
And several large tables of sines &c have been constructed 
acwfding to that plan, and published, by Briggs, Newton, 
and othcra. And I inysclfhave carried the ideastill much 
farmer, in a memoir published in the Philos. Trans, of 
1783, containing a proposal for a new division of the qua¬ 
drant, VIZ, into equal decimal parts of the radius; by 
which means the deerccs or divisions of the arch would be 
the real lengths of the arcs, in terms of the radius: and I 
have since computed those lengths of the arcs, with their 
«nc8, to a great extent and accuracy. Sec ray new 
Iracts, vol. 9, pa. I22« The French roathcmaticians have 


lati-ly c.ilciil;itcd ihiir new Trigonometrical Taf)K-5 on uii 
emirv decimal division ol arc; viz, flrst dividing (he nua- 
drant into 100 degrees, ami these into .lecimals of d.-recs 
But It appears by .Mr. Crabtree’s letter to .Mr. Gascoione 
(inventor of the micrometer) Aug. 7, l640,that both tliese 
pnUeinen, as well as iluir mutiid friend .Mr. Horiov 
.a.l projected those tables by a complete decimal ilivisioi,.’ 
the whole arch being divid<d mt., 100,000,000 narts. 
hee Philos. Irans. vol. 27, pa. 230; or n.y Abridg vol. 
5, pa. 631, ^ o 

Deoree ,l„. space or distance on the me¬ 

ridian through winch an observer must move, to vary I,is la¬ 
titude by one .U-gree, or to increase or dimmish ihe 
tance ofa star from the zenith by mie <legre..; and which. 

on the supposition of the perfect sphericity of tl,e earth, is 
th( SbOth part of ihc iiioridiun. 

Ihc quantity ot a degree ofa meridian, or t.ther .-real 
circ e, on the surface of tl,e earth, is variously determine.! 
b> different observers; and the methods made use of are 
hKo various. 

Eraiosihent^, 250 years befor.^ Christ, Jirst-lete. mined 
the measure of a degree of the meridian, between Alexan¬ 
dria an.l byene on the borders of Ethiopia, by m.-asurinr. 
the distance between those places, an,I comparing it with 
the d.rterence of a star's zenith distance-s in iL same 
places ; found it to be sudia. 

Posidonius, in the time of Po.npey the Gn-at. by means 
of he different altitudes of « star near the horizon, mkon 
at different places under the same meridian, compared in 
like manner with the distance between those places, di- 
tcrmined the length of a .legree to be only (lOOstiuiia. 

1 tolemy h.xes the degree at (isj Arabic miles, couiili.w 
71 stadia to a mile. Tl,e Arabs tin-mselves, who nni.le a 
computation of the.Ii.nnetcr of the earth, by measurin.^ 

the distanc,- of two places under the twine meridian, in tlic 
plains of Sennar, by ord.-r of Almamon, make it only 50* 
miles. Kepler deterinincd the .liam.-ier of the earth by 
toe distance of two mountains, and makes a decree 13 
German miles; but bis method is far from being accu- 
rate. Snell, by seeking the diameter of the earth from 
the distance between two parallels of the equator, finds 
the quantily of a degree, ^ 

by one method 57064 Paris toises, or 342384 feel • 
by another melh. 57057 - toises, or 342342 feet ’ 

Ibe mean Between which two numbers, M. Picard found 
by mensuration, in 1669 , from Amiens to .Malvoisiii to 
««urate. and he makes the quantity of « de¬ 
gree 57O0O toises, OP 342360 feet. However, M Cassini 

rahmir^'"”l1700, repealed ihcsamJ 
labour, and measunng the space of 6'o is', from the ob¬ 
servatory at Pans, along the meridian, to the city of Col'- 
houre ni Roussillon, that the greatness of ihc^intcrval 
might dimmish the error, found the length of the degree 

tremal n” "'’“'‘'y with that of our coun- ' 

he diltanrrh^i*^’ "'^i' measured 

Illrawr I t found that 

lude thcdifterenceoflati- 

g 2^ 2S , hence, be determined the quantity of 
one d..g^ at 36/196 English feet, or 57300 Paris toi.e, 
or <>9 miles, 288 yards. Sec Newt. Princ. Phil, prop 10’ 

Sciciic. anno 1700, pa. 153. 

fkn V 1“""’ <^ompletcd the work of measurine 

the whole arc of the meridian through France, in 1718^ 
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(o perform wliich, lie divulc<1 the meridian of France into 
t\vt> arcs, wliicl) lie iin-asnrcd srpantoly. 

'1 he one from I’aiis toCoUicture gave him 57097 toiscs; 
the oilirr from Paris to Dunkirk - • 

lln whole arc from Dunkirk to Colliouro 57060, 
the same as Picard’s. 

M. Muschciibroek, in 1700, resolved to correct the er¬ 
rors of bnell, and found by particular observations, that 
the degree between Alcmacrand Beigcn-i>i»-zoom contained 

570;53 toises. - . 

iMtfSsieurs Maiiperluis, Clairaut, Camus, Monnier, and 
Outhier of France, wore sent on a northern expedition, 
and began their opi-rations, assisted by M. Celsus, an emi¬ 
nent astronomer of Sweden, in Swedisli Lapland, in July 
17.36, and finished them by the end of May following. 
They obtained the measure of that degree, whose middle 
point was in lat.6'()0 20' north, and found it 57439 toises, 
wlieii reduced to the level of the sea. About the same 
time anollicr company of philosophers was sent to South 
America, viz, Messieurs Godin, Bougner, and Condaminc 
of France, with wliom were Don Jorge Juan, and Don 
Antonio rie lUloa of Spain. They left Europe in 1735, 
and began their operations in the province of Quito in 
Peru, about October 1736, and finished tlicm, after many 
interruptions, about 8 years after. '1 ho Spanish gentle¬ 
men published u separate account, and assigned for the 
measure of a degree of the meridian at the eejuator 56768 
toises. M. Bouguer makes it 56753 toises, when n-duce<l 
lo the level of the sea; and M.Coiulamiue states it at 
56749 toises. 

M. l.acaille, being at the Cape of Good Hope in 1752, 
found the length of a degree of the meridian in lat. 
Sa** 18 ' 30 " south, to be 57037 toises; but in 1755, fa¬ 
ther Boscovich found the length of a degree in laU 43® 
north to be 56972 loiset, as measured between Rome and 
IVimini in Italy. In the year 1740, Messrs. Cassini and 
L^icaillc again examined the former measures in France, 
and, after making all the necessary corrections, found^ the 
measure of a degree, whose middle point is in lat. 49 22 
north, to be 57074 toises; and in the lau of 45®, it was 
57050 toises. 

In 1764 , F. Bcccnrift completed the measurement of a 
])ortion of the meridian near Turin; from which it is de¬ 
duced that the length of a degree, whose middle lat- is 
44® 44' north, is 57024 Paris toiscS. 

At Vienna, 3 degrees of the meridian were measured ; 
and the medium, for the latitude of 47® 40 north may be 
taken at 57091 Paris toises. Sec an account of this mcn- 
surement, by father Joseph Liesganig, in the Philos.Trans. 
1768 . pa. 15. 

In the same vol. there is also an accovint of the mea# 
surement of a part of the meridian in Maryland and Pen- 
sylvania, North Arncrica, 1766, by Messrs. Mason and 
Dixon ; from wliich it appears that the length of a degree 
whose middle point is 39® 12' north, is 363763 English 
fect,or56904§ Paris toises. 

From the trigonometrical survey of England and Wales, 
completed in 1802, under the direction of Licut.-col. 
Mudge, four degrees of the meridian were measured; the 
mean latitude of which was 51® 2</ 54|'', and the rncan 
length of a degree 69*1457 English miles. 

The rcmcasureracnt of a degree in Lapland, as a cor¬ 
rection of the former French operations, was performed 
during the years 1801, 1802, and 1803, by the Swedish 
inathemaucians, Ofverboom, Swanherg, liolinquist, and 


Polander; and from the account of their operations, pub¬ 
lished by M. Swanberg, the length of the degree in lat. 
66® 20* 10", is 69*2689 English miles. From a compa¬ 
rison of this result, with those from the measurements taken 
in Peru, the Fast Indies, and France, M. Swanberg de¬ 
duces a mean of for the ellipticity, and 3963 26 miles 
for the equatorial radius of ibc earth. 

In 1803 Colonel I.ambton also measured a decree in tlic 
East Indies, north lat. 12® 32', which he made 08*7445 
miles. But the latest measurement of this nature is that 
of the meridian, comprised between Barcelona in Spain 
and tbc Belcaric isles. This meridian bad before been 
measured by .Messrs. Mcchaiu and Dclambrc, from Dun¬ 
kirk to Barcelona, and the two French mathematicians 
Biot and Anigo, with the Spanish commissioners Cbaix 
and Rodcriguez, were appointed to continue the line to 
the small island of Forinentem. The lat. of this island 
was found to be 38° 40', that of Dunkirk 51® 5'; and the di¬ 
stance between the two places 1374438'73 metres: hence 
a degree is equal to 68*769 English miles; and its middle 
latitude 44® 

The following tablc» collected from the prcccilmg ac* 
counts, shows at one view the several lengths of a degree, as 
measured in various parts of the earth, with the line of its 
measurement, the country in which it was measured, the 
names of the measurers, and the lat. of the middle point: 


Date. 

Lfttiiude. 

mile*. 

^}easurcm• 

Countrieis 

1525 

49 ® 

20'n. 

68*763 

M. Furncl 

France 

1620 

52 

4n. 

66*p 1 

Snell 

Holland 

1685 

53 

15n. 

6*9*545 

Norwood 

England 

1644 



75*066 

Riccioli 

Italy 

1669 

49 

22n. 

68*945 

Picard 

Franco 

1718 

49 

22v. 

69*119 

Cassini 

!• ranee 

1737 

66 

20m. 

69*403 

Maupertuis 

Lapland 

1740 

49 

22n. 

69*121 

^ Cassini & 

France 

1740 

45 

Om. 

69*092 

3 Lacaille 

Franco 

1744 

0 

O 

68*751 

Juan &c. 

Peru 

1744 

0 

0 

68*732 

Bouguer 

Peru 

1744 

0 

0 

68*713 

Condaminc ' 

Peru 

1752 

33 

18 s. 

69076 

Lacaille 

CapcofO.H. 

1755 

43 

On. 

68*998 

Boscovich 

Italy 

1764 

44 

44n. 

69061 

Beccaria 

Italy 

1766 

47 

40 N. 

69*142 

Leisganig 

Germany 

1768 

39 

12n. 

66*893 

Mason & D. 

America 

1802 

51 

SON. 

69*146 

Mudge 

England 

1803 

66 

20n. 

69*292 

Swanberg 

Lapland 

1803 

12 

32n. 

68*743 

Li\mbton 

India 

1808 

44 

52n. 

68*769 

Biot and Ar. 

France 


The differcncQ between Swanberg’s and Maupertma^ 
suit, taken in the shme place, was owing it seems to the 
latter having omitted to allow for the difference of level m 
the measurement base, above the sea.—On the whole, it 
seems the length of the middle degree, or 45® of lat. may 
be accounted 69 tSs 

The method of obtaining the length of a degree ol tne 
terrestrial meridian, is to measure a certain distance upon 
it by a series of triangles, whose angles may be { 

observation, connected with a base, the length of '*“*^*^ 
may be taken by an actual survey, or otherwise; and to 
observe tbc different altitudes of some star at the two «- 
tremities of that distance, which gives the differonee ofla- 
tilude between them: then, by proportion, as this ditto- 
rence of latitude is to one degree, so is the measured lengin 


DEG 


[ 401 I 


D E M 


-to (he lengtii of one degree of (he meridian soughr -, which 
rnetbod was first practised by Eratosthenes, in Egypt. 
See Earth, Geocrapiiy, and the beginning of thfs ar¬ 
ticle; also Dr. T. Young's Philos, vol. 2, for a list of wri- 
on this subject* 

It appears that the meridional degrees of an ellipsoid in¬ 
crease from the equator to the pole very nearly as the 
square of the sine of the latitude. And the length of the 
degree at any point, is to the length at the equator, accu¬ 
rately as the cube of a line drawn parallel to the plumb 
liTC, from a point in the a.vis equidistant from the centre 
with the equator, and terminating in a point of the plane 
of the equator, to the cube of the line drawn from this 
point to the true pole. Or, if e be the ellipticity, and s 
the sine of the latitude, the length of the degree will \-ary 

as (I -s- ( 2 e -t- ee)xx)i. 

Degree 0/ Lmgilude, is the space between two meri- 
•hans that make an angle of 1 ® with each other at the poles • 
the quantity or length of which is variable, according to 
the latitude, being every where as the cosine of the lati¬ 
tude; viz, as the cosine of one lat. is to the cosine of ano¬ 
ther, so is the length of a degree in the former lat. to that 
in the latter; and from this theorem is computed the fol¬ 
lowing Tabic of the length of a degree of long, in different 
latitudes, supposing the earth to be a perfect sphere. 
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III. 


niilM. 


0 

1 

2 

3 

4 

5 


0907 

09-00 

0903 

08-97 

08-90 

08-61 


0 ^ 8-02 


7 

8 
9 

10 

II 


14 

15 
10 

17 

18 


08-48 
08-31 
68-13 
67*95 
07-73 

12 I 67-48 

13 1 07-21 
06-95 
66-05 
60'3I 
65-98 
65-62 

19 65-24 

20 64-84 

21 64*42 

22 03-97 

23 03-51 

24 6303 

25 6253 
62*02 
01-48 
0093 
60-33 
59-75 I 


20 

27 

28 
20 
30 


37 

38 

39 

40 

41 

42 

43 

44 

45 
40 

47 

48 

49 

50 

51 

52 

53 

54 

55 
50 

57 

58 

59 

60 


gT fcncluli 
U 0>ilr«. 

I IDfsi 
hi. 

^ Kiitflish 
miles. 

1 59-13 

1 61 

33-45 

1 58-51 

62 

32-40 

I 57-87 

63 

31-33 

t 57-20 

64 

30-24 

i 56-51 

65 

29-15 

i .55-81 

66 

28-06 

55-10 

67 

26-96 

54-37 

1 

25-85 

53-62 

69 

24-73 

52-85 

70 

23-60 

52-07 

71 

22 47 

51-27 

72 

21-32 

50-46 

73 

20-17 

49-03 

74 

19-02 

48-78 

75 

17-80 

47-93 

76 

16*70 

47-00 

77 

15-52 

46-16 

78 

14-35 

45-20 

79 

13-1? 

44-35 

80 

11*98 

43-42 

81 

10-79 

42-48 

82 

9-59 

41-53 

83 

8-41 

40-56 

64 

7'2J 

39-58 

85 

6*00 

38-58 

86 

4-81 

37'6S 

87 

3-61 

30-57 

88 

2 41 

35-54 

89 

J-21 

34-50 

90 

0-00 


Note, Tbit table is computed on the supposition that 
the length of the degrees of the equator arc equal to those 
Of the meridian at the medium latitude of 450 , which 
length IS 69 ^ English miles nearly. 

IJut, taking the earth as a spheroid, the degree of longi- 
lu^ may be found, in asy given latitude /, by saying, 


equatorial diarpeter is to the polar, $0 is tana. 
190 - 0, to tang, of an angle « : then 2d. As radius, to 
sim- of «. so IS ihe Ic ugih of a degree of the equator to ihe 

r ofgiven latitude. 

I orDF.ixci.iNi.vo Dials, are such as 

both decline and incline, or recline, at the same time. 
Suppose, for instance, a plane cutting the prime vertical 
circle at an angle of JOO, and the horizontal plane at an 
angle of 24 O, the latitude ot the place heiiig 520; a dial 
drawn on this plane, is called a deincliner. 

ACAL Problem, a celebrated piobhni amone tlie 
Ihe duplication of the cube. ° 

DELISLF- See Lisle (De). 

DhLPHINUS, constclUtionof ihe iiorib- 

cm hemisphere; whose stars, in Ptolemy's catalogue, arc 

10; in Tychos the same; in Hevelius's 14 ; and in Flam- 
Steed s 18. 

DEMETOIUS, a Cynic philosopher, and disciple of 
ApolloniusThyantus, in the age of Caligula. That cm- 
peror wishing to gain the philosopher to his interest by a 
larp present, he refused it wiih indignation, saying, •• If 
Caligula wishes to bribe me, let him send me his crown " 
Vespasian was displeased with his insolence, and banished 
him to an island. The cynic derided {he punishment, and 
bitterly inveighed against the emperor. Demetrius lived 
to a very great age. And Seneca observes, that “ nature 
bad brought him forth to show mankind iha; an exalted 
genius can live securely without being corrupted by the 
Vice of the surrounding world." ^ 

DplUBasiion, in Fortification, that which has only 
one face and one dank. ^ ' 

Diiti-Cannon, and DE.Mi-Cu/rcrm, names of certain 
species of cannon, now no longer used'. 

De»ii-0-o«, an instrument used by the Dutch to take 
the altitude of the sun or a star at sea; instead of which 
we use the cross-staff, or fore-staff. 

DEMi-Cor^c, is half the gorge or entrance into the 
bastion; not taken directly from angle to angle, where 
the bastion joins to the curtin, but from the angle of the 
flank to the centre of the bastion y or the angle the two 
curtins would make, were they thus protracted to meet 
in tbc bastion. 

Dew i-Limr, or Half-moon, an outwork consistin'* of two 
fac«, and two little flanks. It is.often built before the 
angle of a bastion, and sometimes al»o before- the curtin • 
though now u js very seldom used. ’ 

DEMOCRITUS, one of the greatest philosophers of 

anl?'* T 'Ti'race, about 

the 80tli olympiad or about 400 years before Christ 

His father, says \ alcrius Maximus, was able to entertain 

be army of Xerxes; and Diogenes Laertius adds, upon 

the t«timony of Herodotus, that the king, in rciuiwT 

pr«ented him with some Magi and Chaldeans. \'rem 

those, It seems, Dcmocnius received the first part of his 

eduMtion; and from them, while yet a boy, he learned 

theology and astronomy. He next applied Jo Leucippus 

from whom he learned the system of Zms and a vac^mn’ 

4 • cEolce of that part which con¬ 

sisted in money, as being, though the least share, the most 

cunvomcjtforiravelling; and U i, said that his W^n 

amounted to more than JOO talents, which is nwr SO 
ousand pounds sterling. His extraordinary inclination 
for knowledge and the sciencea, induced him to travel into 
all parts of the world where he might find learned mcli. 
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He went lu visit tlic priests v( Egj'pt, from whom he learn* 
^comitr) ; he cunsultcrJ Ihe Chaldean and Persian 
pfii|ns(>p|KT>; niiH it is said that he penetrated even into 
liKija and Ktlnopia, to confer with the Gymnosopliists. In 
these travels lie wabled his substance; after which, at bis 
return !u* nas oblii’cd for some lime to he maintained by 
his IrothcT Settlrng himself at Abdcra, he (here go* 
M riH d ill ilie most absolute manner, by virtue of his con¬ 
summate wisdom. 'Ihc magistrates of that city made him 
a pjvscnt ot 600 talents, and erected ^talucs to him^ even 
Ml his litetiine ; but being naturally more inclined to con¬ 
templation than (Jelighte<i with pulilic honours and em¬ 
ployments, he vvitlulrew into solitude and retirement. 

1)( niocrilus always lauglied at htirnan life, as a Conti* 
nued f.irce, w}>i<*h iua<le (lie people think he was mad ; on 
which they sent for Ilippocrati’S to cure him: but that 
cclehvatod idiysician having discoursed with the philoso¬ 
pher, told thi‘ people that lie liad a great veneratiun for 
Dcnlocrllu^ ; and that, in bis opinioii, those who esteem¬ 
ed themselves the Jno>i healtliy, were the most distem- 
[>en d. It i^ said, tinmgh with little probability, that De¬ 
mocritus (>ul out Ills <wvn eyes, that he might meditate 
more pr^ lotiiKlIy on philosophical subjects. He died, ho 
coniiiu: to Diogenes l^ertius, in the Oblsiyear before 
(tie Chi 1 st Jan (tu, at lOy years of age. He >vns the author 
of many books, w hich are lost; from which Epicurus bor¬ 
rowed |M^ pluhwopby. 

DEM(^i\ RE (Abraham), a celebrated mathemati¬ 
cian, ol I'rciich original, but who spent most of his life in 
England. IK* was born at Vitri in Champagne, l667- 
On accmini of the revocation of the edict of Nantes, in 
1685, he determined, with many others, to take shelter in 
England ; where he perfected his mathematical studies, 
the foundation of which he had laid in hts own country. 
A mediocrity of fortune obliged him to employ bis talent 
in this way in giving lessons, and reading public lectures, 
for his better support: in the latter part of his life too, he 
chiefly subsisted by giving answers to questions in chanci^ 
play, annuities, &c, and it is said must of these responses 
were delivered at a coffee-house in St. MartinVlanc, 
where he spent most of his time. The Principia Maihe- 
matica of New ton, which chance is said to have thrown in 
his way, soon convinced Demoivre* how little he had ad¬ 
vanced in the science he profess^^d. This induced him to 
redouble his application ; which was attended by a con¬ 
siderable (hgreo of success; and he soon became con¬ 
nected with, and celebrated among, the first-rate mathe¬ 
maticians. His eminence and abilities in (his line, opened 
him an entrance into the Royal Society of London, ami 
into the Academics of Berlin and Paris. By the former 
his merit was so well known and esteemed, that they 
judged him a fit person to decide the famous contest be¬ 
tween Newton and L^ibnila, concerning the invention of 
Fluxions* 

Demoivre died at London Nov. 1754 , at 87 years of 
age, I be Philosophical Transactions of Lfindon contain 
several of his papers, and all of them interesting, via. in 
the volumes I 9 , 20, 22,23,25, 27,29, 30, 32, 40, 41, 43. 

lie publishtnl also some very respectable works, viz, 

1. Miscellanea Analytica, de Seriebus et Quadraturis 
&c; 1780 , tn 4to. But perhaps he has been more gene¬ 
rally known by his 

2. Doctrine of Chances; or. Method of Calculating 
the Probabilities of Events at Play. This work was 6rst 
printed, 1718, in 4to, and dedicated to Sir Isaac Newton; 


it was reprinted in 1738, with great alterations and im* 
provements; and a third edition was afterwards printed. 

3. Annuities on Lives; first printed 1724, in 8vo.—In 
1742 the ingenious Thomas Simpson (then only 33 years 
of Hge) published hisDuctrincof Annuities and Revenions* 
in \shicli be paid some handHome compliments to our au¬ 
thor. Notniihstandingwhich, Demoivre presently brought 
out a second edition of his Annuities, in the preface to 
wliich he passed some harsh reflections .upon Simpson. 
To these the latter gave a handsome and effectual answer 
1743 , ill An Appendix, contHining some Remarks onalaie 
book Oh the same subject, with answers to some personal 
and malignant misrepresentations, in the preface thereof. 
At the end of this answer, Mr.Simpson concludes,*'Lastly, 

I ajjpeHl to all mankind, whether, in bis treatment of me, 
ho has not discovered an air of sclf-sufltcicncy, ill-nature 
nml inveteracy, unbecoming a gentleman.^' Here it would 
Si'vm the cuntroveny dropped : Mr. Demoivre published 
the 3(1 edition of his book in 1/60, without any farther no¬ 
tice of Simpson, but omitted the offensive reflections that 
had been in the preface. 

DEMONS'! Ration, a certain or convincing proof of 
some proposition : such as the dcinonslrations of the pro¬ 
positions in Euclid $ Elements. The method of demoD- 
strating in inaihemutics, is the same with that of drawing 
conclusions from principles in logic. Indeed, the demon¬ 
strations of mathematicians are no other than serit^ of cn- 
th) memes ; every thing is concluded by force of syllogism, 
only omitting the |>reniisos, which either occurof their own 
accord, or are recollected by means of quotations. 

DENDUOMETER, an instrument lately invented by 
Messrs. Duncumbe and Whittcl; so called, from its use to 
measuring trees. 

DEN ED, an Arabic term, signifying tail; used by astrcK 
nomers as a name to some of the fixed stars, but especially 
Tor the bright star in (he Lion's tail. 

DENOMINATOR, qf a PractioH^ is the number or 
quantity placed Ixdow the line, which shows the whole in¬ 
teger, or into how many parts it is supposed to be divided 
by the fraction; as that which gives dctiotninatiun or name 
to the parts of the fraction. Thus, in the fraction ^ 
(five-twelfths) the number 12 is the denominator, and shows 
that the integer is here dividiKl into }2 parts, or (bat it 
consists of 12 of (hose parts of which the numerator con¬ 
tains 5. Also b is the denominator of the fraction 7 . 

t 

Dbkomiv ATon q /*a Ratio, is the quotient arising from 
the division of the antecedent by the consequent. Thus, 
6 is the denominator of the ratio 30 to 5, i)ccau$c 30 di' 
vidud by 5 gives 6. It is otherwise called the c.xpuncat 
of tho ratio. “ 

DENSITY, that property of bodies by which they con¬ 
tain a certain quantity of matter, under a certain bulk or 
magnitude. Accordingly, a body that contains more mat¬ 
ter than another, under the same bulk, is said to be denser 
than the other, end that in proportion to tho quantity of 
matter; nr if the quantity of matter be the same, but un¬ 
der a less bulk, it is said to be denser, and so much the more 
so as the bulk is less. So that, in general, the density is 
directly proportional to tho mass or quantity of matter, 
and reciprocally or inversely proportional to the bulk or 
magnitude under which it is contained. 

The quantities of matter in bodies, or at least the pro¬ 
portions of them, arc known by their gravity or weight; 
every equal particle of matter being endowed with an equal 
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gravity Ii IS uiferrod tliat equal masses or quaiitilies of 
matter have an equal weight or grasity; and unequal 
masses have proijorlionally unequal weights. So that, 
when body, or mass, or quantity of matter is spoken of, 
we arc to understand their weight or gravity. 

From the foregoing general proportion of the density of 
bodies, VI 2 , that it is as the mass directly, and as the bulk 
inversely, may be inferred the proportion of the ma-iscs, 
or ot the inagnitudes; viz, that the mass or quantity of 
matter is in the compound ratio of the bulk and density: 
and that the hulk or inagaiiude is as the mass directly, and 
the density inversely. Hence, if b, b be two bodies, or 
masses, or weights; 

and D,<f their respective densities} 
also M,iM their magnitudes, or bulks: 

Then the theorems above arc thus expressed. 


3 i> V. V 

ticity of the air, when ihe ihermometer is at , 31 '’, and b F.r 
any other height of the baromete r, when ihe flierm<»mef, r 
»s at / degrees; then in this case, b h Ihe measure- of the 
elasticity, and 
the air. 


466 ^ f 


l> is Che measure of the dciWily of 


vi 2 , D cc and b « Dst, and m « 

or D : d : ; - : and B : A : : dm : dm, bec ; 

D 


or5=;-, and “=2^, and 

d h, ' t dm' VI —ha 

No body IS absolutely or perfectly dense; or no space 
IS perfe-ctly full of matter, so as to have no vacuity or in¬ 
terstices; on (he contrary, it is the opinion of Newton, 
that even the densest bodies, as gold, &c, contain but a 
small portion of matter, and a very great ponion of va¬ 
cuity; or that It contains a great deal more of pores or 
empty space, than of real sulMtance. 

It has been observed above, that the relative density of 
iwdiesmay be known by their weight or gravity; and hence 
the most general way of knowing those densities, is by ac¬ 
tual y weighing an equal bulk or magnitude of the bodies, 
whether solid or fluid; if solid, by shaping them to the same 

h^urc and dimensions; if fluid, by Ailing the same vessel 
WHh them, and weighing it. 

For fluids, there are also other methods of findinc their 
density; as 1st, by making an equilibrium between them 
in tubes that coimnunicaic; for, the diameters of the tubes 
Uing equal, and the weights or quantities of matter also 
equal, the densities will be inversely as the altitudes of the 
liquids in them, that is inversely as the bulk. 

2dly, The densities of fluids are also compared together 
by iromerging a solid in them; for if the solid be ifghter 
than (ho liquids, the part immerged by its otvn weight 
will be inversely as the density of the fluid; or if it be 
header, and sink in the liquids, by weighing it in them; 
then the weighu lost by the body will be directly proper’ 
tional to the densities of the fluids, * 

DENSiry <(f the Air, is a property that has much en¬ 
gaged the attention of the later philosophers, since the dis¬ 
covery of the Torricellian experiment, and the air-pump, 
Uy means of the barometer it is demonstrated, that the air 
« of the same density at all places at the same distance 
Irom the level of the sea, provided the temperature, or dc- 
gre-o of heat, be the same. Also the density of the air al¬ 
ways incrcaiw in proportion to the compression, or the 
compressing forces. And hence the lower parts of the at- 

w^\o\!t exactly proportional to the 
wh f ^ atmosphere, by reason of heat and cold, 
winch make considerable alteraUons as to rarity and den! 

‘^®I^ • ‘’V®™®*®' measures the elasUcity of the 

air, rather than Ms density. If the height of the barometer 
be considered as the measure both of the density anU clas- 


Dessitt o/Me Planets. In homogeneous, unequal, 
spherical bodies, the gravities on their surfaces are a« their 
diamcleK when the densities are equal, or the gravities 
are the densities when the hulks are cjual; therefor.- 
MI spheres of unequal magnitude and density, the giavits' 
IS in the compound ratio of the diameters and densities, or 
the densitiw arc as Ihe gravities divided by the diameicrs 
Knowing ihcrefore the diameters of the planets by obst r- 
salion and comparison, and the gravities at their surface bv 
means of the revolution of the satellites, the relation of their 
densities becomes known. And us I have found the mcai. 
density of the earth to be nearly 5 tiroes that of water (in» 
now 1 racts, vol. 12 , Tract 27) ; bence the densities of the 
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ncal, the dcnsiUtt here determined arc supposed to be the 

mean densiues, or such as the bodies would have if they 

were homogeneal, and of the same mass of matter and 
magnitude. 

DENTICLES, or Dentils, are ornaments in a cornice, 
cut after the manner of teeth. These are mostly affected 
in the Ionic and Corinthian orders; and of late also in the 

member on which they are cut. is 
called the Dcniiculc. - 

• in Navigation, is the casting or west¬ 

ing of a ship, s^th regard to the meridian she departed or 
sailed from. Or, it is the difference in longitude, cither 
j ‘>ctwocn the pn-sent meridian the ship Is un- 

Iasi reckoning or observation was 
mn^t any " hero but under the equator, 

must b<r accounted according to the number of miles in i 
degree proper to the parallel the ship is ln._The Di^ 
pariure, in Plane and Wcrcaior’s Sailing, is always reore- 
semed by the base of a right-angled plane triangle. Xra 

ined 'k ® °PP®»»c 10 il. and the distance 

sailed is the hypotbeiiuse, the perpendicular or othericrr 

‘o quadratics. It is only ih some 
there r ^ performed; as Isi, When 

divSir ® compound binomial measure, or 

known letter or quantity; then the other part of the 
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ihvjsor one root ot tlut and the wliok* equation 

being diviiled by the dj\ibor, tlic quotient is the equation 
dejirrssud orjc degree lower, So, for example, if the 
equation be — 6V' -k 11 j — f? = 0; and it be discovere<l 
(liat X is = 2, then x — 2 ivill be the divisor, by which 
dividing tlic given equatton^ it is depressed to the quadratic 
.T^ — 4 j 3 = 0, the two roots of which are I and 3* So 
tliiit ail the tltrcc roots of the given cubic equation, are, I, 
2, 3.—Or, if the given equation were x^ — bx^ — a*x ^ o* 
If 0, and it be found that b is one root of it, or that x ^ b 
is a divisor; then making the divi5ion, the c|uotient, 

= 0, is (he tiopressed equation, the two roots of 
which are x = -f- o or ~ o: so tliat the three roots arc 
^ Ut “• «, b. 

2<l. If an equation contain equal roots, these may be 
found, and the eqtiation reduced as many degrees or dimen¬ 
sions lower, as there are equal roots. For if the original 
equation — ax”"* iS;c = 0, have wi equal roots, 

tln n »x"‘» ^ (n — (n 6cc^0, has 

w — 1 of tljo>o roots, ns may be readily show n. Hence, 
when liioreare two ecjual roots, the two equations have a 
common measure of this form (r — r)"'"*, (r being one of 
the roots,) wldch may be obtained in tlie usual way, and 
thus TH roots of the original equation may be know n. Then 
diviile this equation by (x — r)**, and the resulting cqua- 
lion, of ;i ^ m dimensionsy.contains the other roots. 

I'hus, let the cubic x^ — ox' -h ix — c = 0, have two 
equal roots ; then — 2ia‘ h- 6 = 0 has one of them ; 
and the two equations have a common measure, which is a 
simple equation : the quantities — Sax* -f- Sbx — 3c, 
and 3x' — 2ax -t- A, have also the same common measure, 
which being found, wc have i(66 — 2a^)x — ^{bc — ab) 
for a divisor of the equation x^ ^ h- ^ > c s 0 ; this 

divisor being also put s 0, gives x s Thus two 

roots of the equation arc discovered; and, since a is the 
sum of all the roots, the 3d root is the difference between 
a and the sum of the two cqiinl roots* 

If two roots of the equation be of (he form -h a, ^ a, 
differing only in their signs; change the signs of the roots, 
and the resulting equation has two roots, ~ o, a; thus 
wc have two equations with a common measure, x^ — a^, 
which may be found, and the equation depressed, as in the 
former case* 

To be more parlicular:—There being only certain coses 
in which this depression can be effected, viz, lit. When there 
is any known relation between two or more of the roots; 
and, 2dly. When the equation is reciprocal, that is, when 
each of the terms of the equation, which arc equally distant 
from the Arst and lost terms, have cquql co-cfTicicnts; under 
whichfonn the relation of each pairof roots bccomesknovvn. 
With regard to the first, it seldom happens that any 
known relation subsists between the roots of an equation 
if the roots themselves an: unknown, «cxcept it be that of 
equality» wc shall therefore only consider it under this 
point of view; namely, when two or more of the roots ore 
equal, having either like, or contrary signs; referring the 
reader, for further information on this subject, to Lacroix* 
Compl6ment des Piemens d’Algcbrc, art* 38; and to 
Waring*$ Mcditationcs Algcb, cap* 3* 

1. When an equation has two equal roots, with con-* 
trary signs, it may be depressed two degrees. 

Let there be given the equation 

— ^x^ H- rx* -4- ix — r sc 0, which wc arc sup¬ 
posed to know contains two equal toots with contrary signs* 


Tiiis being the case, it is evident that wc shall not alter 
the value of the equation by writing —x instead ofx; 
w hicli gives us, — - px* 9 X^ -h rx* — ix — | ^ 0 , 

Or x^ - 4 - px^ — 9x^ — rx' rx -h r as 0, 
Also x’ —px^ — 9 X^ H- rx' sx — r s 0, 
being the given equation* Now these two equations have 
a common measure, which, being obtained by (he usual 
method, will be found to involve the 2 d power ofx; 
whence the equal roots may be determined, and the whole 
equation being divided by this common measure, will give 
us the depressed equation. We may also discover (he 
value of the equal roots in equations, not exceeding the 
6 th degree by the addition and subifaction of the above 
equations, for by (he fonner wc obtain 
2 x* — 29 X^ -H 2sx = 0 , orx' — 91 ' - 1 - x = 0 , and by (ho 

latter — 2 px* 2 rx* — 2 / = 0 , or x* ^ ~x* i s 0 * 

Therefore — </x^ h- r =s — -j* h- - ; whence wc have 

P P 

I = ±v^(;—^), which arc the two equal roots,and ctm- 

scquenlly.v* — =a 0 is a divisor of the originalcqua* 

tion, winch may thus be depressed to a cube, containing 
the other three roots. 

Suppose, for example, our given equation had been 
X* - 3x* — 17x^ - 4 - 27x* - 4 - 52x - 60 = 0. 

Then p = 3, ry := 1 7, r ss 27i ^ ^ 52, / = O'O J 


And X = ±\/(j—= i 2; the whole equation 

therefore being divided by x^ — 4 = 0, gives x^ — 3x* — 
3x 15 sO, which is a cubic equation, in which are 
contained (he other three roots. 

And exactly in the same manner may any other cqua* 
tion of this kind be depressed two degrees. 

2* When two or more of the roots arc equal, having 
like signs, the equation may be depressed as many degrees 
as there arc equal roots. 

Letx^ ^ qx ^ r = 0, be an equation having two 

equal roots with like signs, and let a and b represent (hose 
roots; then wc shall have the two following identical cqua- 
tions: < 1 ^ — pa’ - 1 - 9 a — r = 0 , 5* — p 6 ' 96 — r =: 0 , 

whence we draw (a* — 5’) — p(a* —5’) (j(a — 5) = 0 , 
and divicKng this by a 6 , we obtain (a^ -h ab 5'} — p 
(a -4- fc) 4- 9 ^ 0 ; or, since o =2 6 , 3a* — 2 pa - 4 - 9 =: 0 ; 
which has a common divisor with the original equation, 
and writing X again instead of a, this divisor will be readily 
obtained by the rule for finding the greatest common mea* 
sureoftwoquantitk* 9 , which in the present case is 

=0. »h=nc= X = 

Thus, two of the roots arc discovered, and consequently 
the equation may be depreued twb degrees as before, by 

dividing the whole of it by (j — ^ ^ 

But in the present case, as the brigionl equation was 
only of three dimensions, and p being equal to tlic sum of 
all its roots, from the nature of equations; we have 

x= 7 >—for the third root. 

Suppose, for example, the proposed equation had been 
x* — 4 j* + 5x — 52 s: 0: here p = 4, 9 = d, r ss 52; and 

one of the equal roots is s 1 ; the third root 

’ • 69 — a,® ' 

therefore is /» — 2 = 4 — 2 ss 2, and the three reots 
sought are 1, 1, and 2. 
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Wc should have obtained cNaclly the same result, by express tlip side of a r.-«al-.r 17 i . . 

considering that an equation havin» two cQual roots is i rirH^. t.a . ** '7'>iHid |)ol>-:on insrnbcd in 

ncce^^anl/divisible b/a ftcorof ih.rfo™ ^ ... 

a represents one of the .<,u.l roots: and if three U-e^^ltlsTited ,1^^';,;Fre^rh ^nlrthrir:,";;"'',''' T 

fortnr^™-3t:^.■':''3^r-y:":d“ :\r?or'™ pe';!";:"'''”" 

sai&^r rt. ri 

3 Reciprocal equations may be depresswl to others of ilis said voiidr.nr ^ ‘i '7''"’* ‘’juator, so many 
half the origtna, ditt.enstott, ihen Z hi.hesTpl'l'er ol ;o;t;r^t\“e“at ^t^ 

F y I -Op and dividing lo« the horizon ; and is rocasure.l by an arc of a vertical 

circle, intercepted between the horizon and the niace c-f 
the star. * 

Depression o/rAc Visible Horizon, or Dioo/ihe Hori. 
zon, denotes its sinking or dipping below the true horizon- 
tal plane, by the observers eye being raised above ihesur- 
face of the sea ; in consequence of which, the observed al- 
titudvofnn object is by so much too 
great. 'I’hus, the eye being at e, the 
liciglit is AE above the surface of the 
earth, whose centre is c; then eh is 
the real horizon, and sJ, the visible 
one, below the former by the angle C 

iiEA, by reason of the elevation ae of the eye. 




7. = n,we 


this by x‘, wc obtain i-i-n*+«-L.J _ f.. 

* X * X* ^ J* X* ^ 

whence it is evident, that if a be one of the roots of this 
equation, - is also a root; and in the same manner if b be 

one of its roots, then 3 is ,he other; and so on, for equa- 
tions ofhiglicr dimotiaions. 

Wc may therefore consider the given equation as gene¬ 
rated from the product (x i-a) .(x -I- 3),(r .i-6).(x+ -), 
or from the quadratic factors 

(«’ + xCa -H i) -K 1 ) . (x> + x(b •*-])-*- 1), 

or making a -f i = m, and t + 1 = the above becomes 
(j* -f- fflx -h J) . (r* -t- nx - 1 - 1) = 

x‘ + (m + n)x3 (2 (m i- n)x 1 = 0 . 

and equating the coefficients wc have m n ssp, tun = 

7 - 2 , whence « - n = s/ip* - 47 - 1 - 8 ), m s 4 p + 

‘ V P*-47^8),n=:4p-|^(p*_47.H8). 

J hus m and n arc found by a quadratic, that is, bv an 
equation of half the original dimension. As to a and b, 

those arc now readily determined: for since a 

wc have « = i,« ±s/(i'^' - 1). and since b ■ 

derive 6 = f/i ±^i{n- - J). Suppose, for example, our 
equation was s' -»• S^x^ lOfx* - 1 - Six + 1 = 0 . 

Here// = 5|, and 7 s= i0|, 
whence m = ^ p h- \s/ip‘ - 47 -e 8 ) = 3E 
and n = ip - iv^(p*- 47 -e 8) = 24 ; 
therefore a = f//i ±y'(im''- 1 ) = 3 or-J-, 

and l)-2ori; ■ 

consequently, the four roots are 3, 4 , 2, and 4 . 

And in the same manner mav any oilior equation of this 
kind be depressed to liulf its original dimension. 

When the highest power of tlic unknown quantity is un- 
even, then 1 or — 1 is a root of the equation, as is evi- 
dant from inspection; it may ihercfore be divided by x ± 

1 =s 0 ; which will depress it one degree, still leaving it 
reciprocal, after which, it may be reduced to half that di¬ 
mension, by the method above explained. Lelx‘-^px* -t- 
7x*-H ox*px ■*■ I =0, bcthegiveneqonlion, then-I -1 is 
oncdfiUrooU; dlvidingitthereforebyx—^ = 0 ,vvcobtain 

t 9 (P + l)x - 1 - 1 = 0 , 

which IS still reciprocal, and may therefore be depressed 

toa quadratic by the method alreadyemployed. M. Gauss, 
m his Disquisiiiones ArithmciicDe, which is mentioned un¬ 
der (he article Ajstbra, has shown that every equation of 
Uvo terms, of wluch the exponent is a prime number, may 
be rationally decomposed into other eqmftions. the degrees 
of which are indicated by the prime factors of the given 
i xponenl minus by moans of which he has been able to 



To compute the Depre.fion or Dip of the Horizon 
In the right-angled triangle cEA.are given cAtho oarih*. 
rajus = 21000000 feet, and the hy,;o,hcnuse ce « ,he 
radius increased by the beigl.t ak of the eye; to find the 
angle c vyhich is = the angle hrA. or ihe depression 
sought; VIZ, as cA : cr. : ; radius : secant c, 
or, ns CE : cA : : radius : cosine ^ c* 

By Cither of these Ihcorcms urc compute.! the numbers 
in the following table, which shows the deprv«ssion or din 
of the horizon of tl.e sea, for different heights of the eve 
from 1 foot (o 100 fcfi. ^ ’ 


of (lie 
eje 

Dill of 
the 

horizon 

Hcij:ht 
of ihe 
eye 

Dip of 
the 

liorizon 

Heicht 
of the 

feel 

/ ^ 

feet 

f 9 

ferx 

1 

0 57 

13 

3 26 

26 

2 

1 21 

14 

3 34 

28 

3 

1 39 

15 

3 42 

30 

4 

1 55 

10* 

3 49 

35 

5 

2 8 

17 

3 56 

40 

6 

2 20 

18 

4 3 

45 

7 

2 31 

19 

4 10 

50 

6 

2 42 

20 

4 16* 

60 

9 

2 52 

21 

4 22 

70 

10 

3 1 

22 

4 28 

SO 

11 

3 10 

23 

4 34 

90 

12 

3 18 

24 

4 40 

100 


l)i|» vi 
(oe 

liurUoa 


4 

5 
5 

5 

6 


52 

3 

14 

39 

2 


6 24 

6 44 
r 23 

7 59 
6 32 
9 3 
9 33 


Sw Robertson’s Navigation, book 9 appendix • and 

Tab C5 requisite to be used with the NautiS Ephemcris 
pa. 1. See also Levelling. *-p«emcris, 

B-bbTe; c„J, in 1689 . to .he vnlnnSle rec.orjfru;” 
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n^instcr in ; \'bic)>t lyii»g at a coiivcimnt distance 

fn^in London^ atl'c>r<l4 li lu<n an opportunity of converding 
and corrc&ixMutHi;* \m\U ihr principal literary men of ihc 
nation. Applving Inmsrlt there witli great ejigeiness to 
tlic pursuit ol his studies in natural and experinieniul phw 
ioso|)hv, li<' sooii hccame a disliiiguislic<l and useful inem« 
ber ol (lie Hoyal Societ), uhose Philosophical rransactions 
contain a great sariecy of curiotis and valuable picccsi 
tlie IruH^ ot Ids laurlable industry, in all or most of the 
volumes, from the !20th to the 39th, both inclusive; the 
principal of uhich arc : 

1. li.Nperinn nts on Pcn<lultiins in vacuo. 

2. Of an ins!rutn<*nt for finding tlie Meridian* 

3. r.xpcTiin. and Observat. on the Motion of Sound* 

4. On (he Migration of Birds. 

5. On the Spots m the Sun, from 1^03 to 17X1. 

(L Observations on the Northern Lights, Oct. 8i I726| 
and Oct. 13. 1728. 

/. 'Fables of the Eclipses of Jupiter’s Satellites. 

8. Dith fence ot 'Fimc in the meridian of difl*. places. 

9* Of the meteor calb d Ignis Fatuus. 

IO. 1'he History of the Death \Vutch. 

IP. Meteorological Diaries for several years. 

In his younger days he published his Arttlicial Clock* 
maker, a very useful little work, which has gone through 
several editions. In 1711» I712> 1714, ho preached 
those sermons at Boyle's lecture, which he afterwards 
digested under the wclUknown titles of PhysicoThcology 
and Astto^'Fhcology, or Demonstrations of the being and 
attributes of God, from his works of creation, and a sur¬ 
veyor the heavens. 

In 17X6* he was mH<lc a canon of Windsor, being at 
that time chaplain lo the prince of Wales; and in 1730 
he received, from the university of Oxford, the degree of 
Doctor of Divinity. He revised the Miscellanea Curiosa, 
ill 3 vols. 8vo, containing many curious papers of Pr, Hal¬ 
ley and several other ingenious philosopher^. To him 
also the world is indebted fur the publication of the Philo¬ 
sophical Kx])criments of the late eminent Dr. Hooke, and 
other ingenious men of his time; as well as notes and il¬ 
lustrations of several other works. 

Dr. Derham was very well skilled in medical as well as 
in physical knowledge; and was constantly a physician to 
the bodies as well as the souls of his parishioners. 'Fhis 
great and good mah, after spending his life in the most 
agreeable and improving study of nature, and the diligent 
and pious discharge of his duty, died at Upiuinstcr in 
1735, at 78 years of age. 

DERIVATIONS {Calcul^des)^ a new species of calcu¬ 
lation, which may be considered as an important discovery 
in Hnaly5is.~T|iis method was first published by M. Ar- 
bogast, professor of mathematics at Strasburgli, in 1800, 
and has since been translated irito French; but the first 
idea of this method appears to have been formed by the 
celebrated Dr. Waring, and is alluded to by him in the 
conclusion of his Meditationes Analytics. 

As the name of this method imports, it depends on the 
puncipio of deriving one term of a series from the foregoing 
ones ; and by means of a peculiar notation, this derivation 
is found to be very simple and commodious. Here, in* 
stead of symbols being made use of to represent quanti¬ 
ties, they arc employed to represent certain operations 
that are performed upon them* Thus let r{a 4 - s) be any 
function of the binomial a x, this function may be ex¬ 
panded into a scries proceeding according to tlie powers 


of X, as r (a j) = <i - 1 - 6x -4- t ic; 

whence it will be seen that a = va^ that 5 is derived from 
or from va ; c from 5 ; d from c, &c, by the same law ; 
tliercforc if we conceive the manner in which we derive b 
from G, in the same manner we derive c from 6, d from c, 
tie* '1 hen representing by d the operation to be per¬ 
formed on FG, to produce 5, we shall have b a dfo, 
c =s D*FG, d s D^FG, &c; so that the above series is 

, , . . l>r.i D*Fa . 

cxprcjiscd thus, f(o -+• x) =: ra -h -p x -j—•«- 


For farther particulars relating to this important braqcb 
of analysis, the reader is referred to the work of M. Ar- 
bogast, entitled Dos Calcul des Derivations; also to Mr. 
Woodhouse's Analytical Calculations. 

DESAGULIERS (Jon.s Theoniilus), an eminent 
experimental philosopher, was the son of the Rev. John 
Desaguliers, a French l^rotestant refugee, and bom at 
Rochelle in 158.3. Mis father brought him to England an 
infant; and having taught hint the classics himself, he sent 
him at a proper age to Christ-church college, Oxford; 
where in 1702 he succeeded Dr. Keil in reading lectures 
on experimental philosophy at Hart-Hall. In 1712 he 
married, and settled in London, when he first of any in¬ 
troduced the rending of lectures in experimental philoso¬ 
phy into the metropolis, wlpch he continued during the 
rest of his life with the greatest applause, having several 
times the honourof reading his lectures before the king and 
royal family. In 1714 be was elected f. r.s, and proved 
a very useful member, us appears from the great number 
of bis papers that arc printed in their Philos. Trans, on the 
subjects of optics, mechanics, and meteorology. The 
magnificent Duke of Chandos mnde Dr. Desogulicrs his 
chaplain, and presented him to the living of Edgware, 
near his scat at Cnnnons; and he became afterwards chap¬ 
lain to Frederick prince of Wales; but in the latter part 
of his life, he removed to lodgings over the Greot Piazsa 
in Covent Garden, where he carried on his lectures with 
great success till the time of his death in 1749>al 55 years 
of age. 

He was a member of several foreign academies, and cor¬ 
responding member of the Royal Academy u1 Sciences at 
Paris; from which academy he obtained the prize, pro¬ 
posed by them for the best account of electricity. He 
communicated a,multitude of curious and valuable papers 
to the Royal Society, from the year 1714 to 1743, or from 
vol.29to voL 42. 

Besides those numerous communications, he published 
a valuable Course of Experimental Philosophy, 1734, in 2 
large vols. 4to.; and gave an edition of David Gregor/s 
Elements of Catoptrics and Dioptrics, with an Appenmx on 
Reflecting Telescopes, 8vo, 1735. This appendix contains 
some Original Letters that passed between Sir Isaac New¬ 
ton and Mr. James Gregory, relating to those telescope^. 
He gave also an English translation 0 / Gravesande^s Na* 
tural Philosophy, in 2 large volumes in 4to, 1747* A son 
of Dr. D. was long an officer in the corps of Royal Artil¬ 
lery, was a great fovourite with hit majesty, and died'at 
no advanced age, colonel of one of the then four regimenti 
or battalions of ^at corps, about the year 1775. 

Recollecting all these favourable circumstances; that 
Dr. D. was much noticed by the learned and the grea^ 
and possessed two.churcb livings, we cannot account for 
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be circumstance of his dying in obscurity and indigence: 
yet such ?t would seem was the case; at least, if we may 
credit the poet Cawlhornc, who, speaking of the neglected 
Desaguliers, asks, 

“ How he who taught two gracious kings to view 
All Boyle eniiohled, ami all Bacon knew, 

Died in a cell, without a friend to save. 

Without a guinea, and without a "rave.” 

DLbC.-^R I KS. See Cartes. 

DKSCLNDING, a going or moving from above, down¬ 
wards.—There are ascending and descending stars, and 
ascending and descending degrees, &c. 

Oescekdinc iMtilude, is the latitude of a planet in its 
return from the nodes to the equator. 

DESChNSION, in Astronomy, is either High/, or 0* 
Inique. 

Right DESceysioN, is a point, or arch, of the equa¬ 
tor, which descends with a star, or sign, below the hori¬ 
zon, ilia right sphere; and 

^ I • ^ * vsioN, is a point, or arch, of the equa¬ 
tor, which descends at the same time with a star, or sign, 
below the horizon, in an oblique spbcrc. 

Descensions, both right and oblique, are counted from 
the first point of Aries, or the vernal intersection, accord¬ 
ing to the order of the signs, i.c. from west to east And, 
as they are unequal, when it happens that they answer to 
equal arcs «f the ecliptic, as for example to the 12 signs of 
the zodiac, it follows, that sometimes a greater part of the 
equator risw or descends with a sign, in which case the 
sign IS said to ascend or descend rightly; and sometimes 
again, a less part of the equator rises or sets with the same 
sign, in which case it is said to ascend or descend ob¬ 
liquely. Sec Ascension. 

faction cf the Descension. Sec RerRACTioN. 
DtscENstONAL Difference, is the diflerence between the 
righ t and oblique descension of the same star, or point of 
the heavens. 

Descent, or FaU, in mechanics, &c, is the motion, or 
tendency, of a body towards the centre of the earth, 
cither directly or obliquely. Bodies may be considered 
cither as freely d.-scending, as in a vacuum, or as resisted 
by some external force, as an opposing body, or a fluid 
medium, &c. Ist, If the body i descend freely, and per¬ 
pendicularly, by the force of gravity; then the motive 
force urging it downwards, is equal to its whole weight h; 
and the quantity of matter being b also, the accelerative 


force wrll be or 1. 
b 


2dly, If the body b, descending, be opposed by some 
mechanical power, suppose a wedge or inclined plane. 

tlka» _. ^ _ - r 9 


L'".! J of the 

body being b, and that of a like bulk of the fluid medium 

m, tbe motive force urging the body to descend, is only 

* - m ; that is, the body only falls by the excess of iis 

weight above that of an equal bulk of the fluid.-Hcnce 

the power that sustains a body in a medium, is equal to’ 

the excess of the absolute weight of the body above an 

equal bulk of the medium. Thus, a piece of copper 

vmghing+rjlb, loses 5iib. of its weight in water: Td 

therefore a power of 42lb. will sustain it in the water 

1 * gravity, the 

less the bulk of the descending body is, ibe more of its 

gravity does it lose, and the slower does it d.-scend, in the 
same medium, l or, though the proportion of the specific 
gravty or the body to that of tlie fl^uid be still the'^lm.' 
wbether the bulk be greater or less, yet the smaller the 
body the more the surface is, in proportion to the mass; 
an.l the more the surface, the more the resistance of the 
j)arts of the fluid, m proportion. 

5thly, If the specific gravities of two bodies be drffcrcni- 
that which has the greatest specific gravity will descend 
with greater veloc.^^ in the air. or resisting medium, than 
he other body. Thus, a bull of lead descends swifter 
than wood or cork, because it loses less of its weieht 

though in a vacuum they both fall equally swift. ' 

The cause of this descent, or tendency downwards, has 
been greatly controverted. Two opposite hypotheses have 
been advanced; the one. that it proceeds from an inter¬ 
nal principle, and the other from an external one; the first 
IS maintained by the Peripatetics. Epicureans, and the 
Newtonians ; and the latter by the Cartesians and Gassen- 
ais(s. bee also AccEtCRATioN. 

I^ws of Descent of Bodies. 

1st, Heavy bodies, in an unresisting medium, fall with 
an uniformly accelerated motion. Eor, it is Ae nature 
of all constant and uniform forces, such as that of gra¬ 
vity at the same distance from the centre of the earth to 
generate or produce equal additions of velocity in equal 
nmes. So that, if in one second of time there be pro¬ 
duced a certain velocity, in 2 seconds there will be dou¬ 
ble that velocity, in 3 seconds triple, and so on, the de¬ 
gree or quantity of velocity being always proportional to 
the length of the time. ■' * r 

2il, The space descended by an uniform gravity, in anv 
time. IS just the half of the space that might be uniformly 
draenbed in the same time by ibe last acquired velocity 
at the end of that time, if uniformly continued. For m 
the velocity increases uniformly in an nrithmciic proeres- 
sion, the whole space descended by the variable velocity 
will be t-qual to the space that would be described with 


fliat is, instJud of pureuing the 

gravity, it is made to descend in a sloping direction down ' ih’ ’ ^ ujnfurmly continued for the same 

the inclined plane : then if the natural sine of the an^le L d«cribed w^r.Vr Iw ^ thatwould 

...e pun. .he borienn he .. .he n.„Hve feree nned^" 

blc of the middle velocity, being produced in a double 

II JflC* 

3d, The spaces descended by an uniform gravity,- in 
different limes, arc proportional to the squares of the 
times, or to the squares of the velocities. For the whole 


Hie plane makes with the horizon be s, the motive force 
'irging the body down the plane will be bs; and therefore 

the accclenaive force isors; which is less than in the 

former case in the proporiioii of i to 1. 

Sdly, A body immersed in a flgi.l, loses as much of its 


;vc|gh, a. i. ^uni«.ho:;eigi;; ;v a liirbJk „r.L" K^hc^hde 

lluid; and when descending, it loses the same besides the • ‘>rac, consists of the sums of all 

obstruction aniing from the cohesion of the mrts of the ™'°cities. which are in arilhmc, 

medium, end the opposing force of the particles struck * progressmnj but the sum of such an arithmetical 

which last produces a greater or less resistocc, according heSS '*'? '“*1 '‘'r-H and 

6 int number of terms the same quanury, is equal to half 
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d»c 8 (juJirc the la>t term, or of ihe number of terms; 
ihcreforc the \\hnlc sums are as the squares of the time-s, 
or of the velocities. 

'I’iiis theory of the descents by gravity was first disco- 
v(T('d an<l tJiught by Galileo, who af(orwar<ls confiinHil 
the same hy e.Nperimonts; which have often been rej) 4 atvd 
in various ways by many other persons since Ins cinu% as 
Griniahlr, Kiccioli, Huygens, Newtoii> and many others, 
all confirming the same laws. 

The experiments of Grimuldi and lliccioli were made 
by dropping a number of balls, of half a pound weight, 
Irorn the tops of several towers, and measuring ihe limes 
of falling by a pciMiuhini. Riccird, Alnmg. Nov. tom. 1, 
lib. 2, cap. 21, prop. 4. An abstract ol their experiments 
is exhibited here below : 


Vibr:ilitiii5 

o( ilu* 

Tl.r 

(Mile 

Sjincc Ml ilir 
Cfid of %Ut 
time 

4e'^en<Jtd 
etrli time 


n 

iff 

lUm. feel 

Horn, feet 

5 , 

0 

50 

10 

10 

10 

1 

40 : 

40 

30 

\5 

2 

30 

f)0 

50 

20 

3 

20 

U)0 

70 

2.S 

4 

JO 

2.)0 

.00 

0 

t 

r> 

15 

15 

12 

2 

0 

60 

45 

18 

3 

0 

135 

75 

24 

4 

0 

240 

103 


The space descended by a heavy body in any given 
time, being detennined by experiment, is sufiicient, in 
coniie.xioii with the preceding theorems, for determining 
every inquiry concerning the times, velocities, and spaces 
dcsccnde4> di'pendingon a uniform force of gravity* From 
many accurate experiments made in England, it has been 
found that a heavy body tloscends freely tiirough 16 feet 
1 inch, or 167 V tn the first second of lime; and con« 
scquently, by theorem 2 , the velocity gained at the end of 
1 second, is 32^ feet p<T stxonc). lienee, by the same, 
and theorem 3, the velocity gained in any other time / i$ 
32^/, and the space descended is So that, if v 

denote the velocity, and t the space due to the time /, 
and there be put g = ^hen is 

V ^ Qgt 2S 2^gs = 


=:gi^= ~ s 


^8 


9s 


< = - = = 

V IT V 

Tbc experiments with pendulums give also the same 
space fur the di-sccnt of a heavy body in a second of time. 
'I'hus, in the latitude of London) it is found by experi¬ 
ment, that the length of o pendulum vibrating seconds is 
nearly 39| inches; and it being known that the time of 
one vibration of any pendulum, is to the time in winch a 
heavy body will fall through half the length of the pen¬ 
dulum, u 8 the circumference of a circle is to its diame¬ 
ter, therefore os 31416 : 1 : : 1 : which is the lime 

of descending through ip^V 'nehes, or half the length of 

the peudulum; and the spaces being as tho squares of the 

% 


times, we have as 


I 

a-Mi6 


'9A 


19A 


X 3 ’I 416 * 


=: 193 inches, or J 6 feet I inch, which therefore is the 

A 


^pacc a heavy body will descend through in one sccorkd; 
the very $ame as before. 

4 th, For any other constant force, instead of lhe per¬ 
pendicular free descent by gravity, find by experiment, 
or otherwise, tbc space di*scoudid in one 5 <*cond by that 
force, ;ind substitute that instead of Jfiry for the value of 
gin these formula;: or, if the pniporlion of the force to 
tho force of gravity be known, let the value of g be al¬ 
tered in the same proportion, arid (he same formulx will 
still hold good. So. if (he descent be on an inclined 
piano, making, for instance, an angle of 30^ with the ho¬ 
rizon ; then, (he »forco of do»cem upon the plane bung 
always as the sine uf (lie aiisle it makes with (he horizon, 
which in the picse*nt case will be as the sine of SO^, that 
is, as i the radius; thcrcfiire the value of g will be but 
half the former, in all the foregoing fo^mula^. 

Or, if one body descending perpendicularly drav^* an¬ 
other after it, by means of a curd sliding over a pulley ; 
then it will be, as tho sum of the two bodies is to (he de¬ 
scending body, so.is lOVr value of^in tliis ease; 

which value of it being used in the said formula;, they 
will still hold good. And in like manner for any other 
constant forces whatever* 

3th, 'i'he time of tho oblique descent down any chord 
of a circle, drawn either from the uppermost point or 
lowermost point of the circle, is equal to the perpendicu¬ 
lar descent through the diameter of the circle. 

()th, I'hc descent, or vibration, through all arcs of the 
same cycloid are equal, whether great or small. 

7th, But the tlescciU, or vibration, through unequal 
arcs of a circle, are unequal; the times being greater iti 
the greater arcs, and less in the less. 

8 tlj, For Descents by Forces that arc variable, sec 
Fonces, &c. See also Inclined Plane, Cycloid, 
Pendulum, 8ec. 

Line of Sw\ftui Descent, is that which a body, falling 
by the action of gravity, describes in the shortest time pos* 
si bio, from one given point to another. And this line, it 
is proved by philosophers, is the arc of a cycloid, when 
the one point'is not perpendicularly over the other* Sec 
Cycloid. 

DESCRIBENT, a term In Geometry, signifying a lino 
or superficies, by the motion of which a superficies or 
solid is described. 

DETENTS, in a clock, are those stops which^ by be¬ 
ing lifted up or let down, lock and unlock the clock in 
striking* , 

Detent- or Hoop-irAeW, iliat wheel in a clock 
which has a hoop olmost round it, in which there is a va¬ 
cancy, where the clock locks. 

DETERMINATE tiumUr. See Number* 

Determinate /Vofr/em, is that which has but one so¬ 
lution, or a certain limited number of solutions; in con¬ 
tradistinction to an indeterroinate problem, which admits 
of infinite solutions. ‘ Such, for instance, is the problem, 
To form an isosceles triangle on a given line, so that each 
of the angles at the basq shall be double of that at tho 
vertex ; which has only one solution: or this, 'i'o find an 
isosceles triangle whose area and perimeter arc given; 
which admits o/ two solutions. But if it had only been 
required to describe un isosceles triangle on a given base, 
then it is evident that an infinite number of such triangles 
might have been constructed, and therefore, the problem 
would have been .an indeterminate one* 
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Determinate &c//ow, the name of a Tract, or General 
Problem, written by the ancient geometrician Apollonius, 
None of this work has come riown to us, excepting some 
extracts, and an account of it by Pappus, in the preface 
to the 7th book of his Mathematical Collections. He 
there says that the general problem was, To cut an in¬ 
finite right line in one point so, that, of the segments con¬ 
tained between the,point of section sought, and given 
points in the said line, either the square on one of them, 
or the rectangle contained by two of them, may have a 
given ratio, either to the rectangle contained by one of 
them and a given line, or to the rectangle coiuaiuod by 
two of them/' 

Pappus further Informs us, that this Tract of Apollo¬ 
nius was divided into two books j that the first book con¬ 
tained 6 problems, and the second 3; that the 6 problems 
of the first book contained I^cpitagrnas, or cases, respect¬ 
ing the dispositions of the points; and the second book 9 . 
Further, that of the cpitagmas of the 6 problems of the 
first book, 4 were maxima, and one a minimum : that the 
maxima are at the 2d epitagma of the 2d problem, ut the 
3d of the 4th, the 3d of the 5lb, and the 3d of the 6th ; 
but that the minimum was at the 3d epitagma of the 3d 
problem* Also, that the second book contained three de- 
terminatioDs; of which the 3<i epitagma of tiie 1st pro¬ 
blem, and the 3d of the 2<1 were minima, and the 3d of 
the 3d a maximum. Moreover, that the first book had 
27 lemmas, and the 2d book 24; and lastly, that both 
books contained 83 theorems. 

From such account of the contents of this Tract, and 
the lemmas, also given by Pappus, several persons have 
attempted to restore, or recompose what they thought 
might be nearly the form of Apollonius's tract, or the sub¬ 
ject of each problem, ease, determination, &c; among 
whom arc, Snellius, an eminent Dutch mathematician of 
the 17 lh century; a translation of whose work was pub¬ 
lished In English by Mr. John Lawson, in 1772, together 
with a new restoration of the whole work by his friend 
Mr. William Woles. A more complete restoration is 
given in Dr. Sirason's posthumous works, in 1776 j as also 
by P. GianninI, at Parma, 1773. 

DEVIATION, in Astronomy. See Nutation. 
Deviation a falling body from it* perpmdicular di¬ 
rection. When the notion of the revolution of the earth 
about its axis was revived by Copernicus, various objec¬ 
tions were started against it by the adherents of the old 
system; and among others, it was asserted that, if the 
earth did really turn on its own axis, it would have fol¬ 
lowed as a natural consequence, that a stone or other 
heavy body, being let fall from an eminence, as the top of 
a lower, roust have struck the earth at a considerable di¬ 
stance from its foot towards the west; for as the motion of 
the earth was from west to cast, they conceived that it 
must necessarily have passed through a space towards the 
east, greater or less, according to the height of the tower, 
or to the time the body was in falling, before the latter 
reached the ground; and as, from experiments, this was 
found not to be the case, they considered it as an unan¬ 
swerable objection to the Copernican system. But as 
soon as the laws of motion became better known, and the 
composition of forces was properly undentood, it was 
found that, contrary to the opinions of those objectors, 
instead of the stone falling considerably to the westward 
of the lower, it ought to fall alittlc to the cast of it, which 
II what expenroents have since confirmed to be the ease. 
VOJL- I. 


And this is what is now generally understood by the de¬ 
viation of a falling body. 

This phenomenon is the natural consequence of the first 
law of motion, namely, that every body has a tendency to 
preserveits state, whether it be in motion or at rest. Thus, 
a bullet let fall from the topmast of a ship, will fall in a 
direction parallel to the ma>t, whatever may be the velo¬ 
city of the vessel, and to those on board it will have the 
appearance ofa perpendicular descent, notwithstanding its 
real path is that of the cutM* of a parabola, the same as 
if it had been projected from a state of rest with a velo¬ 
city equal to that of the ship. 

With respect to a body fulling from the top of a tower, 
the only difference is that, by reason of tlie revolution of 
the earth, the higher a body is elevated, the gnater will be 
its velocity, bicaiise it describes a greater circle in the same 
time; therefore the body having previously to its fall ac¬ 
quired a greater velocity, from west to east, than the foot 
of the tower has, it will naturally be carried a little to¬ 
wards the east. Thus the same circumstance that was 
considered as an unanswerable objection to the modern 
system of astronomy, may be now regarded as an addi¬ 
tional evidence of its truth. 

This fact is confirmed by experiment. M. Guglielmini 
was the first who drew the attention of pltilosophers to 
this subject. On causing bodies to fall from a height of 
241 feel, he found a deviation of 8 lines to the east from 
the vertical. M. Benzenberg, professor of physics and 
astronomy at Diisseldorp, made 28 experiments with balls 
well turned and polished, which were dropped from a 
height of 262 French feet, and which at a medium pro¬ 
duced 5 lines of deviation to the cast: the theory gives 4’6 
lines. And the last experiments made at Bologna, by Gu¬ 
glielmini, give nearly the same results. Yet so many are 
the causes of inaccuracy in the experiments, and so small 
the deviation required by the theory, that we hesitate in 
laying much stress on the results of these philosophers. 
Of the truth of the theory, however, there can be no doubt: 
we may .therefore here notice M. Laplace's ultimate theo¬ 
rem. Let k denote the height from which the body falls, 
g s the space fallen by gravity in the first second, a = the 
angle of the earth's rotation in the same time, at the rate 
of 360°-^0‘95727 in a day, and c= cosine of the lati¬ 
tude of the place, also d the deviation towards the cast: 

then is the deviation d 1 = (Bulletin dcs Scien¬ 

ces, N* 75 .)—In this theorem, the value of the an<»le a is 
15"*0411, or nearly 15''; and as a small arc is°near]y 
equal to its sine or tangent, therefore the value ofa is the 
sioc of 15" to radius 1; that is, a = '000072725, the log. 
of which is 5-66'l666l, which will be useful in computing 
by the above theorem. 

DEW, a thin light insensible mist, or rain, ascending 
with a slow motion, and falling while the sun is below the 
horizon. To us it appears to diflTcr from rain, us less from 
more. Its origin and matter are doubtless from the va¬ 
pours and exhalations tliat rise from the earth and water. 
See Exiia LATioN. Some define it a vapour liquefied, 
and let fall in drops, hi. Huet, in one of bis Icttcis, 
asseru that dew does not fall, but rises; and others have 
adopted the same opinion. 

M. du Fay made severdl c.spcrimcnts, fi^t with glasses 
then with pieces of cloth stretched horizontally at different 
heights; and he found that the lower bodies, with their 
under surfaces, >rcrc wetted before those that were placed 
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higher* or llu ir upper surfaces. And Du Fay and Mus- 
c hen brook both found, cIih( different subsi antes* and even 
different colours* receive the dew differently, and some 
little or not at all. 

From the principles laid down under the article Kva- 
po RATI ON, the several phenomena of dews arc easily ac¬ 
counted for. Such as, for instance, that dews arc more 
co|>ious in the spring, than in the other seasons of the 
year; there being then a greater slock of vapour in readi¬ 
ness, than at other times, by reason of the small expense 
of it in the winter's cold and frost. Hence it is too, that 
F.gypi, and some other hot countries, abound with dews 
tliruughoiJt all the heats of summer ; for the air there be¬ 
ing too hot ttj constipate tlu* vapours in the day-time, they 
never gather into clouds ; and hence they have no rain : 
but in climates that are excessively hot, the nights are re¬ 
markably cold ; so that the vapours raised after sun-set, 
are readily condensed into dews. 

It is natural to conclude, from the different substances 
which arc combined with dew, that it must be cither salu¬ 
tary or injurious, both to plants and animals. 

It is not easy to ascertain the <|uaiuicy of dew' that rist^ 
every night, or in the whole year, because of the winds 
which disperse it, the rains which carry it down, and other 
inconveniences: but it is known that it rises in greater 
abundance after rain than after dry weather, and in warm 
countries than in cold on^'S. There arc some places in 
which dew is observed only to ascend, and not to fall; and 
6thers again in which it is carried upwards in greater plenty 
than downwartls, being dispersed by the winds. 

Dr. Hales made some experiments, to determine the 
quantity of dew that falls in the niglic; and for this pur* 
pose, on the 15th of August, iit 7 in the evening, he filled 
two glazed earthen pans with moist earth ; the dimensions 
of the pans being, 3 inches deep, and 12 inches diameter: 
and he observes, (liat the moister the earth, the more dew 
falls on it in a night; and that more than a double quan¬ 
tity of dew fulls on a surface of water, than on an equal 
surface of moist earth. These pans increased in weight, 
by the night^s dew, 180 grains; and decreased in weight, 
by the evaporation of the day, 1 ox 2S2grs : so that 540 
grains more arc evaporuted from the earth every 24 hours 
in summer, than the dew that falls in the night; i. c. in 
21 days near 26 ' ounces from a circular area of a foot di¬ 
ameter. Now if ISO grains of dew, fulling in one night 
on such an area, w hich is equal to 113 sqtiarc inches, be 
equally spread on the surface, its depth will be the 159th 
part of un inch. He likewise found that the depth of 
dew iqa winter's night was the 90 th part of an inch. If 
therefore we allow 159 nights for the extent of the sum¬ 
mer's dew, it will iti that time amount to one inch in 
depth ; and reckoning the remaining 206 nights for the 
extent of the winter's dew, it will produce 2*28 inches 
depth; and the dew of the whole year will amount to 
3‘2H inches depth. . But the quantity which evaporated 
in a fair summer's day from the same surface, being 1 oz 
and 282 grs, gives the 40lh part of an inch deep fur eva¬ 
poration, which is 4 times as much as fell at night. Dr. 
Males observes, lliat the evaporation of a winter's day is 
nearly the same as in a summer's day ; the earth's greater 
moisture in winter coinpensalinc for the sun's greater heat 
in summer. Hales's VegetnbH Statics, vul. 1, p. 52 of 
the 4th edit. See Evaporation. 

Signor Boccaria made several experimonu to demon¬ 
strate the existence of the electricity that is produce^by 


dew. lie ob^*rve$ in general, that such electricity took 
place in char and dry weather, during which no strong 
w ind prevailed ; and that it depends on the quantity of the 
dew, as the electricity of the rain depends on the quantity 
of the rain. He sometimes found that it began before 
sun-set; at other times not till 11 o'clock at night. Arti^ 
JU'ial Efeciricity, Appendix, letters. 

DE WIT (John), the famous Dutch pensionary, wa^ 
born at Dort, in 16*25; where he prosecuted his studies so 
diligently, that at 23 years of age he published Llemcnta 
Curvarum Linoarum, one of the deepest books in mathe¬ 
matics at that time. After taking his degrees, and tra¬ 
velling, he, in 1650, became pensionary of Dorl, and di¬ 
stinguished himself very early in the management of public 
affairs, which soon after raised him to the rank of pen¬ 
sionary of Holland. After rendering the greatest benefits 
to his country in many important instances, and serving it 
ill several high capacities, with the greatest ability, dili¬ 
gence, and integrity, by some intrigues of a parly, it is 
said, he and his brother were thrown into prison, from 
whence they were dragged by the mob, and butchered 
w'ilh the most cruel and savage barbarity. 

DIACAUSTIC Ci/rpc, or the Caustic by Rf/raction^ is a 
species of caustic curves, the genesis of which is in the fol¬ 
lowing manner. Imagine an infinite number of rays da, 
DM, nn, &c, issuing from the same luminous point D, re¬ 
fracted to or from the perpendicular xic, by the given 
curve AMD ; and so that CE, the sines of the angles of in¬ 
cidence C.ME, be always to co the sines of the refracted 
angles CMG, in a given ratio; then the curve iifn that 
touches all the refracted rays ah, Mr, dn, &c, is called 
the Diucaustic, or Caustic by Refraction. 



DI ACOUSTICS, or Dx a phonics, the consideration 
of the properties of sound refracted in passing through 
different mediums; that is, out of a denser into a more 
subtile, or out of a more subttle into a denser medium. 
Sec Sound. 

DIAGONAL, is a right line drawn across a figure, from 
one angle to another; and is sometimes called a diamcicf. 
It is used chiedy in quadrilateral figures, viz, in parallelo¬ 
grams and trapeziums. 

1. Every diagonal, as AC, divides a 
parallelogram into two equal parts or 
triangles abc, adc. 

2. Two diagonals, ac, &d, drawn in 
a parallelogram^ bisect each other; as 
in the point £• 

3. Any line, as fg, drawn through the middle of the 
diagonal of a parallelogram, is bisected by it at the point 
£; and it divides the parallelogram into two equal parts, 
DFOC and AFOD. 

4. The diagonal of a square is incommensurable with its 

side. 
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5. The complements about tlie diagonal of any paral- 
Iclugraui are equal to each other. 

0. In any parallelogram, the sum of the squares of the 
four sides is equal tu the sum of the squares of the two 
diagonals. 

7. In any trapezium, the sum of the squares of the four 
sides is equal to the sum of the squares of llie two dia- 
gonals,*togctl»er with times the square of the distance be¬ 
tween tiie middle points of the diagonals. 

8. In any trapezium, the sum of the squares of the two 
diagonals, is double the sum of the squares of two lines bi¬ 
secting the two pairs of opposite sides. 

9. In any quadrilateral inscribed in a circle, the rect¬ 
angle of the two diagonals is equal to the sum of the two 
rectangles under the two pairs of opposite sides. 

Diagonal Scale. Sec Scales. 

DIAGRAM, is a scheme for the explanation or demon¬ 
stration of any hgure, or of its properties. 

DIAL, or Sun-Dial, an instrument for measuring time 
by mesins of the sun’s shadow. Or, it is a draught or de¬ 
scription of certain lines on the surface of a body, so that 
the shadow of a style, or ray of the sun through a hole, 
should touch certain marks at curtain hours. 

Sun-Dials are doubtless of great antiquity. But the 
first upon record is, it seems, the dial of Ahaz, who begun 
tu reign 400 years before Alexander, and within 12 years 
of the building of Rome : it is mentioned in Isaiah, chap. 
38, vcr. 8. 

Several of the ancients arc spoken of, as the construc¬ 
tors of dials; as Anaximenes Milesius, Thales, &c. Vi¬ 
truvius mentions one made by the ancient Chaldee histo¬ 
rian Bejosus, on a reclining plane, almost parallel to the 
equator. Aristarchus Samius invented the hemispherical 
dial. And there were at the same time some spherical 
ones, svith a needle for a gnomon. The discus of Aristar¬ 
chus was an horizontal dial, with its rim raised up all 
around, to prevent the shadow from stretching too far. 

It was late before the Romans became acquainted with 
dials. 'I'hc first sun-dial at Rome was sot up by Papyrius 
Cursor, about the 460th year of the city; before which 
time, Pliny says, there is no mention of anyaccountof time 
but by the sun's rising and setting: the first dial was set 
up near the temple of Quirinus; but being inaccurate, 
about 30 years after, another was brought out of Sicily 
by the consul M. V^crius Messala, which he placed on a 
pillar near the Rostrum ; but neither did this show lime 
truly, because not made for that latitude; and, after using 
it 99 years, Martius Philippus set up another more exact. 

The diversity of »un*dials arises from the different si¬ 
tuation of the planes, and from the different figure of the 
surfaces on which they are described; whence they be¬ 
come denominated Equinoctial, Horizontal, Vertical, Po¬ 
lar, Direct, Erect, Declining, Inclining, Reclining, Cy¬ 
lindrical, &c. For the general principles of their con¬ 
struction, see Dialling. 

Dials are distinguished into Primary and Secondary. 

FVfmur^. Dials, arc such as arc drawn either on the 
plane of the horizon, and thence called horizontal dials; 
or.perpcndicular to it, and called vertical dials; or else 
drawn on the polar and equinoctial planes, though neither 
horizontal itor vertical. 

Secondary Dials, arc all those that are drawn on the 
planes of other circles, besides those last mentioned; or 
those which cither decline, incline, recline, or deinctine. 

Each of these again is divided iutu several others, us: 


Equinoctial Dial, is that which is (inscribed un an 
equinoctial ptaiw, or on-.' paralkl to it. 

Horizontal Dial, is described on an horizontal plane, 
or a plane parallel to the horizon.— This dial shows the 
hours from sun-rise to sun-s< t. 

South Dial, or an E<-eci, Direct South Dial,\i, tliat de¬ 
scribed on the surface of tin- prime veilicdl circle facing 
towards the south.—This dial shows the lime from 6 in 
tiic morning till 6 ul night. 

North Dial, or an Erect, Direct North Dial, is that 
which is described on the surface oi the piiiiie vertical 
pointing nortliward. This dial only shows the hour, be¬ 
fore 6 in the morning, and after 6 in the evening. 

East Dial, or Erect, Direct Eau Dial, i> that drawn on 
tile plane of the meridian, directly to llie east.—I his can 
only show the hours till 12 o’clock. 

tl'esl Dial, or Erect, Direct H’at Dial, is that described 
on the western side ol the meridian.—This can only show 
the hours alter noon. Consequently this, and the last pre¬ 
ceding one, will siiow all the hours of the day between them. 

Polar Dial, is that which is described on a plane pass¬ 
ing through the poles of the world, and the cast and west 
points of the horizon. It is of two kinds; the first di¬ 
rected towards the zenith, and called the upper; the lat¬ 
ter, down towards the nadir, called the lower. The polar 
dial chcn'forc is inclined to the horizon in an angle equal 
to the elevation of the pole.—The upper polar dial shows 
the hours from 6 in the morning till 6' at night, and the 
lower one shows the hours before 6 in the morning, and 
after 6 in the evening, viz, from sun-rise and till sun*set> 

Declining Dials, ai-c erect or vertical dials which de¬ 
cline from any of the cardinal points; or they are such as 
cut either the plane of the prime vertical, or of tlie hori¬ 
zon, at oblique angles. 

Declining dials arc of very frequent use ; as the walls of 
houses, on which dials arc mostly drawn, commonly dc-. 
viatc from the cardinal points. 

Of declining dials there arc several kinds, which are de- 
nominati'd from the cardinal points which they arc nearest 
to; as dcclincrs from the south, and from the north, and 
even from the zenith. 

Inclined Dials, arc such os arc drawn on planes not 
erect, but inclining, or leaning forward towards the south, 
or southern side of the horizon, in an angle, cither greater 
ur less than the equinoctial plane. 

Pcclining Dials, arc those drawn on planes not erect, 
but reclined, or leaning backwards from the zenith to¬ 
wards the north, in an angle greater or less than the polar 
plane. 

Deinclined Dials, arc such as both decline and incline, 
or recline.—These last three kinds of dials are very rare. 

Dials without Centres, are those whoso hourlincs con¬ 
verge so slowly, that the centre, or point of their con¬ 
course, cannot be expressed on the given plane. 

Quadrantal Dial. See//orodiciicof Qua duant. 

Rejiecti»g Dial. See Reflecting DiaL 

Cylindrical Dial, is one drawn on the curve surface of 
a cylinder. This* may first be drawn on a paper plane, 
and then pasted round a cylinder of wood,&c. It will 
show the time of the day, the sun’s place in the ecliptic, 
and his altitude at any time of observation. 

There arc also Portable Dials, or on a Card, and Uni¬ 
versal Dials on a Plain Cross, 6tc. 

Refracted Dials, arc such as |bQw the hour by means 
o/,sume rvfiacting transparent fluia^ 
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King Dial, is a small portable dial, consisUng of a 
biass ring or rim, about 2 inches in diameter, and one- 
third oi an inch in breadth. In a point of this rim there 
IS H hole, through wliich tlic sun^beams pass, and form a 
bright speck in the concavity of the opposite semi-circic, 
>N[nch givi^s the hour of the ilay in ilje divisions marked 
within it. 

When llie hole is fixed, the dial only shows true about 
the lime of tlie equinox. But to have it perform through¬ 
out the whole year, the hole is made moveable, the signs 
of the zodiac, or the days of the month, being marked on 
the convex side of the ring ; hence, in using it, the move¬ 
able hole is sot to the day of the month, or the degree of 
the zodiac the sun is in ; then suspending the dial by the 
little ring, turn it towards the sun, and his rays through 
the hole will show the hour on the divisions within side# 

Universal^ or Astronomical Rinq^DiAL, is a ring dial 
which shows the hour of the day in any part of the earth; 
whereas the former is confined to a certain latitude# Its 
figure see represented below# 



It consists of two rings or flat circles, from 2 to 6 inches 
in diameter, and of a proportionable breadth &c. The 
outward ring a represents the meridian of any place you 
arc at, and contains two divisions of go degrees each, 
diametrically opposite to each other, the one serving from 
the equator to the north pole, the other to the south pole. 
The inner ring represents the equator, and turns exactly 
within the outer, by means of two pivots in each rin*^ at 
the hour of 12. ** 

Across the two circles is placed a thin rcglct or bridge, 
with a cursor c, sliding along the middle of the bridge, and 
having a small hole for the sun to shine through. The 
middle of this bridge is conceived as theaxis of the world, 

os the poles i on the one side arc 
drawji the signs of the zodiac, and on the other the day* 
of the month. On the edge of the meridian a piece slides, 
to which isfltted asniull ring to suspend tl\c instrument by. 

In this dial, the divisions on the axis are the tangents of 
the angles of the sun’s declination, adapted to the semi- 
diameter of the equator as radius, and placed on either 
side of the centre; but instead of laying them down from 
n line of tangenu, a scale of equal parts may bo made, of 
which 1000 shall answer exactly to the length of the semi- 
•wis, from the centre to the inside of the equinoctial ring; 
end then 434 of lhoM«parts may be laid down from the 
centre towards each end, which will limit all divisions 
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the axis, because 134 is the natural tangent of 23® 28'* 
And thus, by a nonius fixed to ihc sliding piece, and to- 
king the sun’s dociination from an ephemeris, nnd the tan¬ 
gent of that declination from the tablcof natural tangents, 
the slider may be always pvl true within 2 minutes of a 
degree. This scale of -134 equal parts might be placed 
«lirectly against the 23° 28' of the sun’s declination, on the 
axis, instead of the sun's place, which is there of little use. 
By this means the slider might be set in the usual way, to 
the day of the month, for common use ; or to the natural 
tangent of the declination, when great accuracy is re¬ 
quired. 

To use this Dial: Place the line a (on the middle of the 
sliding piece) over the degree of latitude of tlie place, as 
for instance 51i degrees for London; pul the line which 
crosses the hole of the cursor to the degree of the sign, or 
day of the month. Open the instrument so as that the 
two rin^ be at right angles to each other, and suspend it 
by the ring il, that the axis of the dial, represented by tlie 
middle of the bridge, may be parallel to the axis of the 
earth. Then turn the flat side of the bridge towards the 
sun, so that his rays, striking through the small hole in 
the middle of (he cursor, may fall exactly on a line drawn 
round the middle of the concave surface of the inner ring ; 
in which case the bright spot shows the hour of the day in 
the said concave surface of the ring. 

Nocturnal or Nighl-DiAL, is that which shows the hour 
of the night, by the light, or shadow projected from the 
moon or stars. 

Lunar or Moon Dials may be eitherpurposely described 
and adapted to the moon’s motion; or the hour may be 
found on a sun-dial by the moon shining upon it, thus: 
Observe the hour which theshadow of the index points at 
by moon-light; find the days of the moon's age in the ca¬ 
lendar, and lake 3-4tbs of that number, for the hours to 
be added to the time shown by the shadow, to give the 
hour of the night- The reason of which is, that the moon 
comes to thcsamchorarycircle later than the sun byabout 
three qunrtere of an hour every doy ; and at ‘the time of 
new moon the solar ami lunar hours coincide. 

Dial Planet, arc the plane superficies on which tho 
hour lines of dials arc drawn. • 

Tide Dial. See Tide Dia/. 

DIALLING, the art of drawing dials on any kind of 
surface, whether plane or curved. 

Dialling is wholly founded on the first motion of the 
heavenly bodies, and chiefly the sun; or rather on the 
diurnal rotation of the earth : so that the elements of sphe¬ 
rics, and spherical trigonometry, should be understood, 
before a person attempts to enter upon the doctrine of 
dialling. 

The. principles of dialling may be aptly deduced from, 
and illustrated by, the phenomena of a hollow or trans¬ 
parent sphere, as of glass. Thus, suppose avep to repre¬ 
sent the earth as transparent; and its equator as divided 
into 24 equal parts, by so many meridian semicircles a, 
&c, one of which is the geographical meridian 
of any given place, as London, which it is supposed is at 
the point o; and if the hour of 12 were marked at the 
equator, both on that meridian and the opposite one, and 
all the rest of the hours in order on the other meridians, 
those meridians would be the hour circles of London: be¬ 
cause, as the sun appears to movo round the earth, wLfeh 
is in the centre of the visible heavens, in 24 bouts, ho will 
pass from one meridian to another in one hour. Then, iF 
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the sphere had an opake axis, as vzp, terminaling in the 
poles P and p, the shadow of the axis, which is in the 



same Alanc with the sun and with each meridian, would 
fall upon every particular meridian and hour, when the 
sun came to tlic plane of thq opposite meridian, and would 
consequently show the time at London, and at all other 
places on the same meridian. If this sphere were cut 
through the middle by a solid plane abcu in the rational 
horiaoD of LondoUi one half of the axis £P would be above 
the plane, and the other half below it; and if straight 
lines were drawn from the centre of the plane to those 
points where its circumference is cut by the hour circles 
of the spherCp those lint^ would be the hour lines of an 
horizontal dial for London; for the shadow of the axis 
would fall upon each pai ticular hour line of the dial, when 
it fell upon the like hour circle of the sphere. 

If the plane which cuts the sphere be upright, as afco, 
touching the given place, for usamplo, London, at F, and 



directly opposite to the merirlianofL«ondon,it will then bo 
cometbc plane of an erect direct south dial; and if right 
lines be drawn from iU centre e, to those points of its circum'^ 
ferente where the hour circles of the sphere cut it, these ‘ 
wilt be the hour lines of a vertical or direct south dial for 
London, to wliicb the hours arc to be set in the figure, 
contrary to those on an horizontal dial; and the lower half 
y.p of the axis will cast' a shadow on the hour of the day 
in this dial, at the same time that it would fall upon the 
like hour circle of the sphere, if the dial plane was not in 
the way« 


If the plane, snil t'acijig tlie iniTiJian, be made (o in* 
cline, or rcclnu', any number of <legrt'es, the hour circles 
of the sphere wdl continue to cut tin* edge ot tlie plaite in 
those points to which the hour lines must be drawn ^t^aight 
Irom the centre; and tln^ axis of the sphere will cast h 
shadow on these lines at tljc resptxlive hours. The like 
will still hold, if the plane be made declim* by any num¬ 
ber of degrees from the meridiait to\^ard^ the east or west; 
provided the declination be less than 5)0 degrees, or the 
reclimition be less than the colatitude ot the place; and 
the axis of the sphere will be the gnomon: otherwise, the 
axis will have no elevation above the plane of the dial, and 
cannot be a gnomon. 

Thus it appears that the plane of ever) dial represents 
the plane of some great circle on the earth, and the gnomon 
the carth^s axis; the vertex of a righLgnomun the centre 
of the earth or visible heavens; and tac plane of the dial 
is just 5US far from this centre as from the vertex of the 
stile* The eunh itself, compared with its distance from 
the sun, is considered as a [loint; and therefore, if u small 
sphere of glass be placed upon any part of the earth’s sur* 
face, so that its axis bo parallel to the axis of the earth, 
and the sphere have such lines upon it, and such planer 
within it, as above described ; it will show the hours of the 
day as truly as if it were placid at the earth s centre, and 
the shell of the earth were as transparent us glass. Fergu- 
son, Icct. 10* 

The principal writers on Dials, and Dialling, arc the fol¬ 
lowing: ^'itnlvius, in his Architecture, cap. 4 ami 7* lib. 
9: Sebastian Munster, his llorolographi«i: John Dryunder 
dc Horologiorum varia Compositione Connule Gesner’s 
Pundect®: Andrew Schoner’s Gnomojiicm: Fred. Coin- 
mandine de Horologiorum Descriptionc: Joan. Bapt. Be* 
ncdictus de Gnomunum Umbrarumquc Solarium Usu : 
Joannes Georgius Schoinberg, Exegesis Fundamentoruin 
Gnonionicorum : Solomon de Caus, Truitt di^ Horologes 
Solairos: Joan. Bapt. Trolta, Praxis Horologiorum : De- 
sargucs, Manicrc Univcrsellc pour poser TEssieu et placer 
Ics Heures et autres Choscs aux Cndrans S<ilaires; Ath. 
Kircher, Ars magna Lucis et Umbr®: Halium, £xplica\iu 
Horologii in Hoito Regie Londini: Tractiuus Hoitdogi- 
orum Joannis Mark: Clavius,Gnuinoniccs de Horologiis; 
in which he demonstrates both the theory and the opera¬ 
tions after the rigid manner of the ancient mathematicians: 
Dechales, Ozamun, and Schottus, gave much easier trea¬ 
tises on this subject; hs did also Woltjus in his Elementa; 
M« Picard gave a new method of making large dials, by 
calculating the hour lines; and M. Lahirc, in his I>ial- 
ling, printed in 1683, gave a geometrical method of draw¬ 
ing hour lines from certain points, determined hy observa* 
tion* Everhard Wulper, in 1625, published his Dialling, 
in which he lays down a method of drawing the primary 
dials on very simple principles; and the same principles 
arcalsc) described at length by Sebastian Munster, in his 
Rudimenta Matheinatica, published in t65l.. In iGjQp 
Sturmius published a new edition of Wulper’s Diallings 
with the addition of a whole second part, concerning in¬ 
clining and declining dials, &c. In 1708, the same xvork 
was re*publishcd, with Sturmius’s odditioiis, and likewise 
a 4th part, containing Picard's and Lahlrc's methods of 
drawing large dials, which forms much the best and ablest 
work on the subject Paterson, Michael, and Muller, 
have each written on Dialling, in the German language: 
Cocl5iu8|in his liorologiographia Plana, printed in 1689: 
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uj Ins Ciiiomoiuca Mcchanica: Lxybourn, in his 
Dnillii)!;: l\um, in his U>r ot* Mathcmntical Instruments: 

t il', in his Al t of Slnuluws. There is also a treatise by 
M. Depurernx, 1740. Mr. Ferguson has also written on 
ihrsiiine subjoci, in his Leclnres on Mechanics; besides 
l.iiKTson, in In*' Dialling; and Mr. \V. Jones, in his In- 
>irnmontal Dialling. See also my Recreations, vol. 3. 

CniietuJ Diai.i.iso Cj/lindcr^ is represented in fig. 2, 
jil.ito ix, u luTe .\ncn is a glass cylindrical tube, closed at 
in)ill en<K with brass plates, in the ccMitrcs of which a wire 
or axjN F.i(i IS fixed. The lube i> either fixed to an hori- 
v:oTUal boar<l n, so that its axis may make an angle with 
iIh* hoard er|ual to that which the earth's axis makes with 
the horizon of any given place, being thus parallel to the 
axis of (In* earili ; or it may be made to move on a joint, 
and eh valed for lUiy particular latitude. The 24 hour 
Inii v are drawn with a dniinom] on the outside of tlie glass, 
e^niidislant from each other, and parallel to the axis. The 
Ml next n stands for midnight, and the xti next the board 
H lor noon. When the axis of this inslrumcnlis elevated 
according to the latitude, ami the board set level, with the 
line irx in (ho plane of the meridian, and the end towards 
the norih; the axis i.r<^ wlien the sun slnncs on the in- 
strument, will si*rv(* as a gnomon i)r stile, and cast a sha¬ 
dow on (lie hour of tlie day among the parallel hour lines. 
A> the plate ah at the top is parallel to the equator, and 
the axis hva peipetidicular to it, fight lines drawn from 
the centre to the oxtri inities of the parallels wall he the 
lunir lim^ of an equinoctial dial, ami the axis will be the 
side. An horizontal plate r/ put down into the lube, with 
lines drawn from the centre to thescseral parallels, cutting 
its edge, will be an horizontal dial for the given latitude; 
and a vertical plaie^c, fronting the meridian, and touching 
tlie tube with its edge, with lines drawn from its centre to 
the parallels, will be a vertical south dial: the axis of the 
instrument serving in both cases for the stile of the dial: 
and if u plate he placed within the tube, so os to decline, 
incline, or recline, by any given number of degrees, and 
lines be drawn, as above, a declining, inclining, or recli¬ 
ning dial will be formed f^or the given latitude. If the axis 
with the severul plates fixed to it be drawn out of the tube, 
and set up in sunshine in the same position as they were in 
the tube, ad will be an equinoctial dial, ^ an horizontal 
dial, and gc a vertical south dial; and the time of the day 
will be shown by the axis E?n. If the cylinder were wood, 
instead of glass, and the parallel lines drawn upon it in the 
same manner, it would serve to facilitate the operation of 
making these several dials. The upper plate with lines 
drawn to the several intersections of llic parallels, which 
appears obliquely in fig« 2, would be an equinoctial dial as 
in fig. 3, und the axis perpendicular to it be its stile*' An 
horizontal dial for the latitude of the elevation of the axis 
might be made, by drawing out the axis and cutting the 
cylinder, as at e/gh, parallel to the horizontal board ii; 
the section would be elliptic os in fig. 4. A circle might 
be described on the centre, and lines drawn to the divi¬ 
sions of the ellipse would be the hour lines; and the wire 
put in its place again, as a, would be the stile. If this cy¬ 
linder were cut by a plane perpendicular to the horizontal 
board ii, or to the line aiix, beginning atg, the plane of 
the section would be elliptical os in fig. 5, and lim^ drown 
to the points Of intersection of the parallels on its edge 
would be the hour lines of a vertical direct south dial, 
which might be made of any shape, either circular or 

h 


square, and f the axis of the cylinder would he its stile* 
Thus also inclining, declining, or reclining dials might b^' 
easily constructed, for any given latitude. Ferguson, ubi 
supra. 

Diaflixg Glcbc^ is an instrument made of brass, or 
wood, with a plane fitted to the horizon, and an index ; 
particularly contrived to draw all sorts of dials, and to gi\x* 
a clear exhibition of the principles of the art. 

Dialling Lims, or ^ales, arc graduated lines, placed 
on rules or the edges of quadrants, and other instruments, 
to expedite the construction of dials. The principal of 
these lines arc, I. A scale of six hours, which is only a 
double tangent, or tw*o lines of tangents cacli of 45 de¬ 
grees, joined together in the middle, and equal to the 
whole line of sines, with the declination set against the 
nuTidian altitudes in the latitude of London, suppose, or 
any place for which it is made : the rudius of which line 
of sines is equal to the dialling scale of six hours. 2. A 
line of latitudes, which is fitted to the hour scale, and is 
made by Ibis canon : os the radius is to the chord of 90 
degrees; arc the tangents of each respective degree of 
the line of latitudes, to the tangents of other arcs: and 
then the natural sines of those arcs are the numbers, which, 
taken from a di.igonal scale of equal parts, will graduate 
the divisions of the line of latitude to any radius. The line 
of hours and latitudes is generally for pricking down all 
dials with centres. Fur the method of constructing these 
scales, sec Scale. 

Dialling Sphere^ is an instrument made of brass, with 
several semicircles sliding over each other, on a moveable 
horizon, to demonstrate the nature of the doctrine of 
spherical triangles, and to give a true idea of the drawing 
of dials on all kinds of planes. 

DIAMETER, o/a Cfrcfc, is a right line passing through 
thecentre^and terminated at the circumfcrcnccon both sides. 

The diameter divides the circumference, and the area 
of the circle, into two equal parts. And half the diameter, 
or the semijdiamcter, is called the ratjius. 

For the proportion between the diameter and the cir- 
cumfereiicc of a circle, secCiUCLE and CincvsiFEnF.NCB. 

Diameter of h Conic Section, or 7Vonrrcr.re Diameter, 
is a right-line passing through the centre of the section, or 
the middle of the axis.^Thc diameter bisects all ordi¬ 
nates, or lines drawn parallel to the tangent at its vertex. 
See Conic Sections. 

Conjugate Diameter, is a diameter, in Conic Sections, 
parallel to the ordinates of another diameter, called the 
transverse; or parallel to the tangent at the vertex of this 
other. * 

Diameter, of any Curre, is a right line which divides 
two other parallel right lines, in such manner that, in each 
of them, all (he segments or ordinates on one side, between 
the diameter and diflerent points of the curve, arc equal to 
oil those on the other side, according to Newton's defini- 
tion of a Diameter. 

But some define a diameter to be that line, whether 
right or curved, which bisects fill the parallels drawn from 
one point to another of a curve. So that in this way every 
curve will have a diameter; and hence the curves of the 
2d order have, all of them, eithcr^a right-lined diameter, 
or else the curves of some one of the conic sections for 
diameters. And many geometrical curves of the higher 
orders, may also have for diameters^ curves of more infe¬ 
rior Drivers* 
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' Diameter q/* Gravity^ is a right line pacing through 
the centre of gravity. 

Diameter, in Astronomy. The diameters of the hea¬ 
venly bodic-s are rillicr apparent, i, e. such as they appear 
to the eye; or real, i. e, such as they are in thcmselvis. 

The apparent <(ianiclors are best measured with a mi¬ 
crometer, and are estimated by the measure of the angle 
they subtend at the eye. Tliese arc different in different 
circumstances and parts of the orbits, or according to the 
various distances of the luminary; being in the inverse 
ratio of the distnnee. 

The sun's vertical diameter is found by taking the 
height of the upper und lower edge of his di^k, when he is 
in the meridian, or near it; correcting the altitude of each 
edge on account of refraction aiid parallax; then the dif¬ 
ference between the true altitudes of the two, is the true 
apparent diameter souglit. Or tlie ap])arcut diameter may 
be detennined by observing, with a good clock, the time 
M'hicli the sun's disc takes in passing over the meridian: 
and here, when the sun is in or near the equator, the toU 
lowing pro])ortion may be used; vi2, as the time between 
the bUn’s leaving the meridian and returning to it again, 
is to S6'0 degrees, so is the time of the sun's passing over 
the meridian, to the number of minutes and seconds of a 
degree contained in his apparent diameter: ^ut when the 
sun is in a parallel at some distance from the equator, his 
diameter measures a greater number of minutes and se¬ 
conds in that parallel than it would do in a great circle, 
and takes up proportionally more time in passing over the 
meridian; in which c^e we have this proportion: as ra¬ 
dius is to the cosine of the sun's declination, so is the 
time of the suns passing the meridian reduced to minutes 
and seconds of a degri^, to the arc of a great circle which 
measures the sun's apparent horizontal diHincter, See 
Transit. 

The sut/s apparent diameter may also be taken by the 
projection of his image in a dark room. 'I'hcre are seve¬ 
ral ways of finding the apparent diainoicrs of the planets; 
hut the most certain method is that with the micrometer. 
In these diameters considerable errors were made by the 
more ancient astronomers; but, according to the best of 
the modem observations, those diameters are os bclow': 
viz, the sun^s diameter is found to vary from 32' 38^6 in 
January, to 31'33"8 in July: the apparent,diameter of 
the moon varies from about 39^ 28" to 33' S6"; her real 
diameter being about 2180 miles. The apparent diamo- 
tors of the planets, when at their respective mean distances 
from the earth, arc as follow: 

M^rriirj, Vrnui, Mart, Jupiwr, Sioim, Hencheb 

II" 58" 27" 39" 18" 3" 54"'. 

And frorh these apparent <linmetcrf| with the respective 
distances from tlic l!lartb, the rc*al diameters of the sun and 
planets have been <teUTmincd in English miles as below: 

Mercufy, Venut, Man, Jupiter, Stiurn, Ilfrichcl, Sun, 

3224 76’87 4189 89170 79042 35112 883246. 

Observations on the planets Hcrschel, Saturn, Jupiter, 
Mars, an^ the F.arth, prove that there is a sensible diffc- 
ence between their equatorial and polar diameters; and 
it is probable that there is a like difference between the 
diameters of Ihc other planets, but this has not yet been 
determined by observation. The mean apparent diameters 
of the planets, as seen from the sun, have been thus given: 

Mwury, Venu#, Earth, Mm, Jupitrr, Sviuru, Herichd, 
20^ 31/' . 17" 10" 37" 16" 4". 

Dzauetee qf a Cp/umn, is its thickness just above the 


base. From this the module is taken, which measures all 
the other partv of the column. 

Diametkk of the Diminution^ is ill at taken at the tu|i 
of the shaft. 

DiaMETER Suc///n^, IS that taken at the height 
of one third from the base. 

DIAPASON, a mu^^ical interval, otherwise called an 
octave, or eighth; so called, because it contains all the 
possible diversities of sound. It the lengths of two strings 
be la each other as 1 to 2, the icnsiuns being equal, their 
tones will produce an octave. 

DIAPENTE, is the perfect fifth, or second of the con¬ 
cords, making an octave with lUcDiatcssaron. 1 he lengths 
of the chords arc as 3 to 2. 

DIAPHANOUS Bodif or Medium^ one that is trans¬ 
lucent, or through which the rays of liglil easily pa^s ; 
as water, air, glass, talc, line porcelain, A'c. See Trans¬ 
parency. 

DIAPHONICS, is sometimes used for the science of re¬ 
fracted sound, as it passes through different mediums. 

DIASTYLE, a sort of edifice, in which the pillars stand 
at such a distance from one another, that thix'c diameters 
of their thickness uro allowed lor the intercolumniaiion. 

DIATESSARON, is the perfect lourih; or a musical 
interval, consisting of one greater lone, one lessor, andt>ne 
greater semitone. The lengths of strings to sound the di- 
atessaron, arc as 3 to 4* 

DIATONIC, a term signifying the ordinary soit of mu¬ 
sic, which proceeds by tones or degrees, both asceniling 
and descending.' It contains or admits only the grtater 
and lesser tone, and the greater semitone. 

DIESIS, a division of u lone, less than .1 semitone ; or 
an interval consisting of a lesser, or impeiiect semitone. 
The Diesis is the smallest and softot change, or iiiHexion, 
of the voice imaginable. It is also called a leiut, and is 
expressed by a St. Andrew's cross, or saltier. 

DIFFERENCE, is the excess by which one magnitude 
or quantity exceeds another. When a less quantify is 
subtracted from a greater, the remainder is otherwise 
called difference. 

Ascensional Difference* See Ascensional. 

Difference qf Latitude^ in Geography, Ac, is an arch 
of flic meridian included between the parallels of latitude 
in which any two places lie. When the latitudes arc both 
north or both south, the less lat. taken from the greater 
leaves the difference of latitude; but when the one lat. is 
north, the other south, their sum shows the dif. of lut. 

Difference qf Longitude^ of two places, is an arch of 
the equator contained betwtvn the tueridiuns of those two 
places, or the measure of the angle formed by their me¬ 
ridians. When the longitudes are both east or both west, 
the one taken from the other leaves (be dif. of longitude; 
but when (he one is cast and the other west, they are then 
to be added together for tbedif. of longitude. 

DIFFERENTIAL, an indefinitely small quantity, part, 
or difference. By some, the Differential is considered as* 
iufinitcly small, or less than any assignable quantity; and 
also as of the same import as fluxion. It is called a Dif* 
fcrcntial, or Diflrerential Quantity, because often consi- 
dered as the difference between two quantities; and as 
such it is the foundation of the Differential Calculus.- 
Newton used the term Moment in a like sense, as being the* 
momentary increase or decrease of a variable quantity. ML 
Leibnitz and others call it also on inlinitesimd.. 
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DirriRENTiAi. of ih< ]st, ‘Id, U, S(c, degree. Sec- 
I>IFFEUi;VTIO-I)U-|£llENTJAl.. 

I)iFi i KENTi A L Cotculiis, is a inolhod of difTerencing 
<iuaiitui<s. Sec DiriEiiEN f lAi, il/fMot/, Cai.cu Lus, and 
i ivxioss. 

Dirn-.RENTio.DiEPEiip.NTJAL Calculus, is a method 
of differencing rlifferential <juaiilUies. As the sign of a dif- 
Ir Tcnlial IS flu- letter </ prefixed to the <|uantily, as dz tlic 
diDcrchtial of i ; so that of a differential of dr is ddx, an«l 
tlic rlifferdrtiiil of ddi is dddx, i\c; similar to the fluxions 
X, X, X, &c. 'I'irus we have degrees t*f differentials. '1 he 
diiferr nttal of an orrlmary quantity, is a differential of the 
first order or degree, as dx; that of the 2d decree is ddx ; 
that of the Jd degree h dddx, iec. 'I'he nik-s for difle- 
reiitials, are the very same as those for fluxions. See 
I'l.UXIONS. 

Di r FEur.NTt A I,, in Logarithms. Kepler calls the loga¬ 
rithms ol tangents, Differcntiales; which wc usually call 
artillcial tangents. 

l)iFfflit.NTi.AL Equation, is an equation involving 
or Containing dift'erential riuiintiiies; us the equation 
■ix-dx — '2ardx aydx ■+■ uxdij = O. Some mftlhfmali- 
cians,as btirling, ^vc, have also a|>plied the term dificren- 
tial erjuation in another sense, to certain equations «le- 
flning the nutnre of series. 

I)t t’p EU KN T1A L .l/efAod, a method of finding quanti¬ 
ties by means of their successive difl'erences. 1 Ids method 
is of very general use and upplicalion, but especially in 
the consti uclioii of tables of numbers, and the summiiiion 
of scries, &c. It was first user!, and the rules of it laid 
<lown, by Briggs, in his Construetion of Logarithms and 
other Numbers, much the same aa they were afterwards 
taught hy Cotes, in his Conslriictio Tabulaium per Difl'e- 
rentias; tis is shown in the Introduction to my Logs, 
pa. 69 Cl seq. See Briggs’s Arithmetica Logarilhmica, 
cap. 12 and 13, ami his Trigonometria Britannica. 

The method was next treated in another form by New¬ 
ton, in the 5lh lA?inmaof the 3d book of his Priiicipia, and 
in his Methodus DifTerentialis, published by Jones in 171J, 
with the other tracts of Newton. This autlior here treats 
It us a method of describing a curve of the parabolic kind, 
through any given number of points. lie distinguishes 
two cases of this problem; the first, when the ordinates 
drawn from tlic given points to any lioe given in position, 
arc at equal distances from one another ; and the 2d, when 
these ordinates arc not at equal distances. He has given 
a solution of both cases, at first without demonstration, 
which was aftervvards supplied by himself and others: see 
his Methodus pifferentialis above mentioned; and Stir¬ 
lings Explanation of the Newtonian Differential Method, 
in the Philos. Trans. N" 362; Cotes, Dc Methodo Dif- 
fcrcntiali Newtoiiiana, published with his Harmonia Men- 
surarum ; Hermans Phoronomia; and Lc Scur and Jao 
quier, in tlieir Commentary on Newton’s Principia. It 
may be observed, that the methods there demonstrated, 
by some of these authors, extend to the description of any 
algebraic curve through a given number of points, which 
Newton, writing to Leibnitz, mentions os a problem of the 
greatesit use* 

By tliis method, some terms of a series being given, and 
conceived as’placed at given intervals, any inlermediate 
term may bo found ; which therefore gives a method for 
interpolations. Briggs’s An tin Log, ubi supra ; Newton 
Mclb. Differ* prop. 5; Stirling, Methodus Diffcrentialis! 


Thu? also may any curvilinear figure be squared nearly, 
having bome few of its ordinates. Newton, ibid, prop, 6 ; 
Oucs Dc Method* Differ.; Simpson’s Mathematical Dis¬ 
sert. pa. 115. And thus may mathematical tables be con¬ 
structed by interpolation's: Briggs, ibid. Cotes Cano- 
nutochnia. The successive differs nc4*s of the ordinates of 
parabolic curves, becoming ultimately equal, and the in¬ 
termediate ordinate required being determined by these 
differences of the ordinates, is the'reason for (he name 
Differential Method. 


lo be a little more particular.—The first case of New- 
ton’> problem amounts lo this: A scries of numbers, 
placed at e<|ual interval.^, being given, to find any in ter- 
me<liale number of that serii's, when its interval or distance 
from the first term of the series is given. Subtract each 
term of the serii's from the next following term, and call 
the remainders first differences; then subtract in like man¬ 
ner each of these differonces from the next following one, 
calling these rcmaiudeis 2(1 differences ; again, subtract 
each 2d difference from the next following, for the 3d dif¬ 
ferences ; and so on: then if a be the 1st term of the series, 
d' the first of the Isl differences, 
the first of the 2d differences, 
d! tin first of the 3d differences, &c; 
and if j be the internal or distance between the first term 


of thcscries and any term sought,T,lhali5, let the number of 
terms from a to t, both included, be sx *4- 1; then will 
the term sought, t, be s 

^ ^ ^ ^ ^ ^ X—1 X — 

^ I r • 7 • 

Hcncc, if the differences of any order become equal, 
that is, if any of the diffs. d”, d”\ &c, become s= 0, the 
above series will give a finite expression for t, the term 
sought; it being {evident, that the series must terminate 
when any of the difls. d", <f", &c, become = 0. 


It is also evident that the co-cfficicnts -, - . 

Ike of tlic differences, arc tlicsame as the terms of the bi¬ 
nomial theorem. 

Eor Example, Suppose it were required to find the log. 
tangent of 5' l" 12"' 24"", or 5' I'Y^, or 5' l"-2066, fiqc. 

'lake out the log. tangents to several minutes and se¬ 
conds, and take their first and second differences, as 
below : 


5* 0" 
5 I 
5 2 
5 3 


Twg. 

7-1626964 
7*1641417 
7 1655821 

71670178 


d' 

14453 

14404 

14357 


d* 


.491 

471 


48 


Here a 7'1641417; * = 14404; and the 

mean second difference d" = — 48. ' Hence 


A.71641417 

irf'. 2977 



Theref. the tang, of 5' I" 12*" 24"" is 71644398 
Hence may be deduced a method of finding the sums 
of the terms of such a series, calling its terms a, b, d 
&c. For, conceive a new series having its 1st term c= 0, 
its 2d A, its 3d =: A B, its 4th =s A - 4 - B C, its 
5lh s=A-i-B-*-c.*-D, and so on ; then it is plain that 
■ assigning one term of this scries, is finding the sum of all 
the terms a, b, c, d, &c. Now since these |erms are the 
differences of the sums, 0, a, a b, a -»• b c, &c; 
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anJ as some of the differences of c, &c, are = 0 by 
supposition ; it follows tliut some of the differences of the 

sums will he = 0; and since in the scries a - 4- —d' -h 

^ ^ ^ ' &c, by which a term was assigned, a repre¬ 

sented the ist term ; d' (lie 1st of the 1st diffeitmces, and 
X the interval between llic tirst term and the last ; wo are 
to write 0 instead of a> a inst<*ad of d\ it instead of d'\ d" 
instead of C^c, alsox h- 1 instead of x; which biing 

done, the series expressing the sums will beO -h 


1 a 


X + i 


X — i 


d\ ic. 


1 1 a I *i a 

Or, if the real number of tcrm> of the liiu^s be called s, 
that is, if z = X -I- 1, or x z -- 1, the sum of the series 

z— I .« * s — I * — 2 


will be KZ -H - dl H- 

i 


d" &CC. See De 
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Moivrc's Doct. ,of Chances, pa. 59> 60 ; or his Miscel. 
Atialyt.pa. 153; or Simpson's Essays, pa. 93* 

For Example. To find the sum of si.\ terms of the se¬ 
ries of squares 1 h- 4 - 4-9 l6 -t- ‘25 -f- 36, of the natural 
iiuin hers. 


Terms 

I 

4 

9 

16 

25 


3 

5 

7 

9 


d' 

2 

2 

2 


a"' 

0 

0 


Here a = 1, d's 3, d" s 2, d"' &c s 0, and t s 6; 
therefore the sum is 6 4- t- 3 t« t* 2 = 6 45 -4- 

40 ss 91 the sum required, viz, ofl -i- 4 h-9-4- 16-4-25 
-kS6, 

A variety of examples may be seen in the places above 
cited, or in Stirling's Methodiis Diffcrentialis, &c. 

As to the Differential method, it may be observed, that 
though Newton and some others have treated it as a method 
of describing an algebraic curve, at least of the parabolic 
kind, through any number of given points; yet the con- 
sideraiion of curves is not at all essential to it, though it 
may help the tmaginaiion. The description of a parabo¬ 
lic curve through given points, is the same problem as the 
finding of quantities from their given differences, which 
may always be done by algebra, by the resolution of 
simple equations. Sec Stirling's Method. Differ, pa. 97, 
This ingenious author has treated very fully of the diffe¬ 
rential method, and shown its use in the solution of some 
dilficult problems. See also SnatEs. 

UiFFEiiEKTiAL Scole^ in Algebra, is used for the scale 
of relation subtracted from unity* See/fccurrmg Seaics. 

DIFFHACTION, a term first used by Grimaldi, to 
denote that property of the rays of light, which others 
have called Inflection; the discovery of which is attributed 
by some to Grimaldi, and by otben to Dr* Ilooke* 

DIGBY (SVr Ken elm), a celebrated English philoso¬ 
pher, was born at Gothurst in Buckinghamshire, l603. 
Me was the descendant of an ancient family : fits great- 
grandfalhcri with six of bis brothers, fought valiantly 
at Bos worth-field on the side of Henry 7th, oguinst 
Richard the 3d* His father, Sir Everard, engaged in the 
gunpowder plot against James the 1st, for w hich he was 
beheaded; but the son was restored to bis estate,and had 
afterwards several appointments under King Charles the 
]st, who grunted him letters of reprisal against the Vene¬ 
tians, from whom he took several prizes with u small fie^t 
which he commanded* He fought the Venetians near the 
VuL.i.. 


port of Scandcroon, and bravely made bis way through 
them with his booty. 

in the beginning of the civil wars, he exerted himself 
greatly in the king's cause, and was aflenvards imprisoned, 
by order of the parliament; but was set at liberty in l643. 
He afterwards compounded for his estate; but being 
banished from England, he retired to France, and was 
sent on two embassies to Pope Innocent the lOtli, from 
the queen, widow to Charles the l^t, whose chancellor he 
then was. On the restoration of Charles the 2d, he re¬ 
turned to London ; where he died in 1065, at 62 years 
of age. 

Digby was a great lover of learning, and translated 
several authors into English, as well as published several 
works of liis own; as, 1. Observations upon Dr. Brown's 
Ueligto Medici, 1643.-2. Obscrvaiiims on part of Spen¬ 
ser's Fairy Queen, 1644.—3. A Treatise of the Nature of 
Bodies, 1644—4. A Treatise dechiring the Operations 
and Nature of Man's Soul, out of which the Imroortaliiy 
of reasonable souls is exiiiceJ: works that discover great 
penetration and c.vtensivc knovs ledge. 

He applied much to chemistry ; and found out several 
useful medicines, which he distributee! with a liberal hand. 
He particularly distinguislicil himself by his sympathetic 
powder for the cure of wounds at a distance; his discourse 
concerning which made great rioltc fur a while* Me held 
several conferences with Descartes, about the nature of 
the soul, and the principles of things. At the beginning 
of the Royal Society, he became a distinguished member, 
being one of the first council. And he had at his own 
bouse regular levees or meetings of learned men, to im¬ 
prove themselves in knowledge, by Conversing with one 
another. 

This eminent person was, for the ehrly pregnancy of bis 
talents, and his great proficiency ih learning, compared 
to the celebrated Picus dc Mirandola, who was one of the 
wonders of human nature. Yet his knowledge, though 
various and extensive, probably appeared greater than it 
really was; as he had all the powers of elocution and ad¬ 
dress to recommend it. He knew bow to shine in a circle, 
either of ladies or philosopbers ; and was as much attended 
to when he spoke on the most trivial subjects, as when he 
spoke on the most important. It has been said that one 
of the princes of Italy, who had do 'child, was desirous 
that his princess should bring him a son by Sir Kenelm, 
whom he esteemed a just model of perfection. 

DIGGES (Leonadd), an ingenious mathematician in 
the l6th century, was descended from an ancient family, 
and bom at Diggi^s-court in the parish of Barham in Kent - 
but in what year is not known and died about the year 
1574. He was educated fur some time at O.xford, where 
be laid a good foundation of learning ; but retiring from 
thence, he prosecuted his studies, and became an excellent 
matheinaticiuu, a skilful architect, and an expert sur¬ 
veyor of land, &:c. lie composed several books: as L 
Tcctonicum: briefly sinewing the exact Measuring, and 
speedy Reckoning of all mtinner of I^iuls, Square^ Tim¬ 
ber, Stones, 5>tt‘cples, Ac; I536,4to.; this was augmented 
and published again by liis son Thomas Digges, in 1590 • 
and also repritUed in 1647 .—2**A Geometrical Practical 
Treatise, named Puntomclria, in three books, which ho 
left in manuscript; but after his death, his son supplied 
such parts of it as were obscure and imperfect, and pub¬ 
lished it in 1591, folio; subjoining, A Discourse Geo- 
inethcul of the five regular aud Platonic bodies, containing 
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<uiulry (luorctical ami |>ractical pruposilions, arising by 
mutual conlercnci* of tbcsc soii^Is, Inscription, Circum- 
6Cn|>(ion, an<i 'rranslonnation.*'—-3. Prognostication Ever- 
Icistiug of right good clh ci: or Choice Rules to judge the 
weather by the Sun, iMooo^ and Stars, &c;in4to, 1555, 
1556, and 1564: corrected and augmented by his son, 
with divers general tables, and many compendious rules, 
in4lo, 25y2. 

DIGGES (Thomas), only son of Leonard Digges, 
after a liberal educatiofi from his tendcreslyearb, went and 
studied for some time at Oxford; and by the improve* 
ments he made theie, attd the subse<|uent instructions of 
his leanu'd father, became one of the bent mathematicians 
of his age. When Queen Elizabeth sent some forces to 
assist riie oppressed inhabitants of the Netherlands, Mr. 
Digges was appointed inuster*inastcT-general of them ; by 
which he became well skilled in military nlTuirs; as his 
writings afterwards showed. He died in 1595* 

Mr. Diggt'S, beside revising, correcting, and enlarging 
Bomc pieces of his father's, already mentioned, wrote and 
publishe<l the following learned works himself: viz, 1. Aiae 
sivc Scuhe Mathematicx: or Mathematical Wings or 
Ladders, 15739 4to. A book which contains several de¬ 
monstrations for finding the parallaxes of any comet, or 
other cek^slial bmly, with a correction of the errors in the 
use of the radius tkstronomicus.-^2. An Arithmetical 
Military Treatise, containing so much of Arithmetic as is 
necessary towards military discipline, 1579, 4to.-—3* A 
Geometrical 'IVoatise,' named Stratiolicos, requisite for 
the perfection of Soldiers, 15799 4to. This was begun by 
his father, but finished by himsolfi They were both re* 
printed together in 1590, with several additions and amend¬ 
ments, under tliis title: An Arithmetical Warlike 

Treatise, named Strntioticos, compendiously teaching the 
Science of Numbers, as well in Fractions as Integers, and 
50 much of the Rules and Equations Algebraical, anti Art 
of Numbers Cossical, as arc requisite for the profession of 
a souldier I'ogethcr with the Modernc militairc disci¬ 
pline, oflices, luwes, anti orders in every well-governed 
campc and armie, inviolably to be observed,'' At the 
end of this work there are two pieces ; the first, A briefc 
and true report^of the proceedings of the Earle of Ley- 
cestcr, for ih'e reliefe of the lowne of blucc, from his ar¬ 
rival ut Vlisliin;:, iibont the end of June 1587, untill the 
surrendrie thereof 26 Julii next ensuing. Whereby it 
shall pIuincUeappear,Iiis cxccUencm was not in anie fciult 
lor the lossc of that townc the second, ** A briefe dis¬ 
course what orders were best for n^putsing of 'forainc 
forces, if at any time they should invade us by sea in 
, Kent, or cUewbcre/'~4. A perfect Description of the 
Celestial Orbs, according to the most ancient doctrine of 
the Pythagoreans, &c. This was placed at the end of his 
fathers ** Prognostication Everlasting, printed in 

1592, 4to.—5. A humble Motive for Association to main¬ 
tain the religion established, l60l, 8vo. To which is 
lidded, his Letter to the same purpose to the archbishops 
and bishops of England.—6, England's Defence: or, A 
'J rcotisc concerning Invasion, This is a tract of the same 
nature with that printed at the cm) of his Stratiuticos, 
and called, A briefe Discourse, It ^as written in 
1599» hut not published till 1686.—7- A Letter print- 
etl before Dr. John Dec's Parallaticas Commeotationis 
praxeoique nucleus cjuidam, 157St 4to«—Beside these, 
and his Nova Corpom, be left several methcmatical 
treatises ready for the press i which, by reason of law 


suit^ and other avocation^, he was hindered from nab- 
lishing. 

If our author was great in himself, he was not less so 
in his son, Sir Dudley Digges, so celebrated as a politician 
and elegant writer; and also in his grandson Dudley. 

DIGIT, in Arithmetic, one of the ten characten O, 
], 2, 9, 4, 5, 6, 79 8, 9^ by means of which all numbers 
arc expressed. 

Digit, in Astronomy, is the measure by which the 
j)art of the lummarics in eclipses is estimated, being the 
i2th part of the diameter of the luminary. Thus, an 
eclipse is said to be of JO digits, when 10 parts out of J2 
of the dianiiter are in the eclipsed part; when the whole 
of the luminary is exactly covered, the digits eclipsed arc 
just 12; and when the Itiminurv* is more than covered, 
us often happens in lunar eclipses, then more than 12 
digits are snid to be eclipsed : Thus, if the diameter or 
broadtii of the caith's slia<low', where the moon pusses 
through, be equal to one diameter and a half of the moon, 
then 18^ or digits are said to bo eclipsed. These, digits 
arc by Wolfiijs, and some otliers, called DigitiEclipfici. 

DILATATION, a motion of the parts of a body by 
which it expands, or opens itself, so as to occupy a greater 
space.—Many authors confound dilatation with rarefac¬ 
tion; but the more accurate wrilers distinguish between 
them; defining dilatation to be the expansion of a body 
into a greater bulk, by ib own elastic power; and rare¬ 
faction, the like expansion produced by means of heat. 

The moderns have obscr\cd, that bodies which, after 
being compressed, and again left at liberty, restore them¬ 
selves perfectly; do endeavour to dilate themselves with 
the same force by which they arc compn^ssed ; and ac¬ 
cordingly they sustain a force, and raise a weight equal to 
that with which they are compressed. 

Again, bo<lics, in dilating by their clastic power, exert 
a greater force at the beginning ol their dilatation, than 
towards the end ; as being ut firat more compressed; and 
the greater the compression, the greater the elastic power 
and endeavour to dilate. So that these three, the com¬ 
pressing power, the compression, and the elastic power, 
are always equal. 

Finally, the motion by which compressed bodies restore 
themselves, is usually accelerated ; thus, when conq>re$s- 
cd air begins to restore itself, and dilate into a greater 
space, it is still compressed ; and "consequently a new im¬ 
petus is still impressed upon it, from the dilutativc cause; 
and the former remaining, with Die increase of the caiise^ 
the eficci, that is the motion and velocity, must be increa¬ 
sed also. Indeed it may happen, that where the com¬ 
pression is only partial, the motion of dilatation shall not 
be accelerated, but retarded ; us is evident in the com¬ 
pression of a spunge, soft bread, gauze, 

DIMENSION, the extension of a body, considered as 
measurable. Hence, as we conceive a body extended^ 
and measurable in length, breadth, and depth, dimension is 
considered os threefold, viz, length, breadth, and thick¬ 
ness. So a line has one dimension only« vii, length; a 
superficies two, length and breadth ; and a- body or solid 
has three, vie, length, breadth, and thickness. 

DiMEHsiOK is also particulorly used with regard to 
the powers of quantities in equations. Thus, in a simple 
equation r = a -h 5, the unknown quantity is qnly of one 
dimension; in a quadratic equation, x* ss it is of 

two dimciuions; in a cubic -h U is of threedw 

meosioDs; and so on. 
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DIMINISHED An^hy in Forlificaiion, See Akolb. 

DIMINUTION, in Music, is the abating something of 
the full value or quantity of any note. 

Diminution, in Architecture, is a contraction«of the 
upper part of a columo, by which its diameter is made less 
than that of the lower part. 

DINOCRATES, a celebrated ancient architect of Ma¬ 
cedonia, of whom several extraordinary things arc related. 
He was taken, by Alexander the Great, into Egypt, 
where he employed him in marking out and building the 
city of Alexandria: here he formed a design, in which 
Mount Athos was to be laid out into the form of a man, 
in whose left hand were to be represented the walls of a 
great city, and all the rivers of the mount flowing into his 
right, and from thence into the sea. Another inomorablc 
instance of Diuocrates's architectonic skill, is his restoring 
and buildings in a more august and magniticent man¬ 
ner than before, the celebrated temple of Diana at Epbe- ' 
sus, after Herostratus, for the sake of immortalizing his 
name, had destroyed it by fire. A third instance, more 
extraordinary and wonderful than either of the former, is 
related by Pliny in his Natural History ; who says he had 
formed a scheme for building the dome of the temple of 
Arsinoe at Alexandria ofloadstone, iu order that her image 
made entirely of iron should hang in the middle of it, as 
if it'werc in the air; but the king^s death, and bis own,' 
prevented the execution or attempt of this project. 

DIOCLES, a Greek mathematician of some celebrity, 
but more particularly remembered for his invention of the 
curve called thccyssofd or the Cissotd of Diodes. SccCis* 
aoiP. 

DIONYSIUS, the PcriegeliCf an ancient geographer 
and poet. Pliny says, he was a native of the Persian 
Alexandria, afterwards called Antioch, and at last Char- 
rax; that lie was sent by Augustus, to survey the eastern 
*part of the earth. Dionysius wrote a great number of 
pieces, enumerated by Suidas and bis commentator Eu* 
btaihius: but his Periegesis, or Survey iht IVorldy is the 
only one now extant; which may be well esteemed one of 
the mult exact systems of ancient geography, since Pliny 
himself proposed it as his pattern. 

DIONYSIAN, or Victorian Period. See Period. 

DIOPUANTINE Prol^leins^ arc certain questions re¬ 
lating to square and cubic numbers, and to right-angled 
triangles, &c; the nature of which were first and chiefly 
treat^byDiophantus, in bis Arithmetic, or rather Algebra. 

In these questions, it is chiefly intended to And com¬ 
mensurable numbers to answer indeterminate problems; 
which often bring out an infinite number of incommensu¬ 
rable quantities. For example. If it be proposed to And a 
righUanglcd triangle, whose three sides x,y,s are expressed 
by rational numbers; from the nature of the Agurc it is 
known that -i- where s denotes the hypothenuse. * 

Now it is plain lliatx and y may aUo be so taken, that % 
shall be irrational; fot ifxs i,andy = 2, thenisss\/6. 

Now the art of resolving such problems, consists in or¬ 
dering theunknown quantity or quantities, in such a man¬ 
ner, that the square or higher power may vanish out of the 
^uation, and then by means of the unknown quantity in 
its Ant dimension, the equation may be resolved without 
having racouncto iocommensurabies. For example, in the 
equation above, ^ y^ — suppose s s x u, then is 
^ 2xaH- u*, out of which equation vanishes, 

and tlienit isy^ = 2xn ^ which gives x ^ hence, 


assuming y and u equal to any numbers at pleasure, the 
three sides of the triangle will be y, 




and 


which 


or 


are 


out of fractions, 2i/y, and y■ — u*, and y^ 
all rational whenever yaud u are mtionul. For example, if 
y = 2, and as 1, then y* — — 3, i\nd 2i/y = 4, and 

y* H- 5. • It is evident that problem admits of in- 
Anile numbers of solutions, as y or u may be assumed any 
numbers at pleasure. • 

But, ju quodtions of this kind, V(*ry few directions can 
be given, os the method of solution inubt be left, in a great 
measure, to the skill and ingenuity em|>loyed in the sub¬ 
stitution Ac, for unknown quantitie's. Thus, a person ac¬ 
quainted with this branch of algebra, would have imme¬ 
diately substituted in the above equation, 

X = v^ ^ u\ or = p’ — 2t'*K‘ 
and y = 2vuy ory^ = 


u 


hence z == p* or ^ 


u 


where r and u may be taken at pleasure. 

Or if the equation had been x* —y^sst*. Then by 
making (r* andy^= we should ha\c 

= where v and u may be taken any num¬ 

bers wbau^ver, as before. 

Ex. 2. To And the general values of xandy, such, 
that X* -t-y# and x* —y, may be both complete squares. 
Or, which is the same thing, to And three square numbers 
in arithmetical progression. 

First, put x' -t- j, = 1 ^ ^ 

and X* — y = s’ j 

or 2x’ — tp’ = s’. Now make x ^ m, or 2 
-f- Awm ^ 3m^: hence s’ = w’ 4u*f/i 2m*, which must 
be a complete square; therefore substitute ; stp ^ r, and 
we obtain n- 4it7n 2m* = w* -t- 2t:T -h r% 

or (4m — 2r) u» = r* 2wr’; hence we have xv s ^ — ; 


..a 


X* = 2w* 


w m = x = 


H — 2rm 4- am’ 


W -4- r = ss 


4m — '2r 4m — ar 

Or, since the denominators arc equal, we may make 
tp = r* — 2m*, X = r* — 2r/n -♦• 2m*, and * =: — r’ 4rm 

2m*; where r and m may be assumed at pleasure, either 
integral or fractional. In the Arst values oftp, x, and z ; 
by assumingr = 6, and m = 4, we have w = 1, x = 5, and 
X » 7; and therefore 

1, 25, and 49, the three square numbcis required. 

Now some of those general expressions being once ob¬ 
tained, they may be frequently introduced to abreviate ibe 
operations in more intricate questions. For an example 
of which we will propose the following problem. 

Er. 3. To And the values of x and y, such, that unity 
being added to each of them, os also to their sum, and 
diflcrcnce, the four numbers thus arising shall be square 
numbers. 

FirstsubslUutJ 

( X — J/ ■+■ 1 S f*. 

Ileru, we sec that the three squares s^, P, and pS arc in 
arithmetical progression, their common difference being jr. 

The question therefore is reduced to the 6nding of three 
square numbers in arithineiical progression, whose com> 
mpn difference ■+■ 1 may be a square ; therefore from iho 
foregoing example let »* = (r* — 2«')‘% f’ = (r* — Unn 

p*sss{ — r* -h 4rtn — 2m*)*, which we know arc in 
arithmetical progression, their common difference ^ing 

8rm*=y; and we have to find 4r^m 

3 n 2 


4r’m — 12r*m* 


I 
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— rir’m* H- 8rm’ ■+■ 1 « vmiarc*. SulislituU' its root = 1 
■*- 4rm’, and we thusubtain I6r*ni''= +r*/» — 12r’wi*;or di- 
\idiiig by 4r*wj, we have r =: 4r«’ •*- 3m : wlicre m may be 
assumed at pleasure. By taking m = I, wc have r = 7, 
also p‘ := 329, = •30'9; again /* — 1 = 1368 = x, 

and t‘ —p' = 840 =y, which are the two numbers sought, 

r 1368 -1- 1 = 37' 

, , 1 1 840 -4- 1 =29' 

the four squares being1368 ^ 840 -4- 1=47' 

( 1^68 — 840 ^ 1 =23*. 

Tbo operations in the solutiem of Diophanline problems 
may also be frequently simplified, from certain known 
properties of numbers, when they arc included under pe« 
culiar forms, particularly \\licn the answer is required to 
be given in integers ; many iiigmious specimens of which 
may be seen in the solution of Diophantine problems in the 
New Series of the Mathematical Repository, by Mr. Lt'y- 
bourn, of the Royal Military College. 

Another method, which is frequently adopted to consi- 
derablc advantage, is by nn^ans of the dcNclopmcnt of 
certain algebraical functions; un example of which will 
be seen in the following problem. 

£i*. 4. To find a number, from which two given sqnarcs 
being scveraliy subtracted, each of the remainders may 
be a square. 

Theorem. «* and fr* represent the given squares. 
Resolve i r< -h \h into any two unequal factors m and m ; 
and — 7 ^ unequal factors n and n : then 

will -H n*) 4 («/* ^ ri*) be tbc number required, 

DemonstrfUion. Fur fw* -k «*) . n'^) 

{nm -+• nn)^ {tnri — «»/)* 

or(mm'— na)* {mn n- 

as is immediately seen by the ticvelopmcnt of the above 

formulae. And since \q ^ ^ mm\ and \Q 7* \b^nn\ 

therefore <t ~ tunt ^ *11 c 

anJ b = ma/ - ) Coliscq.icntly, ,ha square of 

each being taking from the above product, will leave a 
square remainder. s. 

bupposc, for example, 4 and 36 were the two squares, 

then = 4.1, and ^ ^ = 2.1, therefore {4*-^ 1*) . 

(2* H- 1^) =85 the number sought; for 85 — 4 = 81 =9* 

and 85 —36 = 45> = 7'- 
For further information on this interesting branch of 
algebra, the reader may consult Fermat, Bachet, Ozanam, 
Kersey, Saundersun, and Euler, particularly the latter, 
who in the 2d voK of bis Algebra has curried this subject 
to a considerable length, \vhich, with the additions by 
Grange, may be considered as one of the most complete 
pieces of Diophanline algebra. But with'regard to .the 
'i'hcory of Numbers, which is intimately connected with 
the above subject, the best works arc Li^Gcndre^s Essui 
sur la Theoric des Nombres; and (he Rccherclu'S arith** 
inetiques par M. Gauss. 

DlOPliANTDS, a celebrated mathematician of Alex- 
andriu, who has commonly been reputed to be the inven¬ 
tor of algebra ; but notwithstanding his is (he earliest 
svork extant on that science, there appears to be no reason 
for supposing that he was the inventor of it: indeed the 
work itself is almost a proof to the contrary; for though 
he d<ies not mention uny other authors in the course of 
his book, yet he evidently treats the subject as one already 
known. It is not certain when Diophuntus lived. Some 
have placed him before Christ, and some after, in the reigns 
of Nero and the Antonines; but all with equal uncertaituy. 


It seems he is the same Diophanlus who wrote the Canon 
Astronomicus, which Suidas says was commented uii by 
the celebrated Hypatia, dsiughtcr of Thcon of Alexandria, 
His Veputation must have been %ery high among the an¬ 
cients, since they ranked him with Pythagoras and Euclid 
in mathematical learning. Bachet, in his notes upon the 
5th book Dc Arithmcticjs, has collected, from Diopiianlus's 
epitaph in the Anthologia, the following circumstances of 
his life; namely, that be was married when he was S3 
years old, and had a son born 5 years after; that this son 
died w hen he was 4 2 years of age, and that his lather did 
not survive him above 4 years; from which it 8|q)curs, 
(hat Diophuntus lived to the age of 84 years. 

This epitaph as translated by Bachet is as follows: 

Hie Diophuntus hubet (utnulum, qui tcm()oru vii^ 

Illius mula denotat arte tibi 
Egit sextantem juvenis, tanuginc maias 
Vestire hinc ccepit parte duodeciu a 
Septnnte uxori post lisc socialur, et aiinu 
Formoaus quinto nascitur inde pucr 
Sernissem a^tatis postquam attigit ille palerna*, 

Infelix sul>it5 morte peremptus obit 
Quatuor estates genitor lugcre superstes 
Cogitur; hincannos illius ussequere. 

Diophantus wrote 13 books of Arithmetic, or Algcbm^ 
which Regiomontanus, in his preface to All'raganus, telU 
us, are still preserved in manuscript in the Vuticun library: 
indeed wc arc informed by Diophuntus himself that his 
work consisted of 13 books, viz, at ihe end of his address 
to Dionysius, placed at the beginning pf the work, and 
hence Regiomontanus might be led to say the 13 books 
were in that library; but no more than 6 whole books, 
with part of a seventh, have ever been published; and 1 
am of opinion there arc no more in being; indeed Bom- 
belli, in (be preface to his Algebra, writum 1572, says 
there were but 6 of the books then in the library, and that 
he and another person were about a tnfnslation of them. 

Those 6 hooks, with tbc imperfect 7th, wore first pub¬ 
lished at Basil by Xylandcrin 1575, but in a Latin version 
only, with the Greek scholia of Maximus Plniuulcs on tbo 
first two books, and observations of his own;'^(he same 
books were afterwards published inGrci*k and Latin at 
Paris in l621, by Bachet, an ingenious und learned 
Frenchman, who mndo a new Latin translation of tho 
work, and enriched it with learned commentaries; and al* 
though he did not entirely neglect the notes of Xylunder 
in his edition, ycl he treated the scholiast Plunudeswith 
the utmost contempt. He seems tu intimate, in what he 
says upon the 2Sth question of the 2d book, that the 6 
books which wc have of Diophnntus, may be nolhingmore 
than a collection made by some novice, of such proposi* 
(ions ns he judged proper, out of the w*holc 13: but Fabri- 
cius thinks (here is no just ground for such a suppositioot 
This work was afterwards (1670) revised and republished 
by Fermat, who added many excellent notes in addition 
to those of Bachet. 

DIOPTER^ or Dioptre, the some with the index or 
alhidadc of an astrolabe, or othnr such instruinenU 

Dioptra was un instrument invented by Hipparchus, 
which served for several uses; as, to level water-courses j 
to take the height of towers, or places at a distance ; to dc* 
ternainc tho places, magnitudcs,_ntvi distances of tho pla* 
nets, &c. ^ 

DIOPTRICS, culled also Anaclasiic$,ii the doctrine of 
refractctl vision ; or that part of optics which explains tho 
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effects of light as refracted by passing through different 
mediums* as air, water, glass, &c, an^l especially lenses. 

Dioptrics is one of the most useful atid pleasant of all 
the human sciences; as it brings the remotest objects 
near hand, enlarging the smallest objects so as to show 
their minute parts, and even giving sight to the blind ; and 
all this by the simple means of tlie attractive power in 
glass and water, causing the rays of light in their passage 
through them to alter their course according to the differ* 
ent substances of the medium; whtmee it happens that 
the objects seen through tiu tn, do, in appearance, alter 
their magnitude, distance, and situation. 

The ancients have tn-atedof direct and refl<*ctc<l vi* 
sion ; but what we Imvcof refracted vision, is very iinper* 
feet. J. Unplistu Porta wrote a treatise on refraction, in 
9 books, but without any gremt improvement- Ke|>ler was 
the ni*st who succeeded in any great degree, on this sub* 
ject ; having demonstrated the proper! its of spherical lenses 
very accurately, in a treatise first published anno 1011. 
After Kepler, (fnlileo gave somewhat of this doctrine in 
his Letters; as also an LKumination of the Preface of Jo* 
haniK's Pena upon Luclicrs Optics, concernitig the use of 
optics in astronomy. Descartes also wrote u treatise on 
Dioptrics, commonly annexed to his PrincipK'Sof Phiioso* 
phy, which is one ot his best works ; where the true man* 
ner of vision is more distinctly explained than by any for* 
mer writer, and in which is contained the true law of re* 
fraction, which was first discovoivd by Snell, though the 
name of the inventor is suppressed : here are also laid 
down the properties of elliptical and hyperbolical lenst*s, 
with the practice of grinding glasses. Dr. Barrow has 
treated on Dioptrics in a very elegant manner, though ra* 
ther tod hriorty, in his Optical Lectures, read at Cam¬ 
bridge. Huygens's Dioptrits. is also an excellent work of 
Its kind. MolynetixS Dioptrics is a work rather heavy 
and diilL Besidethi^e, there are several other treatises on 
Dioptrics, such ns llartsookcr's Kssui de Dioptrique. Che« 
rubin's Dioptrique Oculaire, ot La \'ision Parfaite. Da* 
vid Gregorys Elements of Dioptrics. Tnibcrs Nervus 
Opticus. Zahn’s OcuUis Artificialis Telcdioptricus. Dr. 
Smith s Optics, which is a complete work of its kind. 
Wollius's Dioptrics, contained in his Elementa Matheseos 
Universalis. Hut especially the Treatise on Optics, and the 
Optical Lectures of Newton, in who^e exprriiiionts arc 
contained far more discoveries than in all the former wri* 
(ers. Lastly, this science was perfected by Dollond's dis* 
covery of the achromatic glasses, by which ibecolours arc 
obviated in refracting telescopes. 

The iaivs of Dioptrics are delivered under (he.article 
JlEFUAcrroK, Lens, &c ; and the application of them in 
the coobtruction of telescopes, miscroscopi^, and other ili* 
optrical mstrumeiits, under the articles Tr.LCSCope and 
Mickohcof R« 

DIP of (he Horizon. Sec Defrp-ssiov. 

DtPPiXG*NccJ/r, or Jncfhuuorjf Needle^ a mngncticat 
needle, so hung, as that, insU'ad of playing horizontally, 
and painting out north and south, one end dips, or inclines 
to the horizon, and (he other points to a certain degree of 
elevation above it. 

The inventor of the dipping-needle was Robert Nor¬ 
man, a Compass-maker at RutclilTc, about the year 1580: 
this is not only testified by his own account, in bis New 
Attractive, but also by Dr. Gilbert, Mr. William Bur- 
ri>wcs, Mr. Henry Rond, and other writers of that time, 
or tooa after it. The occasion of the discovery he bim* 


self relates, viz, tliat it being his cubtoin to hnisli. and 
hang the needles of his coinpa.vbCb, before be touched tbem, 
he always found that, immediately after the touch, the 
north point would dip or decline downward, pointing iti 
a direction under the horizon; so that, to balance the 
needle again, he wa» always obliged to put a piece of wax 
on the south end, as a counterpoise. ^Ihe constancy of 
this etlcct Iih] him, at length, to ob^^tsc the precise quan¬ 
tity of the dip, or to measure the greatest angle w hich the 
needle would make with the horizon. This, in the year 
1576 , he found at London was 71"^ 50'. It is not quite 
certain whether the dip varies, as well as the horizontal 
direction, in the same place. Air. Graham made a great 
many experiments with the dipping-needle in 1723, and 
found the <lip between 74 and 75 degrees, Mr. Nairne, 
ill 177 c, found it somewhat above 72^. And by many 
obdCi vHtions made since that time at (he Royal bociely, 
the medium quantity is72^|. Indeed, in I$12 it is only 
stttteil ut 70 ® 32’ at the Royal Society. The trilling dif¬ 
ference between the first observations of Norman, and the 
Inst of Mr. Nairne and the Royal Society, lead to the opi¬ 
nion that the dip is unalterable; and yet it may bcditfi* 
cull (o account for the great diiTvrence between these and 
Mr. Graham’s numbers, considering the wclUknown accu¬ 
racy of that ingenious gentleman. Philos, Trans, vol. 45, 
pa. 2/9* vol. 62 , pa. 47b*» vol. 69 * 70, 7 1. See also the 
description of a new dipping-needle, by Dr. I^orimer, in 
the Pliilosoplitcal ’IVansHCiions 1775 ; and in (he suppK'- 
ment to Cavallo’s I'reatise on Magnetism. 

It is certain however, from many ex|)eriment$ and oh- 
scrvHtion^, that the dip is ditforent in dillVrent lull tuples, 
an<l that it iiicrcasc*s in going northward. It appears from 
a table of observation^ made with a murine diiiping-iiei*- 
dlc of Mr. Nnirne’s, in a voyage towards the north polv, 
in 1773 , that^ 

in latitude 18' the dip was 75^ O', 

in latitiulc 70 45 the dip was 77 52# 

ID latitude 80 12 the dip was SI 52, and 

in latitude 80 27 the dip was 82 2^. 

See Phipps’s Voyage, pa. 122. Sec also the Obsenrations 
of Mr. Hutchins, made in Hudson’^ Bay and Straits, Phi¬ 
los. Trans, vol. 65, pa* 129* 

BUrrowes, Gilbert, Ridley, Bond, &c, endeavoured to 
apply this discovery of the dip to the finding of the lati¬ 
tude; and Bond, going still farther, first of any prupos4^d 
finding the longitude by it; but for want of observations 
and experiments, he could not go any length. Mr. Wins¬ 
ton# being furnished with the further ohservations of Co¬ 
lonel Windham, Dr. Hailey, .Mr. Pound, Mr* Cunning- 
hum, M. Noel, M. Feuille, and his ow*n, made great im- 
jiruVements in the doctrine and use of the dipping-needle, 
brought It to more certain rules, and endeavoured in good 
earnest to find the longitude by it. For this purpose, he 
observes, Ist, That the true tendency of the north or south* 
end of every magnetic needle, is not to that point of the hori¬ 
zon, to which the horizontal needle points, but towards an¬ 
other, directly under it, in the same vertical, and in differ-^ 
ent degrees under it, in ditferent ages, and at different 
places* Sdly, That the power by which the horizontal 
needle is governed, and all our navigation usually dii\'cred>. 
it is proved is only one quarter of the power by which the 
dipping-nmile is moveil; which should render the latter 
far the more effectual and accurate instrument. 3dly, 
'lhat a dipping-needle of a foot long will plainly show un 
alteration of the ongle of inclination, in these parts of the 



D I R 


D I R 


L ] 


>vorhl, in hah a quarter of a degree, or T\ geographical 
nirle.s; atui u needle of 4 feet, in 2 or 3 miles; i* c* sup* 
poking these distances taken along, or near a meridian* 
4thly, A dipping-needle, 4 feet long, in these parts of the 
w(jrld, will show an equal alteration along a parallel, as 
another of a fo<)t long will show along a meridian; i- c. 
that will, with et{ual exactness, show* the longitude, as this 
the latitude. 

i his depends on the position of tlie lines of equal dip, 
Ilk these parts of the world, which are found to lie about 
1 or Ij <legrees from the parallels. Hence he argues, 
that a> w'c cati have nccilles of 5, 6\ 7i 3, or more feet 
loi)£:, which will move with strength sufficient for exact 
observation ; and since microsco|>cs may be applied for 
MevMng the «imalIost divisions of degrees on the limb of 
tlie ihstrtinuuit, it is evident, that the longitude at land 
may thus hr found to less than 4 miles. 

And there have Uen many observations made at 
Sea with the same instrutneiU by Noel, Feuille, ^cc, which 
liavc d<*iermiiied the dip usually within a degree, some* 
tjrnc»s Within \ or 4 4 degree, ami this with small nec* 

dies, of 5 <)r (>, or at tlie most p inches long; it is inferred, 
that (he longitude may he found, even at sen, to less than 
halt cl (juarfer of a degree. 1 his premised, the observa¬ 
tion Usidf lollows. 

To find the F^n^^itude or lyititnde hy the Di/>/)/ng-iNWJ/c. 
— If the lines of eijiinl ilip, below* the horizon, he drawn 
on maps, or sea-cimrt'^, frtun good observations, it will be 
easy, from th(* longitude known, to find the latitude; ami 
from the latitude known, to find tlic longitude cither at 
Sea or land.—Suppose, for example, a person travelling 
' or sailing aloiu; the nieiidian of Lonilon, should find that 
the angle of dip, with a needle id one foot, was 75^; the 
chart will >ho\v that this meridian, and the line of dip, 
meet in the lutitude of 33^ I l'; which is therefore the la¬ 
titude sought.—Or if he l)C travelling nr soiling along (he 
paralh lof L/mdon, i.c. in 51^31^ north latitude, and find 
tlu* angle of dip 74^; then this parallel, and the line of 
tins dip, will meet on the map in 4(>' of east longitude 
from London ; w hich therefore is the longitudi* sought. 

Many other persons have uselessly endeavoured to dc- 
tiTmine tlic longitude of placets from the dip of the mag* 
iietic needle. One among this number, was Matulilo, u 
Genois pilot, who contrived o small weight for measuring 
the degree of inclination of the needle j and though no¬ 
thing could bo much more absurd, ho continued in his 
opinion to the last, and died under the persuasion that 
he hud truly discovered a method of determining the lon¬ 
gitude, and that justice had not been done him, nor his 
merits fairly appreciated. 

DIRECT, ill Arithmetic, is when the proportion of any 
terms, or quantities, is in the nnltinil or direct order in 
which they stand; being the opposite to inverse, which 
considers the proportion in the inverted order of the terms. 
So, 3 : 4 : : 6 : 8 directly; or 3 : 4 :: 8 ; 6 inversely. 

Rule of Three Direct, is when both pairs of terms arc 
in direct proportion. 

Direct, in Astronomy. A planet is said to be direct, 
or its motion direct, when it goes forward by its proper 
motion in the zodiac, according to the succession or order 
of the signs; or when it appears so to do, to an observer 
standing on the earth* Whereas it is said to be, or to 
move, retrograde, when it appears to go the contrary way, 
or backward ; and to be stationary, when it seems not to 
move either way. 


Direct Diah» Sec Diax. and Dialt.ikg. 

Direct, in Optics. Direct vision is that performed by 
direct rays; in contradistinction to vision by refracted, or 
reflected ray^i. Direct vision is the subject of optics, 
which prescribes the laws and rules of it. 

Direct Rays, are those which pass on in right lines 
from the object to the eye, without being turned out of 
their rectilinear direction by any intervening body, cither 
opaque or pellucid ; or without being either reflected or 
refracted. 

Direct Sphere. See Right Sphere. 

DIRECTION, in Astronomy, the motion arid other 
phenomena of a planet, when direct. 

Line q/" DiftECTioN, in Gunnery, is the direct line in 
which apiece is pointed. Sometimes a line of direction 
is marked on the upper side of the gun, by a small notch 
or slit, or knob, in the base and muz/lc rings: but,- unless 
the two wheels of the carriage stand equally high, thi.s 
line will be fallacious; for which reason gunners com¬ 
monly find a new line of direction every lime, by means 
of a plummet. 

/..jnc of Directiok, in Mechanics, denotes the line in 

which a body inoscs, or endeavours to proceed. 

/ingle oj Unir.CTioN, is that comprehended between 
the lines of direction of two conspiring power... 

Quantity of Direction, is used for the product arising 
from multiplying the velocity of the common cunlre of 
gravity, in a system of bodies, by the sum of their masses. 
In the collision of bodies, tlic quantity of direction is the 
same both before and after the impulse. 

Direction o/ the Loadstone, that property by which 
the magnet, or a needle touched by il, always presents one 
of its ends towards one of the poles of the world, and the 
opposite end to the other pole. This is also called the i»o- 
larity of the magnet or needle. The nitraclivc properly 
of the magnet was known long before its directive; and 
the directive long before the inclinalory. 

A'umter of Direction, is the number of days that Sep- 
tungesima Sunday falls after the 17th of January. Sec 
Number. 

DIRECTLY, in Gcometiy: We say two lines lie di¬ 
rectly against each other, when they arc parts of the same 
right line', also quantities are said to be directly propor¬ 
tional, when the proportion is according to the order.of 
the terms; in contradistinction to inversely, or rccipro- 
coHy proportional, which is taking the proportion contrary 
to the order of the terms. 

In Mechanics, a body is said to strike or impinge di¬ 
rectly against another body, when the stroke is in a di¬ 
rection perpendicular to the surface at the point of impact. 
And a sphere, in particular, strikes directly against an¬ 
other, when the line of direction passes through both 
their centres. 

DIRECTRIX, a particular right line, perpendicular to 
the axis of a conic section, and much referred to by the 
authors who demonsirnic the properties of those curves 
from the description of them in piano. Thus, the indeti- 
niic right line ab is the dircc- A ^ tt 

trix, and is so placed, that if 
any point t b<- assumed without >>'''■'’^1'*%. 
il, and while theline I'D revolves • yr | 
about F as a centre, a point y 
D moves in it in such a manner, | 

that its distance from p shall al- \ 

ways be to cd, its distance from the line as, in a^oostunt 
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ratio; then the curve vt>, described by the point d, is a 
conic Section. And the curve is an ellipse, ora parabola, 
or an hyperbola, according as pd is less than, equal to, or 
greater than, CD, or rv than va. I'he constant ratio of 
FD to CD, or of Fv to TA, U Called the deternnning ratio. 
In the ellipse, the distance av of the directrix from the 
vertex, is greater than vf the distance of the focus from 
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DISCOUNT, or Rebate, is used for an allowance luatl*' 
on a bill, or any other <!cbl n<»t yet become due, in Consi¬ 
deration of making present payment of the bill or dc bi. 

Among merc)>ants and tra<iers, it is usual to allow a sum 
for discount that is equal to the interest of tlic debt, cal¬ 
culated for the time till it becomes due: but this is not 
the Correct or just sum; for, as the true value of the dis- 


tbe vertex ; in the parabola av is equal to vf; but in'the 
hyperbola av is less than vF. 

Dihcctrix, in a Parabola, a line perpendicular to 
' the axis produced, at the distance of the focus without 
the vertex ; as shown above. 

DIRIGKNT, a term expressing the line of motion, 
along which a describent line, or surface, is carried in the 
geiK*sis of any plane or solid ligiire. 

'i'hiis, ifMie line ad move parallel 
to itself, and along the line ad, so 
that the point a always keeps in (be 
line ad, and the point b in the line 
BC; a parallelogram abcd will be 
formed; of which the line ab is 
(he dcscribcnt, and the line ad the 
dirigent. So also, if the surface abcg be supposed car¬ 
ried along (he line ad, in a position always parallel to it¬ 
self at its first situation, the solid af will be formed; 
where the surface ae is the dcscribcnt, and the line ad is 
the dirige;)t. 

DISC, or Disk, the body or face of the sun or moon; 
such as it appears to us; for though they be really sphe¬ 
rical bodies, they act* apparently circular planes.—The 
diameter of the disc is considered as divided into 12 equal 
parts, called digits; by intxins of which it is, that the 
magnitude of an eclipse is rucusured, or cstimatedIn a 
total eclipbc of either of those the whole disc 

is obscured, or <iarkencd ; in a partial eclipse, only part 
of them. 

llliminuted Disc of the Earth. See Circle of Ulumi^ 
nation. 

Disc, in Optics, the magnitude of a telescope glass, or 
(he width of its aperture, whatever its figure be, whether 
a plane, convex, tneniscus, or the like. 

DlbCIlAllGKR, or DisciiAaoiNO Hod, in ElectrU 
city, consists of a handle 
of glass or baked wood, 

A, and two betit metui 
soth j\n, tmninating in 
points, and capable of be¬ 
ing screwed into (he 
knobs DD, \Nhich move 
by ajoiiii c, fi.xcd to the 
handle a. 'fhiis it may be used either with the points or 
balls, as occasion requires; and by being mady m€»vcablc 
on a joint, it may be applied to larger or smaller jars at 
pleasure. By bringing one of these knobs or points to 
one ^coated side of a charged eloclfic, and the other to 
the other side, or to any conductor connecti^d with it, the 
coniniunicotion is completed between the two sides, and 
the electric is discharged.—For the description and use 
of a Uni«'cnal Discharger, by Mr. Ilenly, with which 
many curious experiments may be performed, see Caval- 
lo*s Electricity, pa. 164. 

DISCORD, the relation of two sounds which ore al¬ 
ways, imd of thcmsclvca disagreeable, whether applied in 
succession or consonance 




count is equal to the difference between the debt and its 
prcient worth, it is equal only to the imerest of that pre¬ 
sent worth, instead of the interest on the whole debt. And 
therefore the rule for finding the true discount is this; 

As the amount of 100/, for the given rale and time : 

Is to the given sum or debt : 

So is the interest of 100/, for the given rate and lime : 
1 o the discount of the debt. 

So tliat, if p be the principal or debt, r the rate of interest 
per cent, and / the lime; 

then as JOO -h rt : p : : ri ; —•, which is the true dis- 

IOO + ft 


count. IlenceaKop— ——— 

* I ou •+' r( 

worth, or sum to be received. 


J WD 


is ihc pre-sent 


For Ex. Suppose it be re<}uire<l to find the discount of 
250/, for live months, at the rate of 5 per cent per annum 
interest. Here p = 250, r = 5, and t = or 5 months ; 
then = itULLllt = 212^ ^ _ 5/ o, * 

uo + rt lOO-l-SXy^ ISOO-t--iS A'J — 

the discount sought. 

A Table of Discounts may be si-en in Smai is'I’liblcs of 
Interest, the use of whicii makes culculitiiuns of discount 


very easy. 

' Djscouxt is also the name of a rule in books of .Arith¬ 
metic, by which calculations of Discount arc made. 

DISCllETE, or Disjunct, Proporiioti, is that m which 
the ratio between two or more paii-s of numbers is the same, 
and yet the proportion is not continued, so tiiat the ratio 
may be the same between the consei)ueiit of one pair and 
the antecedent of the next pair. 

, Thus, if the numbers or proportion (> : 8 : : 3 : be 
considered : the ratio of (i to 8 is the same as that of 3 to 
4, and therefore these four numbers are pro|Hirtiunal: but 
it is only discretely or disjunclly, and not jcontiuued; for 
8 to 3 is not the siifne ratio u$ the former; that is, the pro¬ 
portion is broken olT between 8 and 3, and not continued 
throughout, us it is in these following four numbers, which 
are called continual proportionals, viz, 3 ; 6 ; : 12 : 24. 

Discrp.te Sluantitp, is such as is not continued ami 
joined together. Such for instance is any number; for 
its parts, being distinct units, cannot be united into one 
continuum; for in a continuum there arc no actual deter¬ 
minate parts before division, but they are potentially in- 
fmilif: so that iris usually and truly said that continued 
quantity is divisible in infinitum. 

DISDIAPASON, in Music, a compound concord, in 
the quadruple ratio of 4 to 1, being u fifteenth or double 
eighth, and is produced when the voice goes from the first 
lone to the fifteenth. 

' DISJUNCT Proportion. See Discrete Proportion, 

DISK. Sec Disc. 

DISPART, a term in Gunnery, uM'd for n mark set 
upon the muzzle-ring of a piece of ordiianco, of such 
height, that a sight-line taken from the top of the base 
ring near the vent or touch-hole, to the lop of the <lispnrt 
ntar the muzzle, may be parallel to the axis of tlic coq- 
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ca\e r)limior 5 for which reason it is evident, that the 
height ol* ihc t is equal to the difference between the 

raHii of the piice at the base and muzzle-rings, or to half 
I he <Ji (Terence ot the diameters there. lienee corners the 
cunimuh methoil of disparting tlic gun, which is this: 
l ake, wiih the calipers, the two diameters, v\z, of the 
base ring and the place where the dispart is to stand, sub- 
Iraci the h ^s from the greater, and take half the difference, 
wiiicli will he the length of the dispart; this is commonly 
cut (c> that lenglli Iroin «i snKi)l bit of wood, and so Hxed 
upright in Us place with a bit of wax or pilch. 

1)ISN, in Diopti ICS, is the divergency of re* 
liacted lays ot light. 

Point oj Dispeu^jon, i> a point from which refracted 
rays begin to diverge, when their refraction renders them 
ilisergent.—It is called point of dispersion, in opposition 
lu the point of concourse, or point in wliich converging 
rays ctmeur ntter refraction. lJul it is mure usual to call 
the Utter the focus, and the former the virtual focus. 

DispLHsioN of occasioned by the reirangibdity 

(if the rays, or the nature of the refracting medium. Sec 
AntitKATioN, and lyrtECxioN. 

Dr. VNoIhislons inode of examining refractive and di* 
s|)ervjve powers is d<’scribc<l in Plulos. 'I’rans. for 1802, or 
NiclioUoirv Journ. vol. 4, pa. 8J), Lxlciisivc tables of ro 
fraclive and dispersive powers are given in Dr.'ll Vuung's 
Nat. IMiiios. vol. 2, pa. 29y. 

DISSIPA T ION, ill Physics, a gradual, slow, insensible 
loss or consumption uf tlic minute parls of a body; or, 
more properly, the flux by wliicii iheyllyofl and arc lost. 
See l^rrtu VI A. 

Orcie of Di.ssiPATJON or Abeuration, in Optics, 
denotes tlnit circular space on the retina of the eye, which 
is occupie<i liy the rays of each pencil in indistinct vision: 
thus, a (he distance of the object, or the constitution of 
tlie eye, be stich, tiiat the image falls beyond the retina, 
as when objects arc too near ; or before the retina, when 
the rays have not a sufficient divergency; the rays of a 
pencil, instead of being collected into a central point, will 
be dissipated over this circular space: and, all other cir* 
cuinstancs being alike, this circle will be greater or less, 
according to the <listiuices from the retina of the foci of 
refracted rays. Uut this circle causes no perceptible dif¬ 
ference in the distinctness of vision, unless it exceed a 
certain magnitude : as soon as (hat is the case, wo begin 
to perceive an indistinctness, which increases as that circle 
increases, till at length the object is lost in confusion. 
This circle is uUo greater or loss, according to the greater 
or less magnitude of the visible object; and though it be 
not easy lo assign the diameter of the said circle, it sc'cms 
very probable that vision continues distinct for all such 
distances, or so long us these circles, or the pencils of 
light from them, do not touch one atioiher on the retina ; 
and the indistinctness begins when tlic said circle's begin 
to interfere. It has been often observed, that a precise 
union of the respective rays on the it'tina, is not necessary 
to (IiJitinct vision; but the first author who ascertained the 
fact beyond all doubt, was Dr. Jurin. See a variety of 
observations and experiments on this subject, in liis Essay 
on Distinct and Indistinct Vision, in Siniih's Optics, Ap¬ 
pendix. In the Philos. Trans, fur 1789, pa. 256, is an 
excellent paper on this subject by Dr.'Maskclync; in 
wliich he cumpules the diameter of the circle of dissipation 
ut *002667 of an inch, making it answer to an external 


angle of 15®, which ho shows is very compatible with di¬ 
stinct vision. Sec also Moon, and Vision. 

Radius of Dissipation, is the radius of the circle of 
dissipation. 

DISSOLVENT, something that dissolves ; i.e. divides, 
and reduces a body into its smallest parts, 

DISSOLUTION, is a separation uf the structure of a 
body, into small or minute parts. According to Newton, 
and others, this is effected by certain powerful attructions. 

DISSONANCE, or Discoud, is a false consonance or 
concord ; being produced by the mixture or roi'Cting of 
two sounds v\]iich arc disagreeable to tlic ear. 

DISTANCE, properly speaking, denotes the shortest 
line between two points, objects, 6ic. 

Distance, in Astronomy, as of the sun, pUncts, ern 
mets, &c. The Heal Distances arc found from the poral* 
luxes of (he pluiicts, &c. See Parallax, Planet, and 
Transit. The distance of the earth from the sun has 
been determined at 5^^ millions of miles, by the late^tran* 
sits of Venus: and from this one real distance, and the 
several relative distances, by analogy arc found all the 
other real distanci'S, ns in the table below. 

The Proportional or Relative Distances of the planets 
arc very well deduced from the theory of gravity : for 
Kc|der has long since discovered, and Newton has demon¬ 
strated, that the squares uf their periodical times are pro¬ 
portional to the cubes of their distances. Kepler’s Epit. 
Astron. lib. 4; Newton’s Principia, lib. 3, phaen. 4 ; and 
Gregory sAstron. book 1, prop. 40. If therefore the mean 
distance of the earth from the sun be assumed, or sup¬ 
posed 100000, wc shall then, from the foregoing analogy, 
and the known periodical times, obtain the relative di¬ 
stances of the other planets : thus, 

The Periodical Revolutions in Days and Parts. 

Memirj, Venus, Eenh, Mm, Jupiter, Sstum, Herschel, 
S7i^ 224^ 365i 686^ 4332$ 10769^30445. 


Relative Distance qf the Planets. 



Krplcr. 

CmtnL 

Haii. 7 . 

Ue U 
Ltnde. 

Mercury 

38806 

38806 

38710 

38710 

Venus 

1 72413 

72340 

72333 

1 72333 

Earth 

100000 

100000 

100000 

! 100000 

Mars 

1 

152350 

152376 

152369 

1523U9 

Vesta 

1 

• • * 

• • . 

235513 

Juno 


• • • 

! * * * 

266400 

Pallas 

1 

• • • 

• • * 

27-6500 

Cert'S 

• - * 1 

• • « 

• ■ • 1 

276700 

Jupiter ' 

520000 

520290 

520098' 520279 

Saturn ' 

951000954180 

954007 

954072 

Uranus or) 
Herschel J 

- 

- • • 

• - - 

I 9 O 8 I 8 O 


1 x 41 . of those 


1 - 


tiunces. 


9'5t>78221 

9*8593379 

10-0000000 

10*1828973 

/ Frt-nch 
> Aslrono- 
\ mers. 

10-7 1623^4 

10-9795813 

11'2806193 


And from Ihcsc relative distances, the real distance of any 
planet is easily found, that of the earth being known, by 
the {Vdlowing proportion, namely; as 100000 : 95000000, 
or as 1 to 950, so is the relative distance in the table, to the 
real distance requia-d. 

Hence we dnd the real distances expressed in even mil¬ 
lions to be, 

Mereuiy, V^nw», Earth, Mar., Vrv.*' Junej Pallta, 

37 66' 95 145 223^® 253$ 262$ 

Crm, Jupiter, Saturn, Urtou*, 

262$ 493$ 903$ 1813. 

For the distances of the- secondary planets from the 
centres of their respective primaries, sec Satellites. 
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As to that of the hx'cd stars, as having no sensible pa- 
rallax, little more can be done than to guess at it. 

Distance of the Sun from the Uloon’s node, or apogee, is 
an arch of the ecliptic, intercepted between the sun’s true 
])lace and the moon’s node, or apogee. Sec Node. 

Curtate Distance. See Curtate. 

Distance of the Bastions, in Fortification, is the side 
of the exterior polygon. 

Accessible Dista kces, in Geometry, are measured with 
the chain, decenipeda or ten-fool rod, or the like. 

/naccernfric Distances, are found by taking bearings to 
them, from the two c.xtremilies «>f u line whose length is 
given. Various ways of performing this may be seen in my 
'I’reutiscon Mensuration, sect. 3, on Heights and Distances. 

Distance, in Geography, is the arch of a great circle 
intercepted between two places. 

'I'o find the distance of two places, a anri n, far remote 
from each other. Assume two stations, c and d, from 
which both the places a and b may he 
seen; and there, with a theodolite, ob¬ 
serve the quantity of the angles acd, 

BCD, ADC, BDC, and measure any di¬ 
stance as AC. 'I’hen, in the triangle 
ACD, there arc given the angles acd, 

A DC, and the si<lc ac ; to find the side 
CD. —Next, in the triangle bcd, there are given (he angles 

BCD, BDC, and the side cd ; to find the side BC _Lastiyr 

ill the triangle abc, there are given the angle acb, and 
the sides ac, cb ; to find the side ab. which is the distance 
sought. And in these operations, the triangles may be 
computed either as plane triangles, or as spherical ones, 
as the case may require, or according to the magnitude of 
the distances. 

The Distance ef a remote object map also be found from 
iVi height. This admits of several cases, according as the 
distances are large or small, &c. 1st, Suppose that from 
the top of a lower at a, whose height a b is 120fcct, there 
be taken the angle baC =33^, and the angle bad ^ 64^1, 
to two trees, or other objecu, c, D ; to find the distance 
between them CD, and the distance of each from the bot¬ 
tom of tlie tower at B. 




First, rnd.: tang. Z. bad : : ab : bd = 251*585, 
next, rad. : tang. Z. bac : : ab : bc s; 77*929, 
their dificrence is the distance cd ~ 173*650'. 

2d, Suppose it be required to find the distance to which 
an.object can be scc-n, by knowing its altitude; ex. gr. the 
Peak of Tcnerific, whose height is said to be 3 miles above 
the level of the sea, supposing (he circumference of the 
earth 25,000 miles, or the diameter 7958 miles. Let rc. 
be (he rodius ss 3979> ep =r 3 the height of the mountain, 
and El a tangent to the earth at the point ii, which is 
the farthest point to which the top of the mountain k can 
be seen. Here, in the right-angled triangle ecu, arc 
given the hypothenuse eo ss 3982, and the leg cu = 3979; 
to find the other leg he = 154| miles »thc distance 
sought nearly. Or, rather, as F.c : cii : : rad. : cosin. 
Z.O s=20 I.rj; then as 360" : 2® I3'| : : 26,000 : 154i 
miles s the arch of dist. up sought, the same as before. 
Vox,. I. 


3d, If the eye, instead uf licing in the horizon at h, 
were elevated above it at i, any known height, as suppose 
264 fi<'t, or 's^th ot a niil<', as on the tup ot a high emi¬ 
nence; then the iiioumain can be swn much farllieroff 
along the line ie, and the distanc*' will be the two tan¬ 
gents 111 and HE, or r.ulier the iwo arcs kh and nr. 
Hence, as above, as lo : o 11 : : rad. ; cosin. Z. 1011 l/'f ; 
then as SCO® : 17'f : : 2.^,000 : 20 miles = the arc mi ; 
this added to the former arc 11 r = 1544, makes the whole 
arc Kp = 1744 miles, for the \»holc distance to which the 
top of the mountain can be seen in this case. 

Apparent Distance, in Optics, that distance which we 
judge an object is placed at when seen «f«r ofl‘. I his is 
usually very difl'erent from the true disiniicc ; because vie 
are apt to tliink that all very remote objects, wlmse parts 
cannot well be di'tinggished, and which have no olhei ob¬ 
ject in view near them, are at the same distance from us, 
thougli perhaps the one is thousands of miles nearer than 
the other, as is the cose with regard to the sun and moon. 

M. Lahire cnumciatc-s five circumstances, which assist 
us in judging of the distance of objects ; viz, their appa¬ 
rent magnitude, the strength of the colouring, the direction 
of the two eyes, the parallax of the objects, and the di¬ 
stinctness of their small parts. jOn the contrary. Dr. 
Smith maintains, that wc judge of distance principally, or 
solely, by the apparent magnitude of objects; and con¬ 
cludes universally, that the npparenl distance of an object 
seen in a glass, is to its apparent tiistance seen by the naked 
eye, as the apparent magnitude (o tlic naked eye is toils 
apparent magnitude in tlie glass. But it was long since ob¬ 
served by Alhazen, that wc do not judge of dist.ance 
merely by the angle under which objects aie seen ; and 
Mr. Robins clearly shows (hat Dr. biiiith's hypothi-sis is 
contrary to fact, in the most common and simple cases. 
Thus, if a double conve.x glass be held upright before some 
luminous object, as a candle, there will be seen two images, 
one erect, and the other inverted ; the first is made simply 
by reflexion from the nearest surface; the second by re¬ 
flexion from the farther surface, the rays undergoing a re 
fraction from (he first surface both before and after the 
reflexion. If this gloss has not loo short a focal distance, 
when it is held near the object, the inverted image will 
appear larger thon tlie other, and also nearer; but if the 
glass be carried off from the object, though the eye remain 
as near to it os before, the inverted image will be dimi¬ 
nished so much faster than the other, that at lcn»th it will 
appear much less than it, hut still nearer. Herersays Mr. 
Robins, two images of the some object arc seen under one 
view, and their apparent distances immediately compared ; 
and it is evident that those distances have no necessary 
connexion with the apparent magnitude. This experi¬ 
ment 'may be made still more convincing, by slicking a 
piece of paper on the middle of the lens, and viewing it 
through a short lube. Me observes further, that the ap¬ 
parent magnitude of very distant objects is neither deter¬ 
mined by the magnitude of the angle only under which 
they are seen, nor is the exact proportion of that angle 
compared with (heir true distance, but is compoumlcd 
also with a deception concerning that distance; so that if 
wc bod no idea of diCrcrence in the distance of ohjicts, 
each would appear in magnitude proportional to the angle 
under which it was seen j and if our supposition of the di¬ 
stance were olways just, our idea of their magnitude would 
he unvaried, in all distances; but in proportion as we err 
in our conception of their distance, the greater anole su"- 
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gcsts a greater miignitudo. By not attending to this com¬ 
pound effect, Mr. Uobins apprehends that Dr« Smith \vas 
led into his mistake. 

Dr. Porterfiflti has made several remarks on the five 
methods of judging concerning the distance of objects 
above recited from M. Lahire; and he has aho added 
to them one more, viz, the conformation of each eye. Sec 
Circle of Dissipation. This, he says, can bo of no use 
to us, with respect to objects that are placed without the 
limits of distinct vision. But the greater or less confusion 
with which the object appears, as it is more or less re¬ 
moved from those limits, will assist the mind in Judging of 
us distance; and the more confused it appears, the farther 
we shall imagine it to bo from us. However, this confu¬ 
sion has its limits; for when an object is placed at a cer¬ 
tain distance from the eye, to which the breadth of the 
pupil bears no sensible proportion, the rays proceeding 
from a point in the object may be consideit'd as parallel; 
in which case, the picture on the retina will not be sensi¬ 
bly more confused, though the object be removed to a 
much greater distance. The most universal, and often the 
most sure means of judging of the distance of objects, he 
says, is the angle made by the optic axes; our two eyes 
are like two difrerent stations, by tlic assistance of which, 
distances arc taken ; and this is the reason why those per¬ 
sons who have lost the sight of one eye so frequently miss 
their mark in pouring liquor into a glass, snuffing a can¬ 
dle, and such other actions as require that the distance be 
exactly distinguished. With respect to the method of 
judging by the apparent magnitude of objects, he observes 
that this can only serve when we are otherwise acquainted 
with their real magnitude. Thus he accounts for the de¬ 
ception to which we are liable in estimating distances, by 
any extraordinary magnitudes that terminate them; as, in 
travelling towards a large city, cnstle, or cathedral, we 
fancy they arc nearer than they really are. Hcrice also, 
animals and small objects seen in a valley contiguous 
to large mountains, or on the top of a mountain or high 
building, appear exceedingly small. Dr. Jurin accounts 
for the last-recited phenomenon, by observing that we have 
no distinct idea of distance in that oblique direction, 
and therefore Judge of them merely by their pictures on 
the eye# 

Dr. Porterfield observes, with respect to the strength of 
colouring, that if we ore assured they arc of a similar co¬ 
lour, and one appears more bright and lively than the 
other, we judge that the brighter object is lha nearer. 
When the small parts of objects appear confused, or do 
not appear at all, we judge that they arc at a great di¬ 
stance, and vice vena; because the image of any object, 
or part of an object, diminishes as the distance of it in¬ 
creases. Finally, we Judge of the distance of objects by 
the number of intervening bodies, by which it is divided 
into separate and distinct parts; and the more (bis is the 
ease, the greater will the distance appear. Thus distances 
upon uneven surfaces appear less than upon a plane, be¬ 
cause the inequalities do not appear, and the whole appa¬ 
rent distance is diminished by the parts that do not appear 
in it; and thus the banks of a rivxr appear contiguous as 
viewed at a di^tancc, when the river is low and not seen, 
Accidens do la Vue, pa. 358. Smith's Optics, vol. 1, 
pa. 52, and Rem. pa. 51, Robins's Tracts, vol, 2, pa. 230, 
247, 251. Porterfield on the Eye, vol. 1, pa. 105, vol. 2, 
pa. 387. See Priestley's Hist, of Vision, po. 205^ and 
pa, 689« 


Distance, in Navigation, is the number of mile* or 
leagues that a ship bas sailed fioro any point or place. 
See Sacliko. 

Line of Distance, in Perspective, is a right line drawn 
from the eye to the principal point; 
as the line of, drawn between the 
eye at o, and the principal point F; ll'| 

which being perpendicular to the ^sj ll"* \ 

plane, pq is therefore the distance 
of the eye from that plane. 

Distance, in Perspective, is a. point in theh<v 
rizontal line at the same distance from the principal point, 
as the eye is from the same. Such are the points p and 
Q, in the horizontal line fq, whose distance from tbc prin¬ 
cipal point F, is equal to that of the eye from the same 
point. 

DISTINCT in Optics, is that distance from tbc 
pole of a convex glass, at which objects, beheld through 
it, appear distinct and well defined: so that the distinct 
base is the same with what is otherwise called tho focus. 
The distinct base is caused by the collcctron of the mys 
proceeding from a single point in the object, into a sin^e 
point in the representation: and therefore concave glasses, 
which do not unite, but scatter and dissipate the rays, can 
have no real distinct base« 

Distinct Fisfon. See Vision. 

DITCH, in Fortification, called also Foss, and Moat, 
is a trench dug round the rampart, or wall of a fortified 
place, between the scarp and counterscarp. 

Ditches arc either dry, or wet, that is having water in 
them ; both of which have their particular advantages. 
The earth dug out of the ditch serves to raise the rampart. 
The ditch in front should be of such breadth as that tall 
trees may not reach over it, being from 12 to 24 falhoma 
wide, and 7 or 8 feet deep. The ditches on the sides are 
made smaller; but the most general rule is perhaps, that 
the dimensions of the ditch should be such as tiiat the 
earth dug out may be suHicient to build the rampart of a 
proper magnitude. The space sometimes led between the 
rampart and ditch, being about 6 or 8-feet, is called the 
berm, or list, serving to pass and repass, and to prevent tlio 
earth Grom rolling into the ditch. 

DITONK, in Music, an interval comprehending two 
tones, a greater and a less. The ratio of the sounds that 
form (he ditone, is 4 to 5 ; and that of the semi-ditone, 
5 to 6. 

DITTON (Humphuct), an eminent mathematician, 
was born at Salisbury, May 29* lf)75» Being an only 
son, and his father observing in him an extraordinary 
good capacity, determined to cultivate it with a good edu¬ 
cation. For this purpose he placed him in a reputable 
private academy; on quitting of which, at the desire of 
his father, though against bis own ioclination, be engaged 
in t^c profession of divinity, and began to exercise hit 
function ut Tunbridge in the county of Kent, where he 
continued to preach some years; during which time he 
married a lady of that place* 

But a weak constitution, and the death of his fatber, 
induced Mr. Ditton to quit that profession ; and at the 
persuasion of Dr. Harris and Mr. Whiston, both eminent 
mathematicians, ho engaged in the study of matheiuatica, 
a science to which he bad always a strong inclination. Id 
the prosecution of this science, bo was much encouraged 
by ino success and applause ho received; being greatly 
esteemed by the chief professors of it^ and particularly by 
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Sir Isaac Newton^ by whose interest and rccommcodatioD 
he was elected master of the new Alathcmatical School in 
Christas Hospital; where he continued till his death, which 
happened in l7lo» in the 40th year of his age^ much re¬ 
gretted by the philosophical world, who expected many 
useful and ingenious discoveries from his assiduity, learn¬ 
ing, and penetrating genius. 

Mr. Ditton published several mathematical and other 
tracts, as faclow.-^l. Of (he Tangents of Curves, See. Philos* 
Trans, vol. 23. 

9, A Treatise on Spherical Catoptrics, published in the 
Philos. Trans* for 1705; from whence it was copied and 
reprinted in the Acta Eruditorum, 1707, nnd also in the 
Memoirs of the Academy of Sciences at Paris. 

3. General Laws of Nature and Motion ; 8vo, 1705* 
Woliius mentions this work, and says that it illustrates and 
renders easy the writings of Galileo, Huygens, and the 
Principia of Newton. It is also noticed by La Roche, in 
the Memoires dc Literature, vol. 8, pa. 40'. 

4. An Institution of Fluxions, conlaining the first Prin¬ 
ciples, Operations, and Applications, of that admirable 
Method, as invented by Sir Isaac Newton; 8vo, 1706. 
This work, with additions and alterations, was again pub¬ 
lished by Mr. John Clarke, in the year 1726. 

5« In 1709 he pubHi»bed the Synopsis Algebraica of 
John Alexander, with many additions and corrections. 

6. His Treatise on Perspective was published in 1712. 
In this work he explained the principles of that art mathe¬ 
matically ; and besides teaching the methods then gene¬ 
rally practised, gave the first bints of the new method af¬ 
terward enlarged upon and improved by Dr. Brook Taylor; 
and which was published in the year 1715. 

7. In 1714, Mr. Ditton published several pieces, both 
theological and mathematical; particularly bis Discourse 
on the Resurrection of Jesus Christ; and The New Law 
of Fluids, or a Discourse concerning the Ascent of Liquids, 
in exact Geometrical Figures, between two nearly con¬ 
tiguous Surfaces. To this was annexed a tract, to demon¬ 
strate the impossibility of thinking or perception being the 
result of any combination of the parts of matter and mo¬ 
tion: a subject which was much agitated about thattime. 
To this work also was added an advertisement from him 
and Mr. Whiston, concerning a method for discovering 
the longitude, which it seems they bad published about 
half a year before. This attempt probably cost our au¬ 
thor his life; for though it was approved and counte¬ 
nanced by Sir Isaac Newton, before it was presented to the 
Board of Longitude, and the method has since been suc¬ 
cessfully put in practice, in finding the longitude between 
Paris and Vienna,yet that board deterioined against it: so 
that the disappointment, together with some public ridi¬ 
cule (particularly in some verses written by Dean Swift), 
affected his health, that he died the ensuing year, 1715* 

In an account of Mr. Ditton, prefixed to the German 
translation of his Discourse on the Resurrection, it is 
said that he had published, in his own name only, anuthor 
method for finding the longitude; but this Mr* Whiston 
denied. However, Raphael Levi, a learned Jew, who had 
studied under Leibnitz, informed the German editor, that 
he well knew that Ditton and Leibnitz had corresponded 
on the subject; and that Ditton had sent to Leibnitz a 
delineation of a machine he had invented for that pur¬ 
pose; which was a piece of mechanism constructed with 
many wbcels like a clock, and which Leibnitz highly ap¬ 
proved of for land use; but doubted whether it would 
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answer on ship-board, on account of the motion of the 
ship. 

Di\'^ERGENT Poim. Sec Virtual Focus. 

DiVEaoENT, or Divraoisc Uncs^ in Geometry, arc 
those whose distance is continually increasing.— Lines 
which diverge one way, converge the other. 

Divergent, or Divekcing, in Optics, is particularly 
applied to rays which, issuing from a radiant point, or 
having, in their passage, undergone a refraction, or rc- 
fle.xiou, do continually recede farther from each other. 

In this sense the word is opposed to convergent, which 
implies that the rays approach eacli other, or that they 
tend to a centre, where they intersect, and, being con¬ 
tinued, go on diverging. Indeed all intersecting rays, or 
lines, diverge both ways from the centre, or point of inter¬ 
section. 

Concave glasses render the rays diverging; and convex 
ones, converging.—Conca\c mirrors make the rays con¬ 
verge; and convex ones, diverge.— It is demonstrated in 
Optics, that as the diameter of a pretty large pupil does 
not exceed of a digit; diverging rays, flowing from a 
radiant point, will enter the pupil as parallel, to all in¬ 
tents and purposes, if the distance of (he radiant from Uie 
eye amount to 40,000 feet. See Focus, Ligut, and 
Vision. 

Diverging Hyperbola, is one whose legs turn their 
convexities toward each other, and run out contrary ways. 
See Htpcrbola. 

Diveugxno Parabola. See Diverging Parabola. 

Diverging Scries^ is a sene's whose terms always 
become larger the farther they are continued. 

DIVIDEND, in Arithmetic, is the number given to be 
divided by some other number,culled the divisor. Or ills 
the numtK^r given to be divided,or separated, into a certain 
number of equal parts, viz. as many as the divisor contains 
units; and the number of such equal parts is called the 
quotient. Or, more generally, the dividend contains the 
divisor, as many times as the quotient contains unity.— 
The dividend is the numerator of a fmetion, whose deno¬ 
minator is the divisor, and the quotient is the value of the 
fraction* Thus, { s 4, and ^ s *7^. 

DIVING* The art, or act of descending under water, to 
considerable depths, and remaining there for a certain 
time. The uses of diving are very considerable, parti¬ 
cularly in the fishing for pearls, corals, sponges, &c* 

Various methods have been proposed, and engines con¬ 
trived, to render the business cf diving more safe and easy* 
The great point in all these, is to furnish the diver with 
fresh air, without which he must cither make but a short 
stay, or perish. Those who dive for sponges in the Aledi- 
terranean, help themselves hy carrying down sponges dipt 
in oil in their mouths; but considering the small quantity 
of air that can be contained in the pores of a sponge, and 
how much that little will be contracted by the pressure of 
the incumbent water, it is evident that such a supply can¬ 
not bo very useful; since it is found by experiment, that 
a gallon of air included in a bladder, mid by a pipe reci¬ 
procally inspired and expired by the lungs, becomes unfit 
for respiration in little more than one minute; for though 
its elasticity be but little altered in passing the lungs, yot 
it loses its vivifying spirit, and is rendered unfit for the 
support of animal life. Dr. Hulley assures us, a naked 
diver, without nsponge, cannot remain above two minutes 
inclosed in water; nor much longer with one, without suf¬ 
focating ; nor, without long practice, near so long: per- 
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sons unaccu>tonuMl to diving grncrally begin to be suffo¬ 
cated in nbuut UnU a juinute. Ucdidcs, if the depth be 
consideraldc^tlii' pressure ol’ llic water on the vessels makes 
the eyes bUxid-^hotcen, and iVequciilly occasions a spitting 
of blood .* hence, where there has been occasion to con¬ 
tinue long at the bottom, some have contrived double 
flexibiu pipes, to circuintc air down into a cavity inclo¬ 
sing the diver, as with armour, both to furnish air, and to 
bear off the pressure of the water, and gisc leave to his 
breast to rlilatciipon inspiration ; the fresh air being forced 
dow'ii one of tlie pipes with bellows, and returning by the 
other, not unlike to an artery and vein. 

But this method is imprncticublo when the depth ex* 
coeds throe fathoms ; the water cinbracir)g the bare limbs 
so closely, as to obstruct the circulation of the blood in 
them; and witiml pressing so strongly on all tlic junctures 
where the armour is made tight with leather; that if there 
be the least <k'fect in any of them, the water rushes inland 
instantly tills tlic whole engine, to the great danger of the 
diver's life. 

Dk vtso-Be//, is a machine contrived to remedy nil these 
inconvt nicncics. In this the diver is safely conveyed to 
any reasonable depth, and may stay more or less time 
under the water, as the bell is greater or less; and it is 
most conveniently made in form of a truncated cone, the 
smaller base being closed, and the larger open; being 
weighed with lead, an<l so suspcndeil, (hat it may sink full 
of air, with its open basis downwarti, and as near os may 
be in u situation parallel to the horizon, so ns to close with 
the surface of the water all at oncc» 

The diver sitting under this machine, sinks down with 
the included air lo the depth desired ; and if the cavity of 
the vessel can contain a ton of water, a single man may 
remain a full hour, without much inconvenience, at five 
or six fathoms deep ; but the lower he goes, still the more 
the included arr contracts itself, according to the weight 
ot the water that compresses it; w that at thirty-three 
feet deep, the bell becomes half-full of water; the pres¬ 
sure of the incumbent (1ui<l being then equal to that of the 
atmosphere; and at all other depths, the space occupied 
by tlio eoinpres^ed air in the upper part of its capacity, is 
lo the space filled with water, a* thirty-three feet to the 
depth <if t lie surface of the w*atcr in the bell below its com¬ 
mon surface ; and this comlenscd air, being taken in with 
the breath, soon insinuates itself into oil thecavilics of tlic 
body, and has no ill effect, provided the bell be permitted 
to descend so slow ly ns to allow time for that purpose. 

One inconvenience that attends it, is foutul in the cars, 
within which there are cavities which open only outwards, 
and that by ports so small, as not to give admission even 
to the air itself, unless they be dilated and distended by a 
considerable force ; hence, on the first descent of the bell, 
a pressure begins to be felt on each car, which by degrees 
becomes painful, till the force overcomiog the obstacle, 
that constringes these pores, yields to the pressure, and 
lottitig some condensed air slip in, presently cose ensues; 
the belt descending losver, the pain is renewed, and after¬ 
wards it is again eased in the same manner. But the 
greati'st inconvenience of this engine is, that the water en¬ 
tering it, contracts the bulk of air into so small a compass, 
that it soon heats, and becomes unfit for n^spiration: so 
that there is a necessity for its being drawn up to recruit 
it; besides the uncomfortoble situation of the diver, who 
is almost covered with water. 

To obviate the dilRculties of the diving-bell, Or. Halley, 


to whom we owe the preceding account, contrived some 
further apparatus, by whicli not only lo recruit and re¬ 
fresh the air from time to lime, but also to keep the water 
wholly out of it at any depth; which he effected after the 
following manner:—liis diving-bell (plate ix, fig. 6) was 
of wood, 3 feet wide at top, 5 feet at bottom, and 8 feel 
high, containing about 63 cubic feet in its concavity, coated 
externally with lend so heavy, that it would sink empty; 
a piirticular weight being distributed about its bott<mi r, 
to make it descend pc rpendicularly, and no othersvise. In 
the lop was fixed a meniscus gloss o, concave dow*awards, 
like a window, to let in light from above ; with a cock, as 
at n> to let out the hot air ; and a circular scat, as at lm, 
for the divers to sit on: and below, about u yard under 
the bell, was a stage suspended from it by three ropes, each 
charged with a hundred weight, to keep it steady, niui for 
the divers lo stand upon to do their business. 'I'he nni- 
chinc was suspended from the mast of a ship by a sprit, 
which was secured by stays to the mast-head, and wiu di¬ 
rected by braces to carry it overboard clear of ihe side of 
the vcshI, and to bring it in again. 

To supply air to this bell when underwater, he had Uro 
barrels, as c, liolding 36 gallons each, cased with le^d, so 
as to sink empty, each having a bung-hole at bottom, to 
let in the water ns they descended, and let it out ag^nn as 
they were drawn up. In the top of llic barnds was an¬ 
other hole, to which was fixed a leathern pipe, nr hose, 
well prepared with bees wax and oil, long enough to 
hnng below the bung-hole; being kept down by a weight 
for that purpose; so that the air driven lo the upper part 
of the barrel by ihc influx of ihc water, in I he descent, 
could not escape up this pipe, unless the lower end were 
lifted up. 

These air-barrels were tilted with tackle, to make them 
rise and fall alternately, like two buckets; being directed 
in their descent by lines fastened to the under edge of the 
hell: so that they came readily to the hand of a man 
placed on the stage, to receive them ; who taking up the 
ends of the pipes, as soon as they came above the surface 
of the water in the barrels, nil the air included in the 
upper part of it was blown forcibly into the bell; the water 
taking its place. 

One barrel thus received, and emptied; on a signal 
given, it was drawn up, nnd at the sumo lime the other 
letdown; by which alternate succession, fresh air was 
furnished so plentifully, that the learned Doctor himself 
was one of five, who were all together in nine or ten fa- 
thorns deep of water for above an hour and a half, without 
the least inconvenience; the whole cavity of th^bell being 
perfectly dry. 

All the pn^caution he observed, was, to bo letdown gra¬ 
dually about 12 feet at a lime, and then to stop, and drive 
out the water that had entered, by taking in three or four 
barrels of fresh air, before he descended farther. And, being 
arrivc<l at the depth intended, be let out nsmuch of the hot 
air that had been breathed, as each banxd would replace 
with cold, by means of the cock d, at the lop of the bell, 
through whose aperture, though very small, thenir would 
rush w ith so much violence, as to make the surface of the 
sea boil. 

Thus he found any thing could be done that was re¬ 
quired to be done underneath; and by taking off the stage, 
he could, for a space os wide as the circuit of the bell, lay 
the bottom of the sea so far dry as not to be over shoes in 
water* Besides, by the gloss window so much light was 
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transmiltcd, (hnl when (lie bca was clear, and especially 
wiu*n the sun shone, he could sec perfectly well to write 
or n^ud, imich more to fasieii or lay hold of any thing 
under him that was to betaken up; ami by the return of 
the air-baiTcl he often sent up orders written with an iron 
pen on a plate of loail^ dinctin;; how lie woulil be moved 
from place to place. At other times, when the water >vas 
troubled and tinck, it would be as dark as ni^ht below; 
but in such eases he was able to keep a candle burnint' in 
the bclL ^ 

Dr. Halley observes, that they were sttbjcct to one in¬ 
convenience in this bell; they felt at tirst a small pain 
in their ears, as if the end of n tobacco-pipe were thrust 
into them ; but after a little while there was a small puflT 
of air, with a little noiso, and they were easy. 

This he supposes to be occasioned by the condensed air 
shutting up u valve leading from some cavity in the car, 
full of common air; but when the condensed air pnssed 
harder^ it forced the valve to yield, and tilled every ca¬ 
vity. One of the divers, in order to prcNent this pressure, 
stupprd his ear with a pledget of paper; which was pushed 
in so fur, that a surgeon found considerable dilhculty in 
ex trading it. 

The same author intimates, that by an additional con- 
Irivancc he has found it practicable for a di>er to go out 
of the bell to a good distance from it; the uir being con¬ 
veyed to him in a continued stream by small flexible pipc^, 
which serve him as a clue to direct Idin buck again to the bell. 
For this purpose, one end of these pipes, kept open against 
the pressure of the sea by a small spiral wire, and made 
light without by painted leather and sheep's guts drawn 
over it, being open, was fastened in the bell, os at p, to re¬ 
ceive air, and the other end was fixed to a leaden cap on 
the man's bead, reaching <low'n below his shoulders, open 
at bottom, to serve him as a little bi ll, full of air, for him 
to breathe at his woik, wliich would keep out the water 
from him, when at the level of (he great bell, because the 
density of the air in both was the same: but when he 
stooped down lower than the level of the great bell, he 
shut the cock F, to cut off the communication between 
the two. PhiL Trans, abr. vol. vi. pa. 258, 522. 

The air in this bell would serve bim for a minute or 
two; and he might instantly change it, by raising himself 
above the great bell, and opening the cock p. The diver 
was furnished with a girdle of large leaden weights, and 
clogs of lead for the feet, which, with the weight of the 
leaden cap, kept him firm on the ground; he was also 
welt clothed with thick flannels, which being first made 
wet, and then warmed in the bell by the heat of his body, 
kept off (he chill of the cold water for acousidcrobic time, 
when he wus out of the bell. 

Mr. Martin Tricwald, v. u. s, nnd military architect to 
the king of Sweden, contrived to construct a diving-bell 
on a smaller scute*, and at a less expense, than that of 
Dr. Hallcv, and )et capable of answering the same pur¬ 
poses. This bell, ah (fig. 7*) sinks suih leaden weights 
DO, suspended from the bottom of it. It is made of cop¬ 
per, and tinned all over on the inside; and it is illumi¬ 
nated by three strong convex lenses ooo, defendcil by the 
copper lids iiiiii. The iron plutc E serves the diver to 
aland upon, when he is at work; and this is suspended by 
the chains r pf, at sucli a disUince from the bottom of the 
bell, that when he stands upright, his head is just above 
the water witldnit, where bciias Ihcadvantageof air more 
proper for respiration, (ban when he is much higher up; 


but as (here is occasion for the diver to be wholly in the 
bell, and con^ctjuently his head in (he upper part ol if, 
Mr. Tricwald also contrived, that even there, alur In* 
lias breuthed the hoiair long as he can, by means oJ ;t 
spiral copper tube placed close to the inside of the bell, 
he may draw the cooler and fnsher air from the lower¬ 
most parts; for which pur[>oso a flexible leather pipe, 
.ibout two feet long, is fixetl to llie u|>|K'r end of (he tube 
at b ; and to the other end of the pijie is fa>teiicd an ivory 
mouth-piece, fur the diver to lioUi in liis mouth,by which 
to respire the air from below. Uc shall only remark, 
that as air rendered elTelc by respiration issomewliat lua- 
vicr than common air, it must naturally subside in the 
bell; but it may probably be restored by the agitation 
of the s< a-waler, and thus become more fit for respira¬ 
tion. Fixed .Air, Fhil. Trans, abr. vol. viii. pa. 6*34. 
Or Dcsagulicr^’s Kxper. Phil. vul. ii. pa.2:0,\c. Several 
other persons have practised with diving-macliino, on the 
same principles. 

1 lie famous Corn. DrcUell hail an ospedient in some 
respects superior even to the di>tno |)ill, if what is relutol 
of it be true. lie contrived not only a vessel to be roweil 
under water, btil also u liquor to be carried in the vessel, 
wliicli supplied the place of fnsh air. llie \cssel was 
made for King James the Ut, carrying 12 rowers, besides 
the passengers. It was lri» «l in the river 'I hnmcs ; and one 
of the persotts in that submarine navigation, llun living, 
toll! it one, fiom whom Mr. Bojlc had the relation. As 
to the liquor, Mr. lioyle assures us, he discovered by a 
physician, who mavried Diebell’s daughter, that it was 
used from lime to time, when the air in tliat submarine 
boat was ciijggc«l by tlic bualli of the company, and ren¬ 
dered unlit for respiration : at which time, by unstopping 
the vc-sscl full of this liquor, be could speedily restore to 
the troubled air such a proportion of vital parts, as woulil 
make it serve again a good while. The secret of this li¬ 
quor Drcbell would never disclose to above one person, 
who himself assured Mr. Boyle w hat it was. Boyle’s Exp. 
Pliys, Mcch. of the Spring of the Air. 

We have had many projects of diving-machines, and 
diving-ships of various kiuds, which have proved abor¬ 
tive. 

piviNO-.5/a(/(/<;r, a term used by Borelli for a machine 
which he Contrived for diving under water to great depths, 
with considerable facility, which he prefers to the com¬ 
mon diving bell. The vesica, or bladder, us it is usually 
called, is of brass or copper, anil about two feet in dia¬ 
meter, which is to contain thediver’s hcadjand ihisis fi.xed 
to u goal’s skin habit, exactly fitted to the shape of the 
4)ody of the person. Within this vesica there are pipes, 
by means of which n circulation of uir is contrived ; and 
the person carries an air-pump by his side, by mea’ns of 
which he may make himself iu avier or lighter, as the fishes 
do, by contracting or dilating their air-bladder: by this 
means, the objections all other diving-machines arc liable 
to arc obviated, and particularly that of the airj the 
moisture by which it is clogged in respiration, an.) by which 
it IS rCTtlercil unfit for the same use again, being here 
taken from it by its circulation ibrmigli the piixs, to the 
sides of wliich it aclIicTcs, and leaves the air os free as be- 
fore. Borelli Opera Posihuraa. 

DIVINI (Eustaciho), an ingenious Italian artist, 
vei7 eminent for his telescopes, though, it seems, inferior 

wrote a book (published at the llaeuc 
lOOO, in 4to) against the discovery of Saturn’s ring, nmdo 
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by the celebrated Huygens, contesting the truth of it; to 
wliicli the hittcT wrote a reply. Divini was living in 1663; 
thotigh Moreri thinks he died about that time. 

DlVISllUUTY, a property in quantity, body, or ex¬ 
tension, by which it becomes separable into parts; either 
actually, or at least mentally. Such divisibility is infinite, 
if not HCtually, at least potentially; as no part can be 
conceived so smalh but another may be conceived still 
smaller; for every part of matter must have some Hnite 
e.\(on.-ic>n, and that extension may be bisected, or other¬ 
wise dividi ci; for the same ^ca^oll, these purls may be di¬ 
vided again, and so on without tnid. 

It is not here contended foi tlie possibility of an actual 
division in intinitiun: it is only As-erte<l that liowcvcr 
stnnl] a b<icly is, it mav he still (urtluT divided; which it 
is presumed may be c.dh cl a <liM^ioii in infinitum, because 
what has no limits, is culled infinite. '1 he infinite, or in- 
definite divi<^ibility u( nuitiiematical quantity is thus 
|)rove<l, and illustrated by mathema¬ 
ticians: Suppose u line ad pj'rpcn- 
diciilar to nv ; and ntiother as ou 
also piTpcndiciilur to t)ie same nr ; 
with the centres c, C, c, and di- 
stuncc*s CA, CA, &c, describe circles 
cutting the line cit in the points c, 
e, \'C. Now, the greater the radius 
AC is, the less is the partco; but the 
radius muy be augmented in infini¬ 
tum, and therefore the part eo may be diminislicd in the 
sumc manner; and yet it can never be reduced to no¬ 
thing, because the circle can never coincide with the right 
line'nK. Consequently the parts uf uriy magnitude may 
be diminished in infinitum. 

All tliat is supposed, in strict geometry, concerning the 
divisibility of magnitude, amounts to no more, than thut 
a given magnitude may be conceived as tlivided into a 
number of parts, equal to any given or proposed number. 
It is true, that there arc no such things as parts infi¬ 
nitely small; yet tlic subtilfy of the particles of several 
bodies is such, that they fur surpass our conception ; and 
there arc innumerable instances in nature r.f such parts 
actually separated from one another. 

Several instances of this arc given by Mr. Uoyle. He 
speaks of a silken thread 300 yards long, ihnl weighed but 
two grains and a half. He measured Iciif-guld, and found 
by weighing it, that 50 square inches weighed but one 
grain : if the length uf an inch be divided into 200 parts, 
the eye may distinguish tbein all; therefore in one square 
inch there arc 40,000 visible parts; and in one gmin of it 
there arc two millions of such parts; which visible parts 
no one will deny are still farther divisible* 

Again, nn ounce weight of silver may be gilt over with 
8 gmiiis of gold, which muy be afterwards drawn into a 
wire 13,000 feet long, and still be all covered with the 
same gilding. 

In odoriferous bodies a still greater subtilty of parts is 
perceived, and even such as arc actually separated from 
one another: several bodies scarce lose any sensible 
part of their weight in a long time, and >ct continually 
fill a very large space with odoriferous particles. Dr. Keil, 
in his Vera Physica, Lcct. 5, has calculated the mag¬ 
nitude uf a particle of assaloetida, which will be the 

. ? ■ . ■ — th part of a cubic inch. And in the 

loooooocpoooooooo * 

lunic Lccturct be shows that the particles of the blood in 


antmalculae, observed in fluids by means of microscopes, 
must be less than that part of a cubic inch which is ex¬ 
pressed by a fraction whoso numerator is 8* and denomi¬ 
nator unity with 30 ciphers after it. 

The particles of light, if liglit consist of real particles, 
furnish another surprising instance of the minuteness of 
some parts of matter. A small lighted candle placed on 
a plain, will be visible two miles, and co^^equcnt]y its 
light fills a sphere of 4 miles diameter, before it has lost 
any sendihle part of its weight. Now, as tbe force of any 
body is directly in proportion to its quantity of matter 
multiplied by its velocity; and since it is demonstrated 
that the velocity of the particles of light is at lea^t a mil¬ 
lion of times greater than the velocity of a cannon-ball, 
it is plain, that if a million uf these particles were round, 
and of the si^e of a small grain of san<i, we durst no more 
open our eyes to tbe light, than expose them to sand shot 
point-blank from a cannon. 

By help of microscopes, such objects as would other¬ 
wise escape our sight, appear very large : there are some 
small animals scarce visible with the best niicroscopc-s; 
and yet these have all the parts necessary for life, as 
blood, and other fluids. How wonderful then must tbe 
stibtihy of the parts be, which make up such fluids 1 
Whence is rieducibic the following theorem: 

Any particle of matter, however smull, and any finite 
space, however large, being given; it is possible for that 
small particle of matter to be diffused through that space, 
and to fill it so as that there shall be no pore in it, whose 
cliameter shall exceed any given line; as is demonstrated 
by Dr. Kcil, Introduce, ad Vor. Phys. 

DIVISIBLE, the faculty or quality of being capable 
of being divided. 

DIVISION, is one of the four principal rules of arith¬ 
metic, being that by which we find bow often one'quan¬ 
tity is contained in another; so that division is in reality 
only a compendious method of subtraction; its eficct be¬ 
ing to take one number from another os often as possible; 
that is, as often as it is contained in it. There are there¬ 
fore three numbers concerned in division: 1st, That which 
is given to be divided, called the dividend; 2d, That by 
which the dividend is to be divided, called the divisor; 
3d, That which expresses how* often the divisor is con¬ 
tained in the dividend ; or the number resulting from the 
di\ision of the dividend by the divisor, called the quotient. 

I'here arc various ways of performing division, one 
called the English, another the Flemish, another the Ita¬ 
lian, another the Spanish, another the Gorman, and an¬ 
other the Indian way, all equally just, as finding the quo¬ 
tient with the same certainty, and only differing in the 
manner of arranging and disposing the numbers. 

There is aUo division in integers, division in fractions, 
nnd division in species, or algebra, &c. 

Division is performed by seeking how often the divisor 
is contained in the dividend ; and when the latter consists 
of a greater number of figures than the former, the divi¬ 
dend must be taken into parts, beginning on Uic Icfl, and 
proceeding to the right, and seeking how often the disisor 
is found in ouch of those parts; after the manner as taught 
in all books of arithmetic, as well as various contractions 
adapted to particular cases : such ns, 1st, when tho divi¬ 
sor has any number of ciphers at the end of it, they ore cut 
off, with (be same number of figures from the end of tbe 
dividend, and then the work is performed without them 
both, annexing only the figures lost cut off, to the last re« 
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niainder; 2Jj when the divisor is equal to (he product of 
several single digits, it is easier to divide successively by 
those digits, instead of the divisor at once ; 3d, when it is 
required to continue a quotient to a gicat many places of 
figures, as in decimals, a very expeditious method of per* 
funning it, is as follows: Suppose it were required to di* 
vide 1 by 29« (u a great many places of decimals. Adding 
ciphers to the 1, fir^t divide 10000 by 29 ttt the common 
way, till the remainder become a single figure, and annex 
the fractional supplement to complete the quotient, which 
gives ^ s 0 * 034487 ^: next multiply each of these by 
tbt? numerator 8, so shall s 0*275844$ or rather 
0*27586^/ ; which figures substituted instead of the frac¬ 
tion in the first value of it becomes ^ — 
0*0344827586*^: again, multiply both of these by the 
last numerator 6, and it will be s 0*2068965517^7; 
which figures substituted for in tlie lost-found %alue of 

4 ^, it becomes ^ 7 = 0 * 03448275862068965517 ^ 7 * 

again, multiplying these by tlie numerator 7, gives 
^7 = 0*24137931034482758620*1; which figures sub¬ 
stituted instead of ^ in the last-found value of it be¬ 
comes ^ SS 

O*03448275862O689635l724137931O3i48275S62O4§, 
and so on; where every operation will at least double the 
number of figures before found by the last one. 

Proof <f Division. In every example of division, 
unity is always in the same proportion to the divisor, as 
the quotient is to the dividend; and therefore the product 
of the divisor and quotient is equal to the product of 1 
and the dividend, that is, the dividend itself. Hence, to 
prove division, multiply the divisor by the quotient, to the 
product fidd the remainder, and the sum will be equal to 
the dividend when the work is right; if not, there U a 
mistake. 

Division, in Vulgar Praciiov$f is performed by divi¬ 
ding the numerators by each other, and the denominators 
by each other, if they will exactly divide; but if not, then 
the dividend is multiplied by (he reciprocal of the divisor, 
that is, having its terms inverted ; for, taking (he recipro¬ 
cal of any quantity, converts it from a divisor to a multi- 
pi ier,and from a multiplier to a divisor. For £x« H-r by 
Ogives 4 , by dividing the numerators and denominators; 
but by 4 is the same ns 47 ^ 7 » which is = 77 * 
Where % is the sign of multiplication, and the character 
— is the mark of division. Or division is also denoted 
like a vulgar fraction ; so 3 divided by 2, is 4 * 

Division, in Decimai FractionSf is performed the same 
way os in inlegers, regard being had to tho number of de¬ 
cimals, vir, making as many in the quotient as those of 
the dividend exceed those in the divisor. 

But in this case we sometimes make use of a contracted 
method, which it may not be amiss to explain. Thus, when 
there are many figures in the divisor, or when only a cer¬ 
tain number of decimals arc necessary to be retained in 
the quotient; then take only as many of the left-hand fi¬ 
gures of the divisor as will exceed the number of figures, 
both integers and decimnis, to be retained in the quotient 
by unity, and find how many times they arc contained in 
the first figures of the dividend as usual. 

Let each remainder form a new dividend; and for every 
such dividend, leave out one figure more on the right-band 
side of tbe divisor, observing to carry for the increase of 
the figures cut off as follow: namely, 1, from 5 to 14; 
2, from J5 to 24; 3, from 25 to 34, fitc. 

Rut when there are not 10 many figures in the divisor as 


are required to be in the quotient, then the operalii^n 
must be begun witli all the fi^iures, contiituing it tliu sairu* 
as in the common rule, till the number of figures in tin* 
divisor exceed tho^c remaining to be found iu the quotient 
by unity, alter which begin the contraction. See the fol¬ 
lowing example, where 5 figures are to be relaimd in the 
quotient. 

92*4103,5 ) 2508*92806 ( 27149 

660721 

13849 

4608 

912 

80 

Division, in Algebra, is performed like that of com¬ 
mon numbers, either making a fraction of the dividend 
and divisor, and cancelling or dividing by the terms or 
parts that arc common to both ; or else dividing after the 
manner of long division, when the qiiuntitics are com¬ 
pound ones. 'I'hus, 

ub divided by a, gives b for the quotient: 
and 12a6 divided by 45, givc^ 3a for the quotient: 
l6a5c^ divided by Sac, gives 25c: 

a divided by 35, gives 

15a5c* divided by 125c^, gives “• 

and o* ^ 5* by a -fr- 5, gives a — 5; thus, 
a-t-5)a* — 5*(o — 5 
•+- a5 

— a5 — 5* 

^ <i5 — 5*; 

again, to divide x* — 8 x^ — I24x^ — 64 by x* ^ 16 ; 
x* — j 6 ) X*— «x'- 124 x*-64 ( X* -k 8x* -h 4 
x^ — 16 V 


8r* — 124X* 
12Sx* 


4r*—64 
4r* — 64 

In some cases, (he quotient w ill run out to an infinite 
series; and then, after continuing it to any certain num¬ 
ber of terms, it is usual (o annex, by way of a fraction, 
the remainder with the divisor set under it.—It is to be 
noted that, in dividing any terms by one another, if the 
signs be both alike, either both plus or both minus, the 
sign of the quotient will be plus; but when the signs are 
difierent, the one plus and the other minus, the sign of 
the quotient is minus. 

Division by Ix^garithms. Sec LooAniTUMS. 

Division ff MafAentaficai In$(rumen(s. See Gh.adva- 
TION, and Mural Arc or Sluadrani, 

Division in Music, is tlie dividing the interval of an 
octave into a number of lesser intervals. 

Division by Nopier^s Soncs, Sec Napier's Bones. 

Division qf PowerSf is performed by subtracting their 
exponents. Thus, i-oMs = a*; and 

4a^5*4 2o^b^ is = 20 ^ 5 ^^. 


Division <if Proportion, is comparing the difTercncc 
between the antecedent aud consequent, with cither of 
tbem. Thus, 

5 : : c : dp 

12 : 4 : : 6 : 2, 

rt — 5;a::c — d:c, 
a : 12: : 4 : 6 , 

0-^5; 5 ::c — 

8 : 4 : : 4 


if 


then by division ^ 
or { 




2. 
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Divisou, ilic inmibrr; or M>nt uhich shows 

}i(>NN man) parts the ilividcnd J$ to be divided into. 

Divisons oj'a arc those numbers by which it 

js i.xiictly divisible; thus, J, 2, 3, 4, 6 and \2, arc divi* 
soT'^ cf I he number 12, because 12 may be divided by 
each ol (hose iiuinbep*, without leaving a remainder. Hut 
it we lake a prime number, as for example 13, wo shall 
tiiHl that Jt has only two divisors; nanudy, 1 and 13, or 
ujiify and which is indeed wimt constitutes u |)rime 

jaimbi*!. 

In <omp(*dlo inimher^, it is fre<|uonlly necessary to 
know what tliose numbers are by which tiny arc divisible, 
(he sum of nil tluise divisors, how many such <livisor$ bc^ 
long to a given munher, their forms, and other particu¬ 
lars, which find (heir n|)plica(ioTi in various branches of 
nmilysia. In order to enter into these |>articnlars, it is 
necessary that we know all the prime disisois of a num¬ 
ber, which are found by dividing i) by all tliosc prime 
numbers, le>s than the square root of itself, by wdiich it is 
divisible; repeating the division by each, ns often as it can 
be done without leaving a remainder: by which means 
ev(T)* numliiT v is reduced to the following form, K = 
i^n ; w her<* rr, A, c Uc are the prime divisors 

of N, and ffif n,/J Arc the powers of those divisors, or the 
iiumbcT of times that N is divisible by r/, c&c. 

This reduction being made, it is evident from inspec¬ 
tion only, that by the devclo|>cinenl of the formula 
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c' . . . . c^) &c, wo shall obtain evety possible ctunhi na¬ 
tion, that can be formed with nhfis, t^bs, f>-cs ikCf and 
consequently, every divisor of n is contained in the result 
oblainccl from this dcvelopemont, and which will there¬ 
fore express the sum of nil the divisoi's of the given num¬ 
ber N. 


bu|>posc, for c.xainpic, (ho sum of all the divisors of S 60 
were lequired. 

Here JO'O = 2^3*.5^ that is n = 2, = 5, and c = 5; 
also m = 4, ns 2, and /> =s 2: therefore (1 2 2^ 

-f- 2^ -f- 2‘) . (I 3 3‘) . (i 4-5-1-50 =3M3.31 

= 12493 , which is the sum of ail the. divisors of 36o, 
Hut it, instead of 3b'0, the sum of the divisors of 36 1 had 
be^ln re(]uired, we shoul^ liavc found it equal only to 362, 

. > because 361 is a prime. From which circumstance we 
should be led to conclude, that no order could he oli- 
served between the sum of the divisors of the consecutive 
numbers; but Euler has proved in his Introduction to 
the Analysis Infinitoruin, tom. I, p. 355, that these sums 
follow a certain law*, after the munner of a recurring 
series. 

We may also from our 6rst formula find the number of 
divisors of any given number, which i$<widently expressed 
by (w -H I) . (n 4 - 1) . (/) 4 - 1) . fic. Sup|>oso, for ex- 
nin))lc, it were required to find how many divisors belong 
to the mini her 1800. 

First 1800 2^ • 3*» 5*; that is, m ^ 3, n = 2, and 

^ = 2: therefore (3 -f- I) . (2 I) . (2 n- 1). = 36, the 
number ofdividors of IROO* Hence again, we may rcadliy 
find a number that shall have any given number of divi¬ 
sors. 'i'hus, let it be required to find a number that shall 
have 20 divisors. Here, it is only necessary to resolve 
20 into any number of factors, os 20 s= 4.5; subtract 1 
from each of those factors, and make m s 3, n s 41 then 
will be the number sought; where a and b may be 

taken any prime numbers at pleasure. Jf a s 3, and 
b ssQ, wc have 27A6 = 432, for the number required* 


Various other properties of divisors might be here riiu- 
morated, but wc shall only mention a few of those which 
have been most successfully employed in the Theory of 
Numbers. 

1. If a be a prime number, and x not divisible by o, 

then is « a divisor of the formula (x*“* — 1 ), ^ 

2. If a be a prime number, it is a divisor of tbe for¬ 
mula {l.2.3---n— I) 4 - 1. 

3. If a be a prime number, it is a disisor of the for¬ 
mula (1®.2\3’. - • ± 1, ibc upper sign having 

place when a is of the form 4n 4 - I; and the under one 
when n is of the form 4n ^ 1* o 

4. The divisors of every number comprised under any 
of the forms 4 - p* 4- 2nS — 2n*, arc always of the 
same form, as the numbers that they divide. 1 hat is, the 
sum of two squares can only be divided by numbers ibat 
arc also the sum of two squares, bcc. It being always un¬ 
derstood that p and n arc prime to each other. 

5. Every prime number is a divisor of the formula 

/>* 4- 4- 1. 

6. Every odd number, except 5 and its multiples, is a 
divisor of uny repetend digit; and the number of digits 
necessary to form the dividend, never exceeds the number 
expressed by Ihc drviaor. 

7 . If the sum of the digits of any number Is divisible by 
3 or 9i the number itself is divisible by tho same number 
3 or 9 . 

8. If the sum of the digits in the even places, are equal 
to the sum of those in the odd places, in any number, 
that number is divisihle by ] 1. * 

9 . if the n riglit-haiid digits of any number be divisible 
by 2'^, the whole number is divisible by 2\ 

'41jc reader is referred for further information on this 
subject, to Euler's Introduction to the Analysis Inftni- 
torum, also to the 2d vol. of his Algebra; to Waring's 
Mcditationcs Algcbraica; Lc Gendre's Essai sur laThco- 
ricdcs Nombres; nnd to tlic llechcrchcs Arithmetiques, 
par M. Gauss. See also Nuunans in this Dictionaiy. 

DIURNAL, something relating to the day; in opposi¬ 
tion to Nocturnal, relating to the night. 

Diuukal Arch^ is the arch described by the sun, 
moon, or stars, between their rising and setting. 

Diurkal Circ/c, is the apparent circle described by 
the sun, moon, or stars, in consequence of the rotation of 
the earth. 

Diurnal Motion pf o Phnetf is so many degrees and 
minutes icc as any planet movers in 24 hours. 

Tho Diurnal Motion qf the Earthy is its rotation round 
its axis, thedumtiemof which constitutes the natural day. 

Diurnal Pnrailax. See Parallax* 

Dxuukal is also used in speaking of what belongs to 
the nyetbetneron, or natural day of 24 hours : in which 
sense it is opposed to annual, menstrual, &c. The diurnal 
phenomena of the heavenly bodu^ are solved from tho 
diurnal revolution of the with; (hat is, from the rotation 
of the earth round its own axis in 24 hours ; which rota¬ 
tion is equable, and from west to east, about im axis whose 
inclination to the ecliptic is now 66^32'* Now since the 
earth is nn opaque body, ifiot small part of its surface 
which comes at the same lime under the confined view of 
the spectator, though really spherical, seems to be ex¬ 
tended like a plane; and the eye, taking an entire view of 
the hc*nvcns, they seem to form a concave spherical su¬ 
perficies, concentric with the earth, or rather with the 
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which ihe said plane of the earth's superficies di* 
vides into two equal parts, the one of which is visible> 
but the other, because of the earth's opacity, is hid from 
the view. 

And as the earth revolves about its axis, the spectator, 
together with the said plane he stands upon, called his lio« 
rizoii, dividing the visible from the invisible hemisphere 
of the heavens, is carried round the simc way, viz, to¬ 
wards the ea>l: lienee it is, that the sun and stars, placed 
towards the ciisl, being before hid, now bcc<)me visible, the 
horizon as it uere sinking below them ; and the stais <Scc 
towards the \ve^l are covered or hid, a ml become invisible, 
the Horizoiwbeing elevated above lliem: so that the former 
stars^ to the spectator, who reckons the place he stands 
on as immoveable, upp<*ar to ascend above the horizon, or 
rise; and the latter to descend below the horizon, or set. 

Since the earth, with the horizon of the spectator, con¬ 
tinues to move always towards the same parts, and uboiit 
the same axis equally; all bodies, and all phenomena, 
that do not partake of the said motion, (that is, all such 
things as are entirely separate from the earth,) seem to 
move in the same lime uniformly, but towards the oppo¬ 
site parts, or from cast to west: and every one of these 
objecis, according to sense, describes the circumference of 
a circle, whose plane is perpendicular to the axis of the 
earth* And because all these circles, together with the 
visible objects describing them, appear to be in the con¬ 
cave spherical superficies of the heavens, every visible ob¬ 
ject seems to describe a greater or less circle, according 
lo its greater or less d^^(ancc from the poles, or extremi¬ 
ties of the earth's axis produced; the middle circle be¬ 
tween ihne pules, called the equator, being ciyisequcntly 
the greatest. 

DODKCAGON, a regular polygon of 12 equal sides 
and angles. If the side of a dodecagon be 1, its area will 
be equal lo 3 limes the tang, of 75® s: 3 x (2 \/3) = 

nearly; and, the ureas of plane figures being 
as the squares of their side's, therefore 1 p|tj6l524' mul¬ 
tiplied by the square of the side of any dodecagon, will 
give its area. See my Mensuration, pa. 85, 4tli edit. 

To imeribe a Dodecagon in a given Citcle* Carry the 
radius 6 times round the circumference, which will di¬ 
vide it into 6 equal parts, or will make a hexagon; then 
bisect each of thoK parts, which will divide the whole 
into 12 parts, for the dodecagon. Sec also other methods 
of describing the same figure in my Mensuration, pa. l6, 
dfc. SeoPoLTOOff. 

DODECAHEDRON, one of the Platonic bodies, or 
five regular solids, being contained under a surface com¬ 
posed of twelve equal and regular pentagons' 

' TQ/orm a Dodecahedron. See Aguiar fioDY. 

If the side, or linear edge, of a dodecahedron be s, its 
.surface will be -t- 30'6457788s% and 

jts solidity i^\/(4*7 = 7’C()31 

If the radius of the sphere that circumscribes a dode¬ 
cahedron bo r, then is 
-sts side or linear edge =5 (v^ 15 *-\/d) x 
Its superficies • = I0r*v^(2 — 

and Its solidity • s 

The side of a dodecahedron inscribed in a sphere, Js 
equal to the greater part of the side of n cube inscribed 
in the same sphere, cut in extreme and mean propor¬ 
tion.—If a line be cut according to extreme and mean 
ratJOf and the less segment be taken fur the side of a do- 
\ou I- . 


decahedron, the greater segment will bo the side oi a cub^ 
inscribed in tlic same sphere.-*-Tlie side of the cube is 
equal to the right line winch '^ubtends the angle of a p< n- 
layoii of the (JodcCttliedrun, inM ribe<i in the same spliere. 
See P<iLYJiKDiioN ; al'u iny Mensur. pa. I8S, Arc. 

DODSON (J A.M 1 5>), was an ingeniuUN and very indus¬ 
trious mathematician, as will as uuthnr ot several useful 
books; but we ure acquainted wjtb very tew particulars 
of bis life. He was some time master of the Royal Ma¬ 
thematical School in Christ’s Ho'^pital, Lo ndon. I lis 
publications chiefly were, 1. The Aiiulogantliinic Canute, 
folio, 1742.—2. The Calculator, a collection of useful 
tables, large 8vo, 1747*—3. Malhcmaticol Reposiiur), 
being a collection of analytical questions and solutions, 
in 3 voU. 12mo. an. 1748, 1753, 1755. 

DOG, a name common to two constellations, called 
the Great and Little Dog; but more usually Canis Major, 
and Cauis Minor. 

DOLLOND (Jony), the celebrated optician, was bom 
in Spitulfields, in June, 1706*: his parents were French 
protesUiiU, who quilted Normandy at the revocation 
of the edict of Nantz, iu 1685. 

The first years of Mr. DoDond’s life were employed at 
the loom ; but, being of a very studious and philosophic 
turn of mind, his leisure hours were ongHgo<l in nialhe- 
matical pursuits ; and though by the dcaili of his father, 
which happened in his infancy, his education gave way lu 
the necessities of bis family, yet at the age of fifteen, be¬ 
fore be had an opportunity of seeing works of science or 
elementary treatises, he amused himself by constructing 
sun-diaU, drawing geometrical scboines, and soUiog 
problems. Under the pressure of a close application to 
business for the support of his family, he found time, by 
abridging the hours of his rest, to extend bis nuitheinati- 
cal knowledge, and made a considerable proficiency in 
optics and astronomy, to which he now principally de¬ 
voted his attention, having in the earlier stages of his life 
prepared himself for the higher parts of those subjects, by 
4 Correct knowledge of alaebra and geometry. IIcuImi 
acquired a very respectable knowledge of the Latin uiul 
Greek languages. 

He designed bis eldest son, Peter DoUond, for the same 
business with himself; and for several years they carried 
on their manufacture together in Spitalfields; but the em¬ 
ployment neither suited the expectations nor disposition 
of the son, who, having received mucli information on 
mathematical and pbilosopbical subjects, from the in¬ 
struction of bis father, and observing the great value 
which was set upon bis father's knowledge in the theory 
of optics by professional men, determined to apply that 
knowledge to the benefit of himtclf oiid his family ; and ac¬ 
cordingly, under the directions of his father, commenced 
optician. Success attended every effort; and in the year 
1752, John Dullond, embracing the opportunity of pur¬ 
suing a profession congenial with his mind, joined his son, 
and in consequence of his theoretical knowledge, soon be¬ 
came a proficient in the practical parts of optics. 

His first attention was directed to improve the com- 
lunation of the eye-glasses of refracting telescopes; and 
having succeeded in liis system of four eyc-glassi^, he 
proc<*cded one step further, and produced telescopes fur¬ 
nished with five cyc'glasscs, which considerably surpassed 
the former; and of which he gave a particular account 
in a paper presented to the Roynl Society, and which wus 
printed in the Philos, Trans, voL 48, pa. 103. 
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SfM.n flfi.T lie made a very useful improvement in 
Mr. Savory’s micrometer: for, instead of cmployinsr two 
entire object-{»lasses, as Mr. Savory and M. U<»u<;uer had 
done, he used only one glass cut into two equal parts, 
one of them sliding or moving laterally by the other. 
I his was considered to be a great improvement, as the 
micrometer could now be applied to the rejecting tele¬ 
scope with much advantage, and which .Mr. James Short 
imiiicdiatcly did. An account of the same was given to 
the Koynl Society, in a paper, which was afterwards 
printed in the Philos. Trans, vol. 48, pa. 178. 

Mr. Uollond’s celebrity in optics now became uni- 
Nersiil : and the friendship and protection of the most 
eminent men of science flattered and encouraged his pur¬ 
suits. Surroumied by these enlightened men, in a state 
of mind prepared for the severest inve-siigntion of plulo- 
sopliic truths, and in circumstances favourable to liberal 
tiKjuiry, Mr. Dollond engaged in the discussion of a sub¬ 
ject, which at tliat lime not only interested this country, 
but all Europe. Sir Isaac Newton had declared, in his 
Treatise on Optic^, page 112, “ That all refracting sub- 
.•■taners diverged i!ie prismatic colours in a constant pro¬ 
portion to their mean refraction;” and drew this con¬ 
clusion, “ that refraction could not be produced without 
rnlnur and consequently, “ that no improvement could 
be expected in the refracting telescope.” No one doubled 
tlie accuraby with which Sir Isaac Newton had made the 
experiment; yet some men, particularly M. Ruler and 
others, were of opinion that the conclusion which Newton 
liad drown from it, went too far, and maintained, that in 
very small angles refraction might be obtained without 
colour. Mr. Dollond was not of that opinion, but dc- 
femled Newton’s doctrine with much learning and inge- 
iiiiily. as may be seen by a reference to the letters which 
passvil between Euler and Dollond on that occasion, and 
which were published in the Philos. Trans, vol. 48. pa. 
287, and contended that, “ If (he result of the experi- 
ineiit had been as described by Sir Isaac Newton, there 
could not be relVnction ivithoiit colour.” 

A mind constituted like Mr. Dollond's could not re¬ 
main satislh-d with arguing in this maimer from an ex- 
perimciit made by another, but determined to try it him¬ 
self: and accordingly, in the >enr 1757, he began the 
e.xuminatioii; and, to use liis own words, with " a reso¬ 
lute perseverance," continued during that year, and a 
great part of tlie next, to bestow his whole mimi on the 
subject, until in the month of June, 1753, he found, after 
a complete course of experiments, the result to be very 
differcul from that which he expected, and from that 
which Sir Isaac Newton had related. He discovered 
“ the difference in the dispersion of the colours of light, 
when the mean rays are equally n-frected by different 
mediums.” 'riic discovery was complete, and he imme- 
dtntely «lrew from It this practical conclusion, “ That the 
objcci-gla.s8es of- refracting telescopes wore capable of 
lieing made without being affected by the different refran- 
gibihty of the ray.s of light" His account of this experi¬ 
ment, and of others connected with it, was given to the 
Koyal Society, and printed in their Transactions, vol. 50, 
pa. 733, and he was presented, in the same year, by that 
learned body, with Sir Godfrey Copley’s incdnl, as a re- 
ward of his^merit, and a memorial of the discovery, 
luough not at that time a member of the Society. 

Tins discovery no way affected the points in dispute 
between Ruler aud iTollond, respecting the doctrine ad¬ 


vanced by Sir Isaac Newton. A new principle was in ■ 
maimer found out, which had no part in their former 
reasonings, .in<l it was reserved for the accuracy of Dol- 
loiul to have the honour of making a discovery which had 
eluded the ob>crviUion of Newton. This new principle 
being now esuiblished, he was soon able to construct 
object-glasses, in which the difh-rcnl refraogibilily of the 
rays of ligiit was corrected, and the name of achromatic 
given to them by the late Dr. Bevis, on account of their 
being free from the prismatic colours. 

As usually happens on such occasions, no sooner was 
the achromatic telescope made public, than the rivalihip 
of foreigners, and the jealousy of philosophers at home, 
led them to doubt of its reality ; and Euler himself, in his 
paper read before the Academy of Sciences at Berlin, in 
the year 1764, says, “ I am not ashamed frankly to avow, 
that the first accounts which were published of it, ap- 
peareil so suspicious, aud even so contrary to the best 
established principles, that I could not prevail upon my¬ 
self to give credit to them and he odds, “ | should 
never have submitted to the proofs which Mr. Dollond 
produced to support this strange phenomenon, If M. 
Clairaut, who must at first have been equally surprised at 
it, had not most positively assured me, that Dollond's 
c.vperimeuU were but lot. well founderl.” And when the 
fact could no longer be disputcti, they endeavoured to find 
a prior inventor, to whom it might be ascribed, and several 
conjccfurcre were honoured with the title of discoveren. 

In the beginning of the yc.ir 1761, Mr. Dollond was 
elected Fellow of the Royal Society, and appointed op- 
ticiau to his majesty, but did not live to enjoy those ho¬ 
nours long; for on the 30lh of November, in the same 
year, as he was reading a new publication by M. Clairaut, 
on the theory of the moon, and on which ho had been in¬ 
tently engaged for several hours, he was seized with 
apople.xy,^ which rendered him immedintely speechless, 
and ocensionori his death in a few hours afterwards. 

Besides Mr. Peter Dollond, whom we have bad occa¬ 
sion to mention in the course of this memoir, IiisViimily, 
at his death, consisted of three daughters aud a son, who, 
possessing the name of his father, and, we may add, a 
portion of the family abilities, carries on the optical busi¬ 
ness, in partnership with his elder brother. Sec also the 
articles AciiituMATic and Telkscove. 

DOME, is a round, vaulted, or arched roof, of a 
church, hall, pavilion, v^estibulc, stair-case, &c, byway 
of crowning, or acroter.—In plate 7. is represented the 
plan and elevation of a dome constructed without cen¬ 
tring, by Mr. S. Bunce; via, fig. 1 the plan, and fig, 2 
the elevation. The first course'consists of the stones 
marked 1 , 1 , j, Arc, of different sizes, the large ones ex¬ 
actly twice the height of the small ones, placed alternately, 
nnd forming inierrals to receive the stones marked 2, 2,2. 
The other courses ore continued in the same manner, ac¬ 
cording to the order of the figures to ihe lop. 

It is evident, from the converging orwedge-like form of 
the intervals, that the stones they receive can only be 
inserted from the outside, nnd cannot fall through: there¬ 
fore the whole dome may he built without centring or 
temporary support. To break the upright joints, the 
stones may be cut of the form marked in fig. 3; and those 
marked l6, 17. &c, near the kcy-stoncs, may be enlarged 
03 at fig. 4. 

For the mathematical theory of Domes, sec my new 
Tracts, vol. 1, pa. 63, &c. 
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DOMINICAL Letur^ otherwise called the Sunday 
LcUCTy is one of these first seven letters of the alphabet, 
ADCDEFO, used iH almaiiacs,^ to mark or cIcDote 

the Sundays throughout tbc year. The reason for using 
seven letters, is because that is tbc number of days in a 
week \ and the method of using them is this: the first 
letter A is set opposite the 1st day of the year, the 2d 
letter B opposite the 2d day of the year, the dd letter c 
opposite the dd day of the year, and so on through the 
seven letters; after which they are repeated over and over 
again, all the way to the end of the year, the letter a 
denoting the Sth day, (he letter B the 9th, fkc. Then, 
whichever of the letters so placed, falls opposite the first 
Sunday in the year, the same letter, it is evident, will 
fall opposite every future Sunday throughout the year, 
because the number of the letters is the same as the num¬ 
ber of days in the week, being both 7 in number; (hat is, 
in common years; but in leap-years, an interruption of 
the order takes place in them* For, on account of the 
intercalary day, either the letters must be thrust out of 
their places for tbc whole year afterwards, so as (hat the 
letter, for example, which answ'ers to the Ut of March, 
shall likewise answer to the 2d, &c ; or else the intercalary 
day must be denoted by the same letter as the preceding 
one. This latter expedient was judged to be tbc best, and 
accordingly all the Sundays in the year after the inter- 
calary day have another Dominical letter. 

The Dominical letters wore introduced into* the ca¬ 
lendar by the primitive Christians, instead of the nundinui 
letten ill tbc Homan calendar; and in tbh manner were 
those seven letters set opposite the days of the year, to 
denote (he days in the week, in most of our common 
almanacs, (ill the year 1771| when the initial letters of 
the days of the week were generally introduced instead of 
them, excepting the bunday letter itself, which is still 
retained. 

From the foregoing account it follows, that, 

1st, As tlic* common year consists of 365 days, or 52 
weeks, and oitc day over; the letters go one day back¬ 
wards every common year: that in such a year, if the 

beginning or fint day fall on a Sunday, the next year it 
will fall on a Saturday, the next on a Friday, nnd so on. 
Consequently, if o be the Dominical letter for the present 
year, f will be that for the next year; and so on Jn a re¬ 
trograde order. 

2d, As the bissextile or leap-year consists of 36o days, 
6r 52 weeks, and 2 days over, tbc beginning of the year 
next after bissextile goes back 2 days. Whence, if in the 
beginning of the bissextile year tbc Dominical letter were; 
G, that of the following year will be e. 

Sd, Since in leap-ycan the intercalary day falls on 
the 24th of February, in which case the 24th and 25(h 
days are considered as one day, and denoted by the same 
letter; after the 24th day of February the Dominical 
letter goes back one place: thus, if in the beginning of 
the year the Dominical letter be G, it will afterwards 
change to (he letter f for the remaining Sundays of the 
year. With us, however, this day is now added at the 
end of February, and from thence it is that the change 
takes place. 

4tb, As every fourth year is bissextile, or leap-year, 
and as ^the number of letters is 7; the same order of 
Dominical letters only returns in 4 times 7$ or 28 years; 
which, without tbc interruption of bissextiles, would re¬ 
turn in 7 years. 


5th, Hvnee ilic invention <jf the solar cycle of 28 yrar< : 
on the expiration of which the Dominical lcitt>r$ an* 
restored successivt'ly to the same days of the month, or 
(ho same order of the Utte rs returns. 

To find//te Dominical Letter of nny giren ^ear^ Find 
the cycle of the ^un lor tliat year, os directed under 
Cycle; and the Donunical letter is found corresponding 
to it. When there are two letters, the proposed year js 
bissextile; the former of them serving till the end of 
February, and the latter for the rest of the yrar. 

The Dominical letter for any year of the present cen¬ 
tury may be found thus: 

To the number of years since the dale ISOO, add their 
fourth part, plus 2; and divide the sum by 7, then sub¬ 
tract the remainder from 7y and tbc last number will be 
that answering to the Dominical letter; that is, if the 
remainder be 1, it answers to a, 2 to b, &c, and 0 to o. 

Suppose, for example, we wanted the Dominica) letter 
fur the year 1833. 

Here 33-«-8-*-2=43, being divided by 7, leaves a re¬ 
mainder 1, which taken from 7, gives 6; answering to r, 
which therefore is the Dominical letter for that year. 

When the year is bissextile, that is, when the date of 
it is divisible by 4, then the letter obtained from this rule 
is that used from February to the end of the year, and 
the Sunday letter from the beginning of the year, to the 
end of February, will be that, next in order in the alphab< t, 
unless the former is o, in which ease the laltor will he a. 

By the reformation of the calendar under Pope Gre¬ 
gory the 13th, (he order of (he Dominical letten was 
again disturbed in the Gregorian year ; for the year 1582, 
which had c for its letter at the beginning, by retrench¬ 
ing 10 days after the 4lh of OctoWr, came to have c: 
by which means the Dominica] letter of the ancient Ju¬ 
lian calendar is 4 places before that of (he Gregorian, 
tbc letter A in the former answering to t> in the latter. 
DONJON. See Dungeon. 

DONN (&ekjam!N)» a lespcctnblc mathematician, 
was born at Bideford, in Devonshire, in 1729* He ko|Pi 
a school in that town for some years, and while (here, 
made a complete survey and map of the county, for 
which he received a premium of 100/. from the society 
for promoting arts and commerce. Ho also published bis 
Mathematical Essays in 8vo, which had a'favourable re¬ 
ception, and procured him (he oflicc of keeper of the 
library at Bristol; where he also kept u flourishing aca¬ 
demy for some years. In 1771 he printed on Epitome of 
Natural and Experimental Philosophy, ]2mo; and in 
1774, a work, entitled, The British Mariner's Assistant, 
being a collection of tables for nautical purposes. In 
17^ he was appointed to the sinecure ofiice of master of 
mechanics to the king. Besides the books above men¬ 
tioned, he published also treotises on Arithmetic, Book¬ 
keeping, Geometry, and Trigonometiy. Mr. Donn died 
in 1798| leaving behind him tbc character of an ingenious 
and worthy man. 

DORADO, a southern constellation, not visible in our 
latitude; called also Xipbias, or the Sword-fish. Its 
stars, in Sharp's catalogue, are 6. 

DORIC Order of Architecture, is the second of the 
five orders, being placed bclwccii the Tuscan and the 
Ionic. The Doric seems the most naturali and best pro¬ 
portioned, of all the orders; all its parts being founded 
on the natural position of solid bodies; for which reason 
it is most proper to be used in great and massy buildin«$ 
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as tliu outside of churches aiul public places. The Doric 
order has no ornaments on its base nor its capital. Its 
column is 8 diameters hi^h, and its frieze is divided be¬ 
tween triglyplis and iiu-topes. 

DOUMLR, or Don MANX, in Architecture, ^lenotcs a 
^vinilow made in the roof of a building, or above the en- 
(ahlaturc ; being raised upon the rafters. 

DOUBLL Jlorizort(al Diul^ one with a double gnomon, 
the one pointing out the hour on the outer circle, the 
other, on the slereograpliic projection drawn upon it. Tliis 
dial HtuU the meridian, the hour, the sun s |dace, rising, 
Sitting, (<Cf and many other problems of (he globe. 

Douni.c Pom(^ in the Higher Geometry, is a point 
wliich is common to two parts or legs, or branches of 
snnio curve of the 2d or higher ordin*: such as, an in¬ 
finitely small oval, or a cusp, or the cmciform intersec¬ 
tion, &c, of such curves. See Newton's ICnumeratio 
Liiiearuin, &c, dc Curvarum Punctis Duplicibus. 

Doudlr Sfars. See Star. 

Doiriir.tu o/ EUctriciit/y is an instrument capable of 
augmenting a very small quantity of electricity, so as to 
render it more than sutlicicntly manifest, by means of an 
eicctrunieter, or even capable of at)or<ling sparks. 

I he invention of this instrument is due to the Uev. 
Abruha/u Beiinet; the <lescrip(ion of which is contained 
tn the second part of the 77th volume of the Philosophical 
Transactions; and in the same Transactions, for the year 
17S8, Mr. Cavallo has given an account, at considerable 
length, of his experiments and observations on this instiu- 
nunit, as improved by himself, and also in its original form; 
from which he concludes, ** that the invention of the 
ilouhicr is very ingenious, but its use cannot be depended 
on that is to say, for ascertaining small quantities of 
electricity, becuusc^ though no electricity be communi¬ 
cated to the plates of the instruments, yet by the usual 
process of doubling, a certain quantity of it will be pro- 
<luccd. For the description of a very ingenious instru¬ 
ment for this purpose, by Mr. NiclioUon, sec Philosophi¬ 
cal Transactions for the year 1788. 

Douulino a CapCy or Point of Landy in Navigation, 
signifies the coining up wilh it, passing by it, and leaving 
it behind the ship. 'Phe Portuguese pretend that they 
tirst doubled the Cape of Good I lope, under their admiral 
X'asqucz dc Gama; but there arc accounts in history, 
particularly in Herodotus, that the Egyptians, Carthagi- 
uiaiis, &c, had done the same long before them. 

DOUCINE, in Architecture, is an ornament on the 
highest part of the cornice, or a moulding cut ia the figure 
ol a wave, half convex, ond half concave. 

DHACHMjor Dham, is the name of a small weight 
with us, and is of two kinds, viz, the 8tb part of an 
ounce in Apotitecarics’ weight, ami the l6lh part of an 
ounce in Avoinlupois weight. 

DRACO, ilic 1) It AG ON, a constcUation of the northern 
lieinisplierc, whose origin is variously fabled by the Greeks; 
some of them representing it as the Dragon which guarded 
the Hesperiarr fruit, or golden apples, but bong killed by 
Hercules, Juno, us u reward for its raithfiil services, look 
it up to hcH>cn, and so formed this constellation: while 
others siiy, that in the war of the giants, this Dragon wus 
brought into tlie combat, and oppl>^ed to Minerva, when 
the goddess taking the Dragon.in her hand, threw him, 
twisted as he was, up to the skies, ond fixed him to the 
axis of the heavens, before he bud time to unwind hU con¬ 
tortions. 


The stars in this constellation arc, according (o Pio- 
hmy, 31; according to lycho, 32 ; Hevelius, 40; Bayer, 
33 ; and FlamsUx*da SO. 

DRAGON, in Abtron* my. See Draco* 

Dragon's Hcad^ and Teii/, arc iho nodes of the planets, 
but more particularly of the moon, Ix'ing the p^drits in 
wliich the ecliptic is iiitcncctcd by her orbit, in an angle 
of about 5^ 18. One of thm points is nnrtbward, the 
moon then beginning to have north latitude; nnd the other 
southward, vvherc she commences south latitude; the for¬ 
mer point bi ing represented by the knot Si for the head, 
and the other by the same reversul, or £5 for the taiL 
And near these points it is that all eclipses of the sun and 
moon happen. 'Fhese intersections are not always in the 
same two points of the ccimtic, but shift by a retrograde 
motion, at the rule of 3' 1 per day, and completing their 
circle in 18 years 225 days. 

DRAGON-^rri/n^, in Architecture, arc two strong braces 
or struts, standing under a breast'summor, end inccding in 
an angle on (he shoulder of the king-piece. 

DRAM, See Dkacum* 

DRAUGIlT-C?apaAser, those provided with several 
moveable points, to draw fine draughts in archit«(urc, &c. 
See Compass* 

DKAUGH r*//ooA:r, arc large hooks of iron, fixed on 
the cheeks of a gun-carriage, two on each side, one near 
the trunnion hole, and the other at the train. 

DRAW-Bnd^c, a bridge made after the manner of a 
floor, to be drawn up, or let down, as occasion requires, 
before the gate of a tow n or castle* 

DRIFT, SnooT, or Tii rust of an Arch,is the push or 
force it exerts. 

Drift, in Navigation, denotes the angle which tholina 
of a ship's motion makes with the nearest meridian, when 
she drives with her side to the wind uiid waves, and is not 
governed by the power of the helm; and also thediitance 
which the ship drives on that line, so called only in a 
storm. 

DRIP, in Architecture* See Larmier. 

DUCl'iLrrV, a property of certain bodies, by w hich 
they arc capable of being beaten, pressed, drawn, or 
stretched forth, without breaking; or by which they arc 
capable of great alterations in their figure nnd dimensions, 
and of gaining in one way os they lose in another. 

Such are metals, which, being urged by the hammer, 
gain in length and breadth wltut they lose in thickness; or, 
b(‘ing draw n into wire through holes in iron, become longer 
as they arc made more slender. Such also arc gums, glues, 
resins, and some other bodies; whicb, though not malle¬ 
able, may yet bo denominated ductile, in as much as, when 
softened by water, fire, or some other menstruum, they 
may bo drawn into threads. 

Some bodies are« ducltle both when they ore hot end 
cold, end in all circumstances: such are metals, and cs- 
*pccially gold and silver; other bodies are ductile only 
when they have n certain dcgri'c of heat; such as glass, 
and wax, end such like substances: othersagainareductile 
only when cold, and brittle when hot; as some kinds of 
iron, viz, those called by workmen redshort, as also brass, 
and some mi tallic alloys. 

The. cause of ductility is very obscure; as depending 
much on hardness, n quality whose nature we know very 
little about* It is true, it is usual to account for hard¬ 
ness from the force of attraction between the panicles of 
the bard body; and ibr ductility, from the particles of the 
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ductile body beiDg as it were jointed, and entangled with 
each other. But without dwelling on any fanciful bypo- 
thesos about ductility, 'vr may amuse ourselves with some 
truly amazing circumstances and phenomena of it, in the 
instances of gold, glass, and spiders' webs. Observing, 
bofever, that the ductility of metals decreases in the fol¬ 
lowing order: gold, silver, copper, iron, tin, Itad. 

Ductility^ Gold. One of the prcuiertics of gold is, 
to be the most ductile of all bodies ; oi which the gold¬ 
beaters and gold-wire-drawers, furnish us with abundant 
proof. Fa. ^^c^scnne, M. Kohault, Dr. ilalley, &c, have 
made computations of it: but they trusted to the reports 
of the workmen. M. Reaumur, lu the Memoiresde TAca- 
domic Royale des Scienci-s, an. 1713» took a surer way ; 
be made the experiment himself. A suigle grain of gold, 
he found, even in the common gold leaf, used in most oJ 
our gildings, is extended into 36 and a half square inches ; 
and an ounce of gold, which, in form of a cube, has not 
half an inch for its snle, is beaten underthc hammer into 
a surface of 146 and a Imlf square feet; an extent almost 
double to what could be dune in former tifues. In Fa. 
Mersenne's time, it was deemed prodigious, that an ounce 
of gold should form '1600 leaves; which, together, only 
made a surface of 105 square leet. 

But the distension of gold under the hammer (however 
considerable), is nothing to that which it undergoes in the 
drawing-iron. There arc gold leaves, in some parts scarce 
ly eW eg thick; but 

inch is a considemhle thickness, in comparison of that of 
the gold spun on silk iu our gold* thread. To conceive* 
this prodigious ductility, it is necessary to have some idea 
of the manner in which the wire-drawers proceed. The 
wire, and thread that we commonly call gold thread, j<c, 
(svhich is only silver wire gilt, or covered over with gold) 
is drawn from a large ingot of silver, usually about thirty 
pounds weight. This they form into a cylinder, or roll, 
about an inch and a half in diameter, und twenty-two 
inches long, and cover it with the Icavi S prepared by the 
gold-beater, laying one over another, till the cover is a deal 
thicker than that in our ordinary gilding; and yet, even 
then, it is very thin; as will be easily copceived from the 
quantity of gold that is used for gilding the thirty pounds 
of silver, which seldom exceeds two ounces; and, fre¬ 
quently, little more than one. In effect, th 6 full thick¬ 
ness of the gold on the ingot rarely exceeds or 
part; and ^metiinel not 7^9 part of an inch. 

The ing<»t is then successively drawn through the holes 
of several irons, each smaller than the other, till it be as 
fine ds, or finer than, a hair. E'fcry new hole lessens its 
diameter; but it gains in length what it loses in tbick- 
Dcss; and of course increases in surface: yet the gold still 
covers it; it follows the silver in all its extension, and 
never loaves the minutest part hare, no| even to the mi¬ 
croscope. How inconceivably therefore must it be at¬ 
tenuated wbilc the ingot is drawn into a thread, whose 
diameter is 90 OO times less than that of the ingot. M, 
Reaumur, by exact weighing, and rigorous calculation, 
found, that one oonce of the thread w‘as 3232 feet long; 
and the whole ingot 1 163520 feet Park measure, or 96 
French leagues; equal to 1264400 English feel, or 240 
miles English ; an extent which far surpasses what Fa. 
Mersenne, Fureti^re, Dr. Halley, &c, ever thought of. 

Menonne says, that half on ounce oT the thread is 100 
loises or fathoms long; on^hich calculation^ au ounce 


would only be 1200 feet: whereas M. Reaumur firids it 
3232. Dr. Halley makes 6 feet of the wire one gram in 
weight, and one grain of the gold 98 yards; and conse¬ 
quently the ten-thousandth part ofa grain, ab<»ve one third 
of an inch. The diameter of the \sire he found one-186lh 
partof an inch ; un<l the thickness of the gold one-154500(h 
part of an inch. But this too coiner short of M. Reaumur; 
for, on this principle, the ounce of wire would only be 
26*80 feet. 

But the ingot is not even in this cose extended to its full 
length. The greatest part of our gf>ld thread is spun, or 
wound on silk ; and, before it is ^pun, they rial Jt, by pass¬ 
ing it betwetm tvro rolls, or wheels of exceedingly well 
polished steel; whicli wheels, in flatting it, lengthen it by 
above one-seventh. So that our 2+0 miles are thus ex¬ 
tended to 274. Now, the bn^adth of these lammx, or 
plates, M. Reaumur finds, is only onc- 8 th of a line, or 
ono-96lh of all inch; and their thickness onc-3072d. The 
ounce of g'dd, then, is here extended to a surface of 1 19® 
square feet; whereas, the utmost the gohhbeatcrs can do, 
uc have observed, is to extend it to 146 square feet From 
M. Reaumur's calculus, it is found to be one-l75000lh of 
a line, or one- 2100000 ih of un inch; whicli is scarce one- 
13th of the thickness that Dr. Ilalley supposed. 

But he adds, (hat, from this fU]»position the thickness 
of the gold is every where equal, which is no ways proba¬ 
ble; for ill beating the gold leaves,whatever care they can 
bestow, it is impossible to extend (hem equally. This wc 
easily find, by the greater opucily of some parts than 
others ; for, where the leaf is thickest, it will giltl the wire 
llic thickest; and Reaumur, by computing what the thick¬ 
ness of the gold must be where it is thinnc&t, finds it only 
on(>-31500U0th part ol an inch. Yet even this is not the 
utmost ductility of gold ; for, instead of two ounces of 
gold to the ingot, which wc have hero computed upon, a 
single one might havo been used; and then the thickness 
of the gold, in tiie thinnest places, would only have been 
the 6300000th part of an inch. 

And still by only pressing them more between the fiat- 
tec's wheels, they are extended to double the breadth and 
proportioimbly in length. So that their thickness, at last, 
will be reduced to onc-tbirtcen or fburtoeiv millionth part 
of an inch. 

Yet, with this amazing thinness of the gold, it is still a 
perfect cover for the silver: the best eye, or even the best 
microscope, cannot discover (he least chasm, or discon¬ 
tinuity. There is not no aperture to.admit alcohol of wine, 
the subtiicst fluid in imturc, or even light itself, unless it 
be owing to cracks occasioned by repeated strokes of the 
hammer. To which wc may add,*that if a piece of this 
gold thread, or gold plate, belaid to dissolve iu aquafortis, 
the silver will be all excavated, or eaten out, and the gold 
left entire, in little tubules. 

It sbould be observed, that gold, when it has been struck 
for some lime by a hammer, or violently compressed, os 
by gold wire-drawers, becomes more hard, clastic and 
stilT, and less ductile, $0 that it is apt to be cracked or 
(urn : the same thing happens to the other.metaU by per>> 
cussion and compression; but ductility and tractability 
may be restored lu metnls in that state, by annealing them, 
or making them red hot. Gold, however, scenisto be 
more affected by percussion and annealing, than any other 
mctuls. 

As to the Ductility qf rojl bodkst it is not yet curricdi 
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to that pitcli. Wc n)U 5 t not lit; surprised that, among the 
ductile hudicsof this class, the first place is given to the 
most brittle ol all others,—glass. 

Ductility of Class. It is known that.whcn well pe¬ 
netrated with the heat of the lire, the workmen can figure 
and manage glass like soft wax; but what is most remark¬ 
able, it may be drawn or spun out into threads cxcecd- 
ingly fine and long. Our ordinary spinners do not form 
their threads of silk, fiax, or the like, with half the ease 
and expedition, as (he glass-spiimcrs do tlireads of this 
brittle matter- Some of iheui that are used in plumes 
for children’s heads, and divers other works, are much 
finer than any hair, and which bend and wave like it with 
every wind. 

Nothing is more simple and easy than the method of 
making them : there are two workmen employed ; the first 
holds one end of a piece of glass over tlie flame of a lamp; 
and, when the heat has softened it, a second operator ap¬ 
plies a glass hook to the metal thus in fusion ; and, with¬ 
drawing the hook again, it brings with it athroud of glass, 
which still adheres to the mass: then, fitting his book on 
the circumfeix'nce of a wheel about two feet and a half in 
diameter, he turns the wheel as fast as he pleases ; which, 
drawing out the thread, winds it on its ri^n; till, after a 
certain number of revolutions, it is covered with a skein 
of glass thread. 

The mass in fusion over the lamp diminishes insen¬ 
sibly^: being wound out, as it were, like a pelotoon, or 
clue of silk, upon the wheel; and the parts,as they recede 
from the flame, cooling, become more coherent to those 
next to them; and this by degrees: the parts nearest the 
fire arc always the least coherent, and of course must give 
way to the effort the rest make to draw them towards the 
wheel. The circumference of these threads is usually n 
flat oval, being 3 or 4 times as broad as thick: some of 
Uiem seem scarce larger than the thread of a silk-worm, 
and arc surprisingly flexible. If the two ends of such 
threads be knotted together, they may be drawn and bent, 
till the aperture, or space in the middle of the . knot, doth 
not exceed one-4th of a line, or one-48th of an inch dia¬ 
meter. 

Hence M. Reaumur advances, that the flexibility of 
glass increases in proportion to the fineness of the threads; 
and that, probably, had wc but the art of drawing threads 
as fine as a spider’s web, we might weave stuffs and cloths 
of them for wear. Accordingly, he made some experi¬ 
ments this way, and found he could moke threads fine 
enough, viz, as fine, in his judgment, as spiders’ thread, but 
be could never make them long enough to do any thing 
with them. 

Ductility q/’Spideri' See Web. 

DUNGEON, Dok JON, in Fortification, the highest part 
of a castle built after the ancient mode; serving as a watch- 
tower, or place of observation; and also for tho retreat of 
a garrison, in case of necessity, so that they may capitulate 
with greater advantage. 

DUNN (Samuel), was a native of Crediion, in De¬ 
vonshire, where he kept a mathematical school for several 
years; but afterwards removed to Chelsea, where he long 
kept an academy. He was a person well skilled in nauti¬ 
cal calculations, and was a good practical astronomer, 
being employed as mathematical examiner for the East- 
India service. Besides several papers of bis inserted io tho 
Philos. Trans, be was also the author of some separate 


works on practical branches of mathematics; and he pub¬ 
lished a folio Atlas, which has been held in some eslima- 
tioii. Mr. Dunn died in good circumstances, and be- 
qucallied an estate of about 30/, a year, to support a ma¬ 
thematical school in his naiivif town, the first master to 
which was appointed in 1793. 

DUODECIMALS, a kind of multiplication in arith¬ 
metic, by which artificers square their dimensions, that is, 
multiply them together, to obtain the contents of iheir 
works,in square feel, indies, and parts. The method is, to 
multiply the feet and inches in the one dimension, by each 
of those in the other separately, in so many lines, the like 
names set under each other, feet under IccI, and inches 


under inches, and then adding their like parts together, as 
here uniie.xcd; first multiplying 14f. 9inc. | 4 f^ 
by the 4t. and then hy the 6 inc. observing 4 (,• 
to carry 1 for every 12 , from one denoiui- —rrj —— 
nation to the other. Or, instead of multi- ^ ® 

plying by the (> inches, or half a foot, it is __ 

better to take half the upper line, or divide 4^ 

it by 2. The sum of the products is 66 f. 4tinc. for the 
content. But it is to be noted, that though the 66 are 
square feet, yet the 44inc, are not square inches, but 4 ^ 
parts, in 12 , of a square foot, or 4^ twelfth-parts of a 
fool, that is, 4i parallelograms, each of I foot long and 
1 inch broad. See the article DuoJeesma/ AaiTiiMETiC; 
as also Cross Multiplication, and most books 011 Arith¬ 


metic or Mensuration. 


DUPLE, or Double R/iiio, is that in which the ante¬ 
cedent is double the consequent; or w here the exponent 
of (he ratio is 2. 'fhiis, 6 to 3 is in a duple ratio. 

5u&-Duple Ratio, is that in which the consequent is 
double the antecedent; or in which (he exponent of the 
ratio is As in 3 to 6 , which is in subdupic ratio. 

DUPLICATE Ratio, is the square of a ratio, or the 
ratio of the squares of two quantities. Thus, the dupli¬ 
cate ratio of a to b; is the ratio of a^ to b*, or of tho square 
of a to the square of -In a series of geometrical propor¬ 
tionals, the ist term is to the 3d, in a duplicate ratio of 
the 1 st to the 2 <l,or os the square of the first to the square 
of the 2d: Thus, in the gcometricals 2, 4, 8 , 16, fee, the 
ratio of 2 to 8 , is the duplicate of that of 2 to 4. or as tho 
square of 2 to the square of 4, that is, as 4 to 16'. So that 
duplicate ratio is the ratio of the squares, ns triplicate ra¬ 
tio is the ratio of the cubes, &c. 


DUPLICATION, is the doubling of a quai^ity, or mul¬ 
tiplying it by 2, or adding it to itself. 

Duplication 0 /a Gibe, is finding out the side of a 
cube that shall be double in solidity to agiven cube: which 
is a celebrated problem, much cultivated by the ancient 
geometricians, about 2000 years ago. 

It was first proposed by the oracle of Apollo at Del- 
phos; which, being consulted about the manner of stop¬ 
ping a plague then raging at .Athens, returned for answer, 
that the plague should cease when Apollo’s altar, which 
was cubical, should be doubled. Upon this, (hey applied 
themselves in good earnest, to seek the dupHcature of the 
cube, which from thence was called the Delian problem. 

This problem cannot be effected geomctrically/as it re¬ 
quires the solution of a cubic equation, or requires the 
finding of two mean proportionals, viz, between the side of 
the given cube and the double of the same, tho first of 
which two mean proportionals is the side of the double 
cube, as was first observed by Hippocrates of Chios. For, 


D U R ' 


D Y P 


[ 439 3 


let u be the side of the giveu cube, and z the side of the 
double cube sought; then it or a* : t* : : r : 

2 u; so that, if <1 and z be the 1st and 2ci terms of a set of 
continued/ proportional, tlioiu^^ : is tlie ratio of the 

square of the tst to the square of the 2d, which, it is 
known, is the same as the ratio of the 1st term to the 3d, 
or of the 2d to (he 4th, that is of z to Qa; therefore, z 
being the 2d term, 2a will be the 4th. So that t, tlic side 
of the cube sought, is the 2d of four terms in continued pro¬ 
portion, the Island 4th. being a and 2a, that is, the side of 
the double cube is the first of two mean proportionals bc« 
tween a and 2a. 

Eutocius, in his Commentaries on Archimedes, gives se¬ 
veral ways of performing this by the mesolabe. i n Pappus 
too are found throe diS’erent ways; the first according to 
Archimedes, the second according to Hero, and the 3cl by 
an instrument invented by Pappus, which gives all the 
proportions required. The Sieur dc Coiniers has also pub¬ 
lished a demonstration of the same problem, by means of 
a compass with three legs. But all tnese methods are only 
mechanical. See Valerius Maximus, lib. 8; also £u- 
tocius's Comm, on lib. 2. Archimedi>$ dc Sphaera et Cy- 
Hndro; and Pappus, lib. 3, prop. 5, and lib. 4, prop. 22, 

DUREll (Albert), descended of an Hungarian fa¬ 
mily, but born at Nuremberg, irt 147was one of the best 
engravers, painters, and practical geometricians of his age. 
He was at the same time a man of letters and a philoso* 
pber; and he was an intimate friend of Erasmus, who re¬ 
vised some of the pieces which he published. He was also 
a man of business, and for many years the leading magis¬ 
trate of Nuremberg. 

Though not the inventor, he was one of the first and 
greatest improves of the art of engraving. He was how¬ 
ever the inventor of cutting in wood, which he devised and 
practised in great perfeetton, using this way for expedi¬ 
tion, as he had a multitude of designs to execute; and as 
his work was usually done in the most exquisite manner, 
his pieces took him up much time. For in many of those 
prints which he executed on copper, the engraving is ele¬ 
gant to a high degree. His HcIbSccne in particular, en¬ 
graven in the year 1513, is as highly finished a pVint as .r 
ever was engraved, and as happily executed. In his 
wooden prints too it is surprising to see so much meaning 
in so early a master, in fact, Durer was a man of a very 
extensive genius. His pictures were excellent; as well as 
his prints, which were very numerous. They were much 
admired, from the first, and soon bought up; which put 
bis wife, who tvas another Xantippe, on urging him to 
spend more time upon engraving than he was inclined to 
do: for he was rich; and chose rather to practise his art 
as an amusement, than qs a business. He died at Nu¬ 
remberg, in 1528, lit 57 years of age. 

Albert Purer wrote several 0noks, in the German lan¬ 
guage, which were translated into Latin by other persons, 
and published after brs death: viz, 


J. His book upon the rules of painting, entitled, Dc 
Symmetria Partium in rcciis formis llumanoruin Corpo- 
rum, is one of tliein: printed in folio, at Nuremberg, in 
1532, and at Paris in i557- An Italian version also was 
published at Venice, in 1591. 

2. Institutiones Geoinetricai; Paris 1532. 

3. Dc Urbibus, Arcibus, Castcllisquc condendis et mu- 
niendi?; Paris 1531. 

4. De Varietatc Figurarum, <t Flexuris Partium, et 
Gestibus Imaginum; Nuremberg 1534. 

'l*he figures in these books, wluch arc from wooden 
plates, arc very numerous, and must admirably well exe¬ 
cuted, indeed far beyond any thing of the kind done in our 
own days. Some of them also arc of a very large size, as 
much as 1C inches in length, and of a proportional breadth, 
which being exquisitely worked, must have cost great la¬ 
bour. His geometry is chiefly of the practical kind, con¬ 
sisting of the most curious descriptions, inscriptions, and 
circumscriptions of geometrical lines, planes, and solids. 
\Vc here meet, for the first time, with the phinc figures, 
which folded up make (ho five regular or platonic bodies, 
as well as that cunous construction of a pentagon, being 
the last method in prob. 23 of my Mensuration. 

DYE, in Architecture, the trunk of the pedestal, or that 
part between the base and the cornice, being so called, be¬ 
cause it is often made in (he form of a dye or cube. 

DYNAMICS, is the science of moving powers; more 
particularJy of the motion of bodies that mutually act on 
each other. Sec Mechanics, Motion, Communica¬ 
tion 0 / Motion^ Oscillation, Percussion, 6cc; also 
roy Course of Mathematics, vol. 2; besides the Mc- 
canique Philosophiquc of Prony, the Mccanique Analy- 
tiqttc of Lagrange, and the Mccanique Celeste of Laplace. 

DYNOMETER is the name of an instrument intended 
for measuring the muscular strength of men and other 
animals. Mr. Graham, many years ago, invented an in¬ 
strument for this purpose, which was afterwards improved 
by Dr. Desaguliers; but it was still too bulky and limited 
in its operations, to be of much use. The defect of this 
machine induced M. Leroy, of the Academy of Sciences 
at Palis, to construct another on more simple principles, 
and which was certainly more useful for the purpose it was 
designed for, than Mr. Graham's. The principle of this 
instrument was not much unlike that of the common 
spring steelyard, and perhaps it would hWvc been still 
better, had its principles been exactly the same; for with 
this last-mentioned instrument, It is evident that the 
power of an animal may be as accurately ascertained as 
the weight of a body, and nothing more simple can well 
be devised. 

DVPTERE, or Diptebe, was a kind of temple, encom¬ 
passed round with a double row of columns; and the 
pseudo-diptcre, or false dipterc, was the same, only this 
was encompassed with a single row of Columns, instead of 
a double one. 
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“pAGLE, Aifuiln, is a constellation of the northern Iic- 
misphcrc, having its right wing Contiguous to the cqoi- 
*^^ctial. For the stars in this constellation^ see AguiLA. 

EAlVril, 7Vfr/4,in Natural Philosophy, one of the four 
elements of (he ancieiUs; for, acconiing to their system, 
all bodies were considered as resolvable into four simple 
elements, or constituent parts, namely, air, fire, water, 
and cartli. The two former were avowedly almost un¬ 
known ; most liquids were supposed to be modifications 
of Uic third, and the solid particles of bodies were at¬ 
tributed to the last. Earth in this extended sense was 
defined, a simple, dry, and cold substance; and as such, 
an ingredient that entered into the composition of all nu- 
turnl bodies. Modern chemists, though tlicy have n*- 
tained the term in a much more restricted sense, have yet 
included under it a suilicieutly heterogeneous assemblage 
of bodies, ninny ofwhich may be more properly considered 
as belonging to the class of^alkalies. 

The earths at present known, are nine in number; 
namely, Silex, Zircon, Alumine, (Jlyciiie, Yttria, Bary 
ti'S, Strontian, Lime, and Magnesia. And when they arc 
purified by art from all foreign mixture, they agree in the 
following propcriij'S : 1. They arc of a snow-white colour. 
2. They are infusible by a very intense heat. 3. They 
arc not reducible to the itiotallic state by being heated in 
contact with combustible matter. Of those nine earths, 
however, the last four have all the properties of alkalies; 
whence they arc sometimes called alkaline earths; and 
many chemists.arc of opinion that the term earth ought 
only to be applied to the five former, by which arrange* 
ment the two classes of earths and alkalies would admit 
of distinct chemical dofinitions, which at present is wanted^ 

Earth, in Geography, the terraqueous globe or ball 
which we inhabit, consisting of land and sea. 

Figure qf the Earth. The ancients had various opi¬ 
nions as to the figure of the earth ; some, as Anaximan¬ 
der and Leucippus, held it cylindrical, or in form of a 
drum; but the principal opinion was, that it was flat; 
that the visibly horizon was the bounds of the earth, and 
the oegan the bounds of the horizon ; that the heavens 
and earth above this ocean constituted the universe; and 
that all beneath the ocean was Hades: and of this same 
opinion were also some of the Christian fathers; asLac- 
tantius, St. Augustine, &c. Sec Lactan. lib. 3, cap. 24 ; 
St. Aug. lib, lo, dc Civitatc Dei; Aristot. deCcelo, lib. 
2, cap. IS. 

Such of the ancients however os understood any thing 
of astronomy, and especially the doctrine of eclipses, 
must have been acquainted with the round figure of the 
earth ; as the ancient Babylonian astronomers, who had 
calculated eclipses long before the time of Alexander, and 
Thales the Grecian, who predicted an eclipse of the sun. 

That the exterior of the earth is round, or rotund, is 
manifest to the most common perception, in the ease of a 
ship sailing either from the land, or towards it; for when 
a person sUinds upon the shore, and sees a ship sail from 
the land, out to sea; at first he loses sight of the bull and 
lower parts of the ship, next the rigging and middle parts, 
and lastly of the tops of the masts Ibcmsclvcs, in every 
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ease the rotundity of the sea between the ship and the 
eye being very visible: the contrary happens when a ship 
sails, towards us; we first see the tops of the masts appeal 
just over the rotundity of the sea ; next we perccise the 
rigging, and lastly the hull of the ship itself: all which 
is Well illustrated by the following figure. 



The round figure of the earth is also evident from the 
eclipses of the sun and moon; fur in all eclipses of the 
moon, which arc caused by the moon passing through 
the earth’s shadow, that shadow always appears circular 
upon the face of the' moon, whatever way it be projected, 
whether cast, west, north, or south, and hoVever its dia* 
meter vary, according to the greater or less distance from 
the earth. lienee it follows, that the shadow of the 
earth, in all situations, is really conical; and consequently 
the body that projects it, i. e. the earth, is at least nearly 
spherical. 

The spherical figure of the earth is also evinced from 
the rising and setting of the sun, moon, and stars; all 
which happen sooner to those who live to the east, and 
later lo those living wesiwardly; and that moreorlcssso, 
according lo the distance. 

So also, in sailing to the northward, the north pole and 
northern stars become more elevated, and the south pole 
and southern stars more depressed; the elevation northerly 
increasing equally with the depression southerly; and 
each of them proportionibly to the distance; and the 
same thing happens in going to the southward ; that is, in 
this ease the south pole is elevated, and the north pole de¬ 
pressed. Besides, the oblique ascensions, dcsccnsions, 
emersions, and amplitudes of the rising and setting of the 
sun and stars in every latitude, are agreeable to the 
supposition of the earth's being of a spherical form: all 
which could not happen if it was of any other figure. 

But the most convincing proof of the spherical figure of 
the earth, and which bids defiance to every objection, is, 
that many celebrated navigators have sailed round it, pro¬ 
ceeding in a certain direction, 'and by constantly pur¬ 
suing the same course, have finally orrived at the port 
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whence they departed. The first who succeeded in this 
daring allempl, was Terd. M;igcllan, a Portuguese, in the 
year 1519, who c<»nipleled his lour iu 1124 days. 
Iti the year 1557 Francis Drake perlornied the same in 
1056 days: in the year 15S6, Sir'I ho-CiivencJish made 
the same voyage in 777 days; Simon C^irdes, of Roiu r^ 
dam, in ihe year 1590; and iu the year 1598, Oliver 
Noort, a Hollamicr, in 1077 days ; \'au Selioulen, in t|ie 
yearl6l5, in 749 days; Jac. Hercmites atni Joli. Huy¬ 
gens, in the year l6'i3, in 802 days: ami many others 
have 5>ince performed the same navigation, pufticularly 
Arison. Boug;iiuvi)le,and Cook ; sometimes sailing roumi 
by the easUsanl, sometimes to the westward, till at 
length they arrived again in Europe, whence they set out; 
and in llie ctmi-se of their voyage, observed that all the 
phenomena, both of the heaven^ and earlli, corresponded 
t<i, and evinced this sjiherical figure. 

The globular figure of the earth is nUo inferred from the 
operation of levelling, in which it is found necessary Xo 
make an allowance for the difference between the apparent 
and the true level. 

The natural cause of this sphericity of the globe is, ac¬ 
cording to Sir Isaac Newton, the great principle of at¬ 
traction, which the Creator has stamped on all the matter 
in (he univcnc ; and by which all bodies, and all the* 
piuls of bodies, mutually attract one anotlicr.—And the 
same is the cause of the sphericity of the drops of ruin, 
quicksilver, &c. 

What the earth losc^ of its sphericity by mountains and 
valleys, is nothing considerable; the highest eminence 
being scarce equivalent to the minutest protuberance on 
the surface of an orange. Its ditlercncc from u perfect 
sphere, however, is more roniudcrublc in another respect, 
by which it appr<»acJics nearly to the shape of an orange, 
or to an oblate spheroid, being a little flailed at the poles, 
and raised about the equatorial parts, so that the axis 
from poh» to pole is lc%s than (he iquatorial diameter. 
What gave the first occasion to the discovery of this figure 
of the earth, wav the observations of some French ami 
English philosophers in the East Indies, and other parts, 
who found that pendulums performed their vibrations 
slower, the nearer (lioycamelo the equator; whence it 
follows, that the yclocriy of (he descent of bo<lics by gra¬ 
vity, is less in countries nearer to the equator; ami con¬ 
sequently that those parts are farther removed from the 
centre of the earth, or from the common centre of gra¬ 
vity. See the History of the Royal Academy of Sciences, 
by Du Hamel, p. 110. 156, 206; and Hist, dc TAcad. 
Roy.l700and 1701. This circumstance put Huygens and 
Newton upon finding out the cause, which they altrf- 
buted to the revolution of the earth about its axis. If 
the earth were in a fluid state, its rotation round its axis 
would necessarily make it put on such a figure, because 
the ceiitrifugHl force being greatest towards the equator, 
the fluid wouhi there rise and swell most; and that ils 
figure really should be so now, seems ucces^ry, to keep 
the sea in the equinoctial regions from overflowing the 
earth about those parts. Sec this curious subject well 
handled by Huygens, in his discourse Dc Causa Gravi* 
tatis, pa. 154, where he states the ratio of the jiolar dia¬ 
meter to that of the equator, as 577 to 57B. And New* 
ton, in bis Principia, first published in l686, demonstrates, 
from the theory of gravity, that (bo figure of the earth 
must be that of an oblate spheroid generated by the ro¬ 
tation of an ellipse about its shortest diameter, provided 
VOL. I. 


all (lic parts of (he carlh were of an uniform di n^iy 
throughout, and that the proportion of tlic polar to th** 
equaiorial diameter of the carlh, would be that or6S9 
to 692 , or nearly that of 229 230, or as *9956522 to 1. 

This proportion of the two diameters was calculated by 
Newton in the following manner. Having fmind that the 
centrifugal force at the equator is gravity, ho 

aysumcH, as an hypothesis, that (he axisofthe earth is to 
the diameter of the equator as 100 to 101, and thence de¬ 
termines what must be the centrifugal force at the equator 
to give the earth such a form, and finds it to be 
gravity : then, by the rule of proportion, if a rentnjugal 
force equal to y^ths of gravity would make the earth 
higher at the equator than at the poles by ‘d 

whole height at the poles, a centrifugal force (hat is tin 
yyyth of gravity w ill make it higher by a propf>rliuna! ( n- 
cc^s, which by calculation is yyyth of the luight at die 
poles; and thus he discovered that the diameter nt the 
equator is to the diameter at the poles, or the axis, as 
230 to 229- But this computation supposes thceardi to 
be every where of a uniform density ; whereas if thccurth 
is more dense near the centre, then bodies at the poles will 
be more attracted by (his additional mutter being nearer ; 
and therefore the excess of the scmi-Hiaineter of the e(|ua- 
tur above the semi-axis, will be different. According to 
this proportion between the two diameters, Newton fartlier 
computes, from (he different measures of u degree, that 
tbc equatorial diameter will exceed the polar, by 34f milc?<. 

Nevertheless, Messrs. Cassini, both fallierand son, (lie 
one in 1701, and the other in 1713, ainniptcMl to provi\ 
in the Memoirs of (he Royal Academy of Sciences, that 
the earth was an oblong spheroid ; and in 17 I 8, M. Cas¬ 
sini again undertook, Irom obverfa)ions, to show that.*on 
the contrary, thelongcst diameter passed through the poli-s; 
which gave occasion for John Bernoulli, in his Essai d*unc 
Nonvcllc Physique Celeste, printed at Paris in 1735, to 
triumph over the British philosopher, apprehending that 
these observations would invalidate w hut Newton had ilv- 
monstrated. And in 1720 , M. Dc Muimn advanced ar¬ 
guments, supposed to be strengthened by geometrical di*- 
inonstrations, further tp confirm the assertions of Cussini. 
But in 1735 two companies of inutliematicians were em¬ 
ployed, one for a northern, uinl unotlier for a southern 
expedition, the result of whose observations and measure¬ 
ment plainly proved that the earth was flatted at xlui poles; 
and soil has been considered aver since. Sec PreuEE^ 

The proportion of (he equatorial diameter to the polar, 
os stated by the gentlemen employed on the northern ex¬ 
pedition for measuring a degree of the meridian, is as 1 
to 0 9891 ; by the Spanish mathematicians as 266 to 265, 
or as I to 0 * 99624 ; by M. Bouguer as 179 to 178, or as 
1 to 0*99441. 

As to all conclusions however deduced from the length 
of pendqlumsin different places, it is to be observed that 
they p^icecd upon the supposition of the uniform density 
of the earth, which is a very improbable circumstance ; as 
justly observed by Dr. Hoi'sley in his letter to Captain 
Phipps:^* You finish your article,'Mic concludes, ** relating 
(o (be pendulum with saying, * that these observations 
give a figure of the carlh nearer to Sir Isaac Newtoii^s 
computation, than any others that hove hitherto been 
madeand then you state (he several figures given, as 
you imagine, by former observations, and by your owq. 
Now it is very (rue, that if (Ko meridians be ellipses, or 
if the figure of the earth be that of a spheroid general 
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ify tlii' of an ollip:>is, turning on its shorter axis, 

ihfe paiticulur tigufo, or ilxc cllipticity of the generating 
4'llijiM>, wliicli your obserxations give, is lu arer to n hat 
Sir I>a.ic Newton suys it slmulJ be, if the globe were 
boniogcneous, than any that can be ilcrivcd Iroin ffwiner 
ubscrvalujii'^. But ^et it is not \>hutyoii inniotno* laking 
the gain of the lamluluiii in iatiiinic 50' exactly as 
yoti state it, the dirterence betwten the c(|UHloTial and the 
polar diameter, is about as mucli less than fhc Newtonian 
con>j)Utation makes it, and the liypothesis ol homogeneity 
would require, as you reckon it in be greater. The pro* 
portion ot 212 to 21 I should indeed, according to your 
observations, be the |)/opoilion of the force that acts upon 
the pendulum at the poles, to the force acliiig upon it at 
the equator. But this is by no means the same with the 
proportion of the c<]mitnrial diameter to the polar. If the 
globe were homogeneous, the e(|uulorial diameter would 
f’xcced the polar by Iciigtii of the latter: and 

the polar lorce would also r\ct‘cd the equatorial by the 
like part. But if the difference belw^'cn the polar and 
e quatorial force be gnater than (which may be the 
case in an Ik terogcncoiis gltibe, hiuI seems to be the case 
in ours,) then the dillerence of the diameters should, ac* 
cording to thcoiy, be less than and vice versa. 

I conless this is by no means obvious at first sight; 
so far otherwise, that the mistake, which you have fallen 
into, was once very general. Many of the best mathe¬ 
maticians were misled by too implicit a reliance upon the 
authority of Newton, who had certainly conlimd his in¬ 
vestigations to the homogeneous spheroid, and had thought 
about the heterogeneous only in a louse and general w'ay* 
The late Mr. ClairiYut was the first who set the matter 
right, in his ch gant and subtle tieatise on the figure of 
the earth. That ti|ork Eas now been many years in the 
hands of mathematicians, among whom I imagine there 
arc none, w)io have considered the subject attentively^ 
that do not acquiesce in the authuffs conclusions. 

‘‘ In the sexond part of that treatise, it is proved, that 
putting P for the polar force, fl for the equatorial, S for 
the true cllipticiiy of the earth's figure, and i for the cl- 
lipticity of the homogcncoutsphcriod, then 

“ = 2fl —^ t therefore J = 2s — ^^ r 
n n ^ 

and therefore, according to your observation, 

This is the just conclusion fr(»m your observations of the 

pendulum, taking it for granted, that the meridians ore 

ellipses: ’which is an hypothesis, upon which all the 

re^onings of theory havdiitherto proceeded. But plausible 

as it may seem, I must say, that there is much reason from 

cxpcricncnt to call it in question. If it were true, the 

increment of the force which actuates the pendulum, 

as we approach the poles, should be as the square of ibc 

sine of the latitude: or, which is the aatne thing, the dc- 

crcmciit, as wc approach the equator, should be os ibe 

square of the cosine of the latitude. But whoever takes 

the pains to compare together such of the observations of 

Ibc pendulum in different latitudes, as seem to have been 

mode with th^ greatest care, will find that the increments 

and decrements do by no means follow these proportions; 

and in those which I have examined, I find a regularity 

in the deviation which little rescq)bles the mere error of 

observation. , The unavoidable conclusion is, that the true 

figure of the meridians is not elliptical. If ibe meridians 

are not ellipses, the difference of the diameters may indeed, 

or it may not, be proportional to the difference between 

the polar and the ^^natorial force; but it i$ quite an un* 


certainty, what relation subsists between the one quantity 
and llu* other; our v^hole theory, except so far as it re¬ 
lates to the homogeneous spheroid, is built upon falsa as- 
suiuptiom>, and there is no saying what figure of the earth 
any observations of the pendulum give." 

He then lays down th<* following table, which shows 
the different results ol observations inadt' in different lati¬ 
tudes; in which the first three columns contain the names 
oFthc several observers, the places of observation, and 
the latitude of each ; the 4lli eoliimn shows the quantity 
of P —n in <uch parts as If is lOOOOO, us tied need from 
comparing the Ivneth of the pendulum at each place of 
observation, with the lengih ol the equatorial |)enflulum 
ns determined by iM. Bouguer, upon (he supposition that 
the increments and decrements of force, hs the lutittida is 
increased or lowere<i, obserte the proportion wliich theory 
assigns. Only the 2d and the lust value ol P — IT arc con¬ 
cluded from comparisons with llie pendulum at Greenwich 
and Ht Lx>ndon, not hX the equator. 1 he5th column shows 
the vuluc of i corresponding to every value of P —11, ac¬ 
cording to Clairnut’s theorem: 


Ul>«cr«m. 

PUert. 

1 I^aiituHe*. 

p —n. 

t. 

Boiiguor 

Kquat<ir 

0° 

O' 


, 

Bouguer 

Porto Bello 

9 

34 

741-8 

rlj 

ttt 

IT? 

Green 

Otahcitee 

i7 

29 

563-2 

Bouguer 

San Diauingo 

1$ 

27 

59 1-0 

Abbe do la 7 
Cattle 3 

Cape of 7 
Good Hope 3 

33 

1 

55 

731-5 

• • • W 

Paris 

48 

50 

585-1 

ttt 

TT? 

The Acado-1 
micinns ( 

PcUo 

()() 

48 

565-9 

Cnpt. Phipps 

• • • • 

79 

50 

471-2 

t 

rrr 


By this tabic it appears, that the observations in the 
middle parts of the globe, setting aside the single one at 
the Cape, are as consistent as could reasonably be cx- 
pcxied ; and they represent the cllipticiiy of the earth at 
aboutBut when wc ’come within 10 degrecsof the 
equator, it should seem that the force of gravity suddenly 
becomes much less, and within the like distance of the 
poles much greater thnii it could be in such a spheroid.'' 

The following problem, communicated by Dr. Leather- 
land to Dr. Pemberton, and published by Mr. Robertson, 
serves for finding the proportion between the axis and the 
equatorial diameter, from measures taken of a degree of 
the meridian in two different latitudes, supposing the earth 
an oblate spheroid. 



Let A pep be an ellipse^ repreaenting a section of the 
earth through th^ axis Tp ; the equatorial diomtsCcr, or 




EAR 


EAR 


[ 443 ] 


llic greater axis of the ellipse, being ao; let e and r be 
two plac(^ where the measure of a degree has been taken j 
these measures are proporrioiial to the radii of coi vaiurc 
in the ellipse at those places ; and if cq, cr be conjugates 
to the diamdtej*s whose vertices are E and F, CQ will be to 
ca in the subtri|)lic<ite ratio of the radius of curvature at 
E, to that ni Ff by Cor, I, prop.4. part 6* of MilntVs 
Conic Sections^ and tbenfore in a given ratio to one ano¬ 
ther; also the angles gcp> Rcr are tlic latitudes ol e and 
r ; so that, dra>Ying qv parallel to r/>, and qxyw to ao, 
these angles being given, as well as the ratio ol eg to CR, 
the rectilinear figure cvqxy is given in species ; and the 
ratio of vc*— zc* (= gx * xw) to — qv* (=; ux x 
xs) is given, w hich is the rado of ca -locp"; therefore 
the ratio of ca to CP is given. 

Hence, if the sine and cosine of the greater latitude, 
be each augmented in the subtriplicatc ratio of tlie mea¬ 
sure of tlic degree in the greater latitude, to that in the 
lesser, then the dilTercncObOr the squares of the augmented 
»ine, and the sine of the lessor latitude, will be to the 
difference of tla* squares of the cosine of the lesser lati¬ 
tude and the augmented cosine, in the duplicate ratio of 
the equatorial to the polar diameter. Porcf, being taken 
in eg equal to cn, and ^ drawn parallel to qv, C9 and 
cz and ZR will be the signs and cosines ofthercspec- 
.tive latitudes, to the same rotlius; and cv, vq will be the 
augmentations of cv and in the ratio named. 

Hence, to find the ratio between the two axes of the 
earth, let e denote the greater, and r the lesser of the 
two latitudes, u and n the respective measures taken 
in each; and let p denote 

♦ .M , f — r* * r ., Icwrsxis 

V—: thenv^-;- — -- is=— 

^ ^ r' •+• »in' z — un* w iircixcr 


It also appears by the above problem, that when one of 
the degrees measured, is at the equator, the cosine of the 
latitude of the other being augmented in the subtriplicatc 
ratio of the di^rces, the tangent of the latitude will be 
to the tangent answering to tl^ augmented cosine, in the 
ratio of the greater axis to the less. For supposing E the 
place out of the equator; then if the semt-circlc p/mnp be 
described, and Ic joined, and mo drawn parallel to ac: co 
is the cosineof the latitude to the radius cp, and CY that 
rosinc augmented in the ratio Ucfore*namcd; yq being to 
t/, that is cu to cn or cp, as the tangent of the angle ycq, 
the latitude of the point e, to the tangent of the angle yc/, 
belonging to the augmented cosine. Thus, if u represent the 
measure in a latitude denoted by a, and h the measure at 
the equator, let a denote ati angle whose measure is 

« > SI Uo. A . tmer ztU 

COS. EX?/—. Then- js =-r. 

^ H uti. B grcaiemif 

But M, or the length of a degree, obtained by actual 
mensuration in different latitudes, is known from the fol¬ 
lowing table: 


Namei. 

Uiit. 

Vftla« of M. 

Swanberg and assoc. 
Cassini and ) 

La Caillo J 

Boscovich 

DelaCaiilc - 
Bouguer and assoc. 7 
measur. at equator ( 

1 

66® 20' 
♦9 22' 
45 00 

43 00 

33 18 

00 0 

toUet. 

M =57209 
u = 57074 
M= 57050 

M = 56972 

M =57037 

u =56757 


# • ^ ^ ^ ^ M w m W •• • w •• • ••• ^ • • ♦ ♦ • 

or last, there are obtained 5 results, each showing the 


relation of the axes or diameters ; the arithmetical meant 
of all of which gives that ratio as I to 0-99G747. winch 
is the ratio of 308 to 307. But jf tlie last of the four rv 
suits be omitted, the niedium among tlje other four gi><' 
the ratio of 1 to 0*y9()876i or ol 320 to 319# which is 
probably nearest the truth. 

Now the magnitude, as well as the figure of the earth, 
that is the polar and equatorial diameters, muy be de¬ 
duced from tlie foregoing problem. For, as half the latu? 
rectum of the greater axis Aa is the radiUs of curvature 
at A, it is given in magnitude from the degree mea>ur<d 
there, and tbonce the a.xes themselves are gi\en. Thus, 
the circular arc whose length is equal to the radius bring 
57*29578 degrees, if this number be multiplied by 5(>757 
loiscs, tlic measure of a degree at the equator, the product 
will be the radius of curvature there, or half the latus 
rectum of the greater axis; and, this is to half the lesser 
axis in the ratio of the less axis to the greater, that is, as 
319 320; whence the two axes are 0524252 and 

6544704 toiscs, or 7926 English miles; and 

thedincrcnce between the two axes about 25 miles. See 
Robertson's Navigation, vol. 2, pa. 206 See aUo 

Suite des Mcm.derAcad. 1718, pa.247; and Maclauriii's 
Fluxions, vol. 2, book J, ch. 14. Also the later measure¬ 
ments of the French Institute, of Swanberg, of Colonel 
Mudge, &c, 

And nearly the same ratio is deduced from the lengths 
of pendulums vibrating in the same time, in different la¬ 
titudes; provided it be allowed that the meridians arc 
real ellipses, or the earth a true $|)heroid, which however 
can only take place in the case of an uniform gravity in 
all parts of the earth. 

1'hus, in the new Petersburg Acts, for the years 1788 
and 1789* are accounts and calculations of experiments 
relative to this subject, by M. KralTt. These experiments 
were made at different limes, and in various parts of the 
Russian empire. This gentleman ba$ collected and com¬ 
pared them, and drawn the proper conclusions from them: 
thus he infers that the length x of a pendulum that swings 
seconds in any given latitude A, and in a temperature of 
10 degrees of Ueaumur*$ thermometer, may bo determined 
by this equation: X s 439-178 -k 2*321 sine* A, lines of 
a French foot, or x 39*0045 0*206sine* A, in English 

inches, in the temperature of 53 of Fahrenheit's thermo 
meter. 

This expression nearly agrees, not only^with all the 
experiments made on the pendulum in Russia, but also 
with those of Mr. Graham in England, and those ofMr« 
Lyons in 79^ 50' north latitude, where he found its length 
to be 431*38 lines. It also shows the augmentation of 
gravity from the equator to the parallel of a given latitude 
A: for, puttingg for the gravity under the equator, o for 
that under the pole, and y for that under the latitude A, 
M.Krafft findsy = (!-♦- 0*0052848 sine* A)^; and there¬ 
fore G = l*0052848g. 

From this proportion of gravity under different lati¬ 
tudes, the same author infers that, in case the earth is a 
homogeneous ellipsoid, its oblutcness must he 7 -^; imtead 
of which ought to be the result of this hypothesis: 
but on the supposition that the earth is a heterogeneous 
ellipsoid, he finds its oblateness, os deduced from these 
experiments, to which agrees with that resulting 

from the measurement of some of the degrees of the meri¬ 
dian nearly. This confirms an observation of M. Laplacv, 
that, if the hypothesis of the earth's homogeneity be given 
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\jp, ilien llirory, the* iiuasuroniont of elegrccs of Itititudc, 
and vxperinKnIs with the pendulum, all agr<.*c in llieir re* 
suit wjtli ri'spect to the ohlatcncss of ilic earth* See Me- 
incires dc rAc;ul. 17S3, pa. 17» and liis iMer works. 

Id the Pliih*s*'IViins. for J791> pa. 236, Mr. Dalby lias 
j;iv< ii suim* calcul.un ns on measured degrees of the incri- 
riinn; nluijcr In* iolers, tJjut those degrees measured in 
middle latitudes, will answer nearly to an ellipsoid whose 
a.NC.sarcin the ratio assigned by Niwvlon, viz, that <»r 230 
to 229 . And as to the deviations of some of the others, 
viz, lowiiiils the poles and etpiator, he thinks they arc 
causcul by Okm ik rs in the observed lelrstia) arcs. 

On the sti()po.sition that ilie oartirs figure is that of an 
oblate Npliertnd, jt lius been stiown, Ist, 'I hat a decree of 
ilie eartl/s laiuutnr is llio hrst of two moan proportionals, 
between the bust and fust degrees of latitude. 2<l, If the 
ecjuutorial rliaim ter bi* to the polar axis, ns ISO to 175 >, 
the lilt, in \>bici> the degree of lal. is equal ton degree of 
the C(|uutor, will be o4 4S'24''. If the proportion be 230 
to 229> the lat Comes out 34^45' 31"* 3d, If the pro¬ 

portion be ISO tol79* tJie lat. wlien^ the <legree ol tlie 
meridian iso(|ual ii> a degree of :i circle whose dmnicleris 
equal to the earth's axis, will he 35^ 2 o' 30"; assuming 
the proportion 230 to 229i that lat. will be 35® 19 ' 25". 
(Horsley's lYacts, (>.394, &c.) 

M.Swanb^rg obst^ves, that occultations of the fixed 
stars by the moon is another method by which the figure 
of the earth may be det^nnined : and M. Treisnecker, after 
comparing a great niirnher of these occultations, concludes 
troni them tliat the c Ilipticity of the earth is 

'riic excellent mathematician and ustrotionier Laplace, 
in his Meennique Celeste, has calculated the ellipticity of 
the earth, from the ellect of precession and nutation, to 

iTf* which is nearly an arithmetical mean among 
those obtained from occultations of the stars, and the 
vibrations of the pendulum* The theory of the moon also 
gives for the ellipticity. 

'I he ))receiling ellipticities of the earth, e.xprcssed in 
parts of its equatorial tliametcr, with their authors, and 
the (irinciples from which they were derived, may bce.x* 
hibitedin om* view, as follows: 


Aiiiliors. 

ElUptitiliff. 

Pfincipbv. 

Huygens • 
Newton - 

9 

Muupcrtuis, &c. 

Swanberg 

Clairnul • 

Treisnecker. • 
I^plucc - 

rf. 1 

i TT W 

1 ifr 

{■ 'X 

Theory of gravity. 

Mctisurntioi) of arcs. 

Uotalory motion. 
Vibration of pendulum. 
Occult, uf bturs. 
Prt'Cesiiion aiui nutation. 
Theory of the moon. j 


'i'lic variety in tlic preceding results presents an in¬ 
teresting circumstance, ns it indicates something in the 
figure and conformation of the earth, which is nut yet un¬ 
derstood, and naturally gives rise to the following im 
portantand intricate questions, to which all the accumu¬ 
lated knowledge of the present times has not been able to 
obum coniploie solutions. Is the earth a spheroid of ru- 
^ Arc the northern and southern hcmisplicMcscquu- 
and similar to each other i What is the ratio of an arc of 
the meridiin, measured in a given latitude, to the whole 


meridian f It is perhaps no improbable conjecture, that 
tlx* effiCts of prcct-ssion and nutation, with the vibrations 
of the pendulum, will be foun<l among the iix^t accurate 
lncall^ of dcteriniiung, at least, 4he general outlines of 
our globe. 

'lacqiiet draws ximc j)lcasing inferences, in tlic form 
<>( p;irud<ixt$, from the round figure of tlic earth ; as, Isi, 
That if any part of the surface of the earth were quite 
plane, a man could no more walk upright ujion it, than 
on the side of a jnountain. 2d, l*liat the imveller s head 
goes a greater space than liis feet ; and u'liorH^man than a 
footman; as moving in a greater circle. 3d, 'I'hat a ves¬ 
sel, full of water, being raised perpendicularly, sdme of 
the water will be continually flowing out, yet thevcs>cl 
still remain full; aixlon the contrary, ifa vessel of water 
be let perpendicularly down, though nothing flow out, 
yet it will cease to be full: consequently there is more 


water contained in the same vessel at tite foot of a moun¬ 
tain, than on the top ; because J;he surface of the water is 
formed into a segment of a smaller splicre below than 
above. Tacq. Astron. lib. 1, cap.2. 

Cfianges of ike Earth. Mr. Boyle suspects that there 
arc great, though slow* internal changes, in the mass of the 
earth. He draws his arguments from the varieties observed 
in the change of tlic magnetic needle, and from the ob¬ 
served changes in the temperature of climates. But as to 
the latter, there is reason to suspect that he could not 
have diaries of the weather sufTicimt to direct his judge¬ 
ment. Boyle’s Works abr. vol. I, pu. 292, &c. 

Jilagncthm qf t/ir Eartii. 'I’lic notion of the mag¬ 
netism of the earth W'As started by Gilbert; and Boyle 
supposes magnetic effluvia moving from one pole to the 
other. his Works abr. vol. 1, pu. 285, 29 O. 

Dr. Knight also thinks timl the earth may be consirlered 
as u great loadstone, whose mugnotical parts aic disposed 
in a very irregular manner; and that the south pole of the 
earth is analogous to the north pole in magnets, that is, 
the pole by which the inagnctical stream \mtcrs. See 

Magsrt. 

lie observes also, that all the phenomena attending the 
direction of the needle, in different pans of ihe earth, 
in a grtut measure correspond with what happens to a 
needle, when placed on u large terrella ; if wemakea(- 
lowancos for the diOercnl dispositions of the magncticat 
parts, with respect to each other, and consider the south 
pole of the earth ns a north pole with regard to magnetism. 
The earth might become inagnctical by the iron ores it 
ronlanvs, for all iron ores arc capable of magnetism ; and 
that a groat part of the earth consists of iron is rendered 
probable by its great medium specific gravity, being 
nearly 5 limes that of water* It is true, the globe might 
notwithstanding have remained unmagnetical, unless some 
cause had e.xistcd capable of making that Tt*pellcnt mat¬ 
ter producing inugnetism move in a stream through the 
earth. 

Now the doctor thinks that such a cause does exist. 
F(’r if (he earth revolves round the sun in au ellipsis, and 
the south pole of the earth is directed towards the sun, at 
the time of its descent towards it, a stream of repellent 
mutter will ibence be made to enteral the south pole, and 
issue out at the north. And ho suggests, that the' earth 
being in its peribclton in winter may he one reason why 
magnetism is stronger in this svasoti than in summon 
The cause here assigned for the earth’s magnetisnysust 
continue, and perhaps improve it,.from year ttufvcar. 
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Hence Uic doctor iliiuks it prob.iblc, that ihe carlir^ mag¬ 
netism has been impn)\iiii» ever since tho creation, ami 
that this may br one ica>on why the use of the compass 
was not iiiscu^^ red sotmer. See Dr, Knight’s attempt to 
demonstrate, that all tlic phenomena iu nature may be 
explaine<l by Attraction nntl Urpulsion, prop. S/* 

/iftd Gjr^'>tituiion o/" the Kautii- 1 his lias 
been variuU'^ly <lelerminetl by diirereiu authors, bolli an¬ 
cient ami niodern. I'he usual way has been, to measure 
the length ol one degree of the meridian, ami multiply it 
by StiO, fur the whole circumference. See Diiokee. 
Diogenes Laerlius informs us, that Anaxinninder, a scholar 
of Thales, who lived about 550 years before the birth of 
Christ, was the first wht> gave an account of ilic circum¬ 
ference of the sea and laud ; and it seems Ids measure 
was used by succeeding mathcinaticians, till the tirni* <»l 
Eratosthenes. Aristotle, at the end of lib. *2 Dc Coelo, 
says, tlie mathematicians who have attempted to meu- 
surc the circuit of the earth, make it 40000 stadiums ; 
which it is tliought is the number determined by Anaxi¬ 
mander, 

Eratosthenes, wlm lived alioul 200 years before Christ* 
was the next who undertook this bu»ini*ss; which, as 
Cleoniedcs relates, he performed by taking the sun*s zenith 
distances, and measuring the distance between two places 
under the same meridian; by which he deducctl for the 
whole circuit about 250000 stadiums, which Pliny slates 
At 31500 Homan mile.s, reckoning each nt 1000 paces. 
But tiiis measure was considered to be false by many of 
the ancient inatheruaiicians, and particularly by Hippar¬ 
chus, who lived 100 years afterwards, and who added 
25000 stadiums to the circuit of Eratosthenes. 

Possidonius, in the time of Cicero and I'ompey the 
Great, ne.xt mc«isured the earth, viz, by moans of the al- 
Vtudes of a star, and measuring a part of a meridian; 
from wliich he cuncludi d that the circumference was 
240000 »t{idiums, acc<irding to Cleomedes, but only 


180000 according to Strabo. 

Ptolemy, in ids Geography, says that Marinus, a cele¬ 
brated geograplior, attempted something of the same kind; 
and in lib. 1, cap. 3, he mentions that he himself had tried 
to perform the same thing in a manner difTcrent from any 
olh(»rs before his time, which was by moans of placets un¬ 
der diflferent nieridiuns: but he does not say how much he 
made the number; for he still made use of the number 
180000, which had been before employed. 

Snellius relates, from the Araliian geographer Abel- 
fedea, who lived about the year IdOO^ that about the year 
SOU, Alinuimoii, an Arabian king, having collected to¬ 
gether some skilful mathematicians, commanded them to 
find out the circumference of the earth. Accordingly 
they made choice of the fields of M(*sopotamia, where 
they measured under the same meridian from north to 
south, till the pole was depressed one degree lower: which 
measure they found v<|uui to 56 miles, or 56}: so that 
according to thein tlic circuit of the earth is 20 l 60 or 
20S40 mill's. 

It was a long time after this, before any more attempts 
of this kind were made. At length, however, Snell, 
above mentioned, professor of mathematics at Leyden, 
about the year 1620 , with great skill and labour^ by mea¬ 
suring large distance# between two parallels, found one 
^legree equal to 28500 perches, each of which is 12 Rhiti- 
land amounting to 19 Dutch miles, and so the whole 
^ pvrqHp 6840 miles; a mile, being, according to him, 


1500 porclics, or 18000 Rhinlaiid fei't. See hib iixaftn 
called Erat >stl)( ues B.itavus. 

The iicNl that untJ<*it<>ok this measur<*inenf,was Hichurd 
Norwood, wliu in ihi* year 10J5, by iiieaNuring the dis¬ 
tance from Lojulun to \ ork with a chain, and taking the 
sun’s meridian aliitude, June 1 lih ohl stsle* with a sex¬ 
tant of about 5 feel ladius, found a d*-::roc contained 
SO'7200 feet, or (>9 miles and a half and 14 pedes; and 
thence the circumference ol a great circle of the earth is 
a little more than 25036 miles, and tlie diainetCT a little 
more than 7966 inilcd. See llic particular^ <4 this ima- 
surement in his Seamans Practice. 

The meaMiremcnt of the earth by Snell, though very 
ingenious and troublesome, and mucli more accurate than 
any of tin* nucieiUs, being still thought by some Trench 
muthcniaiicians Ijabic to certnin small errors, the busi¬ 
ness was leiKwved, alter Snells manner, by I'icard and 
other iiKitheniaticianb, by the king’s order; using a*qua¬ 
drant of;.JTnnch feet riiduis; and they thus fouml a ih‘- 
gree contained 342360 French feet. See Picard's trealise. 
La Mesiire do la ’IVrrc. 

M. Cassini theyoungiT, in the year 1700, by the king’s 
command aUo, renewed the biisini*ss with a quadrant of 
10 feet radius, for taking the latitude, and another of 3i 
feet for taking the anglers of the triangles; and found u 
desret', from hi> calculation, contained 57292 toisos, or 
almost (> 5 )^^ English miles. 

Several other measurements have been taken, the best 
of which are the following, with the corresponding mean 
scmidianieter unne.xed, in English miUs. 

Ulloa and Condamine • - 35157*7 miles. 

Cassini and Lacaillc - * 3957*1 

Lacaille • . • . 39547 

IJuscovich • - 3955*0 

Liesganig - - - - 3958*2 

General Roy - • - 3956*8 

Major Luinbton • - • 3956*5 

The medium among all these is nearly 3957 miles, 
which may he taken for the mean semidiameter of th 
earth. And supposing the solar paraltaciic angle to bo 
8 "- 6 , it will be, as sin. 8 "* 6 : radius : : 3957; 9^ millions 
of miles nearly, the earth’s distance from the sun. 

Hence the mean circumference is 24862 miles, which 
gives 69 * 1 ^ miles for the medium length of a degree of a 
great circle. 

See the results of many other measurements under the 
article Degree, und from the preceding part of the pre¬ 
sent article. From ihe mean of all which, the following 
dimensions may be taken as near the truth: 
the circumference - 4S62 miles, 

the diameter - - 27914 miU'S. 

the superficies • 1907579^^^^ s<[uarc miles, 

the solidity - 259523200000 cubic miles. 

Also the seas and unknown pans of the cxirtb. by a mea¬ 
surement of the best maps, coiitaiiri60522026 square 
miles, the inhabited parts 38922180; of which Europe 
contains 4456065; Asia, IO70S82S; Africa, 9654807; 
and America, 14110874. 

The terraqueous globe has two motions, besides that 
on which the precession of the equinoxes depends; tho 
one diurnal around its own axis in die space of 24 hours, 
which constitutes the natural day; the other annual, 
about the sun, in an elliplical orbit or track, in 365 days 
6 hours* constituting the year. From the former arise 
the divcnitics of day and night; and from the latUT, 
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the %Icissitu<K’5 vi s( as<jns, spring, summer, Autumn^ and 
WtwU'T. 

'1'Im* te»raquo<)U> glolx* is disliiiguislicd into throe parts 
ur r< gior>!?, vi/, I't, 1 In* external part or crust, being that 
fruni wliicli v« tables spring and anintals are nursed. 
2<l, 'Mm* middle, or intermediate |)ait, winch is ]>os>(ssed 
b\ IusmK, < \teiuling hiriner than human labour ever yet 
|)eni*ii ai<*d. 3ti, I Ih* internal or central part, which is 
utterly unkricnMi Co us, tlnnigh by many authors supposed 
of a magnetic nature; by others, a mass or splierc of fire; 
bs others, an abyss or collection of waters, surrounded by 
the strata of earth ; and by others, a hollow, e mpty space, 
iniiabited by animals, who have their sun, moon, planets, 
aiul other convi Tmuues within the same. But exhers di¬ 
vide the bod\ ot the slobe into two parts, ^i^, the external 
part, called the cortex, including the internal, w hich they 
call the nucleusj)eirig of a dith rt*nt nature from the former, 
and po^siH^ed l>y tin*, water, or more likely by a consid< r- 
able portion of metals, and pr<ibably mostly iron, as it lias 
been found, by cuy calculanon, that the moan density of 
the whole carlli is near d<iuh|e the density of common 
stone. See my determination of il, Philos, Trans. 1778, 
pa. 781 ; or my Tracts, vol. I, tiact 2G. 

The external part of the globe cither exhibits inequalU 
tics, as inouiitams and valleys; or it is plane and level; or 
hollowed into chafuiels, fis^u^es, &c, .where rivers, lakes, 
and scas^ (low* in all tlircctions. 'i'ltcsc inequalities in the 
face of tlic earth mo>t naturalists suppose have arisen from 
a rupture or subversion of it, by the force eitlicr of the 
subterraneous liics or w*aters. The earth, in its natural 
an<l original state, it has been supposed by Descartes, 
and after him, Burnet, Steno, Woadwar<l, Whiston, and 
others, was perfectly round, smooth, and equable; and 
they account for its present rude and irrt'gular form, prin* 
cipally from the groat <leluge. Sec Deluge. 

In the external, or cortical part of the earth, there ap¬ 
pear various strata, supposed the sediments of several 
floods ; the waters of w hich, being replete with matters of 
divers kinds, as they dried op, or oozed through, deposited 
these diflerem matters, which in time hardened into strata 
of stone, sand, coal, clay, kc. 

Dr. Woodward has considered the circumstances of 

f 

these strata with great attention, viz, their order, number, 
and situation with respect to the horizon, depth, inter- 
. sections, fissures, colour, consistence, &c. lie ascribes 
the origin and formation of them all, to the great flood, 
At that terrible revolution he supposes that all sorts 
of terrcMrial bodies had been dissolved and mixed with 
the waters, forming all together a chaos or confused mass. 
This mass of terrestrial panicles, intermixed with water, 
he conceives was at length precipitated to the bottom; 
and that generally according to the tinier of gravity, the 
heaviest sinking first, and the tightest afterwards; \fy 
which means the strata were formed of which the earth 
consists; which, attaining their solidity and hardness by 
degrees, have continued so ever since. These sediments, 
he further c<inclu<les, were ut first ail pnniUol and con- 
centrical; and the surface of the earth formed of them, 
perfectly smooth and regular; but that in course of time, 
divers changes arising, from earthquakes, volcanoes, &c, 
the order find regularity of the strata was disturbed and 
broken, and the surface of the earth 'by such means 
* brought to the irregular form in which it now appears* 

M. Dc BuffoD surmises that the earth, as well as the 
other planets, arc parts struck off from the body^of the 
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sun by the collision of cornet**; an<l that when the earth 
assumed its form, it ivas in a sihic of liquefaction by fire. 
But this cannot be grafUed; for if they were struck ofl 
from the body of the sun, fhey would move in orbiis that 
would alway!» pas^ tlirougb the sun, instead of having the 
sun (or their focus, or centre, as they arc now found Ig 
have ; so that having been struck off they would fall down 
into the sun again, terminating their career as it wore 
after one revolulion only. 

Besides the^o, varioun other hypotheses have been ad¬ 
vanced, all of them however more or less liable to ob¬ 
jections; as must always be the case with conclusions 
drawn from uncertain data. Wc may however particu¬ 
larize Dr. James Muttoii^s treatise, on this subject, as one 
deservjijg the most attention, and from winch much use¬ 
ful information may be derived. 

Ea KTif, in Astronomy, is one of the primary planets, 
according to the system of Copernicus, or Pythagoras; 
its astronomical chnractcr or mark being 0; but ac^ 
cording to the Ptolemaic hypothesis, it is the centre of 
the system. For, whether (he earth move or remain at 
rest, that is, whether it be flxed in the centre, having the 
sun, the heavens and stars moving rouinl it from east to 
west; or, thi*sc being at rest, whether the earth only 
moves from ivest to cast, is the great article that distin¬ 
guishes the PlolemHic system from the Copernican. 

Motion of the Earth. It has alrcatly been observed 
that, besides the small motion of the earth which causes 
the precession of the cquino.xes, the earth has two great 
and independent motions; viz, the one by which it turns 
round its own axis, in the space of 24 hours nearly, which 
causes the continual succession of day and night; and 
the other an absolute motion of its whole mass in a large 
orbit about the sun, having that luminary for its centre, 
so that its tixis keeps always parallel to iuclf, mclined in 
the same angle to its path, and by (hat means causing tbo 
vicissitudesofseasons, spring, summer, autumn, and winter. 

It is indeed true tliat, as to sense, the earth appears to 
be fixed in the centre, with the sun, stars and heavens 
moving round it everyday; and such, doubtless would 
be considered as the true nature of the motions in the first 
early ages of mankind, as they arc still by the rude and 
unlearned. But to a thinking amt learned mind, tbo 
contrary w*ill soon appear. 

Indeed there are traces of the knowledge of these mo¬ 
tions in the earliest age of the .sciences. Ciccru, in bis 
Tusc. Quccst. says that Nicetas of Syracuse first disco¬ 
vered that the earth had a diurnal motion, by which it 
revolved round its axis every 24 hours; and Plutarch, 
de Placit. Pht)osoph. informs us that Philnlnus discovered 
its annual motion round the sun; also .Aristarchus, about 
100 years after Philuhius, alludes to the motion of the 
earth in stronger and clearer terms, as wc arc assured by 
Archimedes, in his Arenarius. And (he same, we are 
further assured, WAS the opinion and doctrincof Pythagoras. 

But the religious opinions of the heathrn world pre¬ 
vented this doctrine from being more cultivated. Fori 
Arisbirchas being accused of sacrilege by Cleanihet for 
moving Vesta and (he tutelar deities of the universe out 
of their places, the phihisophers were obliged to dissemble, 
and seem to ndinquish so perilous a position. 

Many oges uftewards, Nic. CusanusTcvived (he ancient 
system, in his Doct. dc Pignorant, and asserted the mo* 
tion of the earth: but the doctrine gained 
ground till the time of Copernicus, who show 
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utility and advantages in astronomy; and who had 
diately all the philnso|)hi*r> and astronomers on his side, 
that dai'cd to Jiher hum the cro^^d, and were not ufiuid 
of ecclesiastical censure, whicl) was not less dangerous 
under (he Chiistian Jj^pensatiocu than it hail been under 
lhat of tlic heathen. Tor^ because certain parts of Scrip¬ 
ture make lucniion of the stability of the earth, and of the 
motion ol (ht* sun, as tlie rising un<l setting, the 

fathei's of^tUe church thought their religion required that 
they should defend, with ail its jiowiT, what they con¬ 
ceived to be its doctrines, and t<i censure and punish 
every attempt at inn<ivation on those points There is 
now however no doubt that in such instances the expres¬ 
sions aie only to be considered as accommodated to ap¬ 
pearances, and llie vulgar notions of things. 

By the diurnal rotation of the earth <in its axis, the 
same phenome na must take place as if it had no such 
motion, that is, as it the sun and stars revolved about it. 
For, turning round I rum west to east, causes the sun and 
all the visible heavins to have the appcanincc of moving 
the Contrary way, or from cast to s^est, as we daily see 
them, bo that, when in its rotation it has brought the 
sun or a star to appear just in the horizon in the east, 
they are then said to be rising; and ns the eaith continues 
to resolve more and more towards the cast, other stars 
seem to rise and advance westwards, passing the meridian 
'X)f the observer, when they are due south from him, and 
at their greatest altitude above his horizon ; after w*hich, 
by a continuance of the same motions, viz, of the earth's 
rotation eastwards, and (Ifc luminaries* apparent counter 
motion westwards, tliesc decliitr from the meridian, or 
south point, towards the west, where being arrived, they 
arc said to set and descend below it; and so on continue 
nlly from day to day; thus making it day while the sun is 
above the horizon, and night while he is below it. 

While the earth is thus revolving on its axis, it is at the 
same time carried by its proper motion in its orbit round 
the sun, as one of the planets, namely, between the orbits 
of Venus and Mars, having the orbitsof Venus and Mercury 
within its own, or between it and the sun, in the centre, and 
those of Mars, Jupiter, Saturn, &c, without or above it; 
which arc therefore called superior planets, anil the others 
^hc inferior ones; which is called the annual motion of 
the earth, because it is performed in aycar, of 365 days 6 
hours nearly; or rather 365 days 5 hours 49 minutes, 
from either equinox or solstice to the same again, which 
completes the tropical year; hut from any fixed star to 
the same again, us seen from tlie sun, iiv365 days 6 hours 
9 minutci, which is called the sidereal year. The figure 
of this orbit is elliptical, having the sun in one focus, tlic 
mean distance being about 95 millions of miles, which is 
upon the supposition that the sun's parallax is about 
or the angle under which the earth’s scmi-diamctcr would 
appear to an observer placed in the sun: and the cxccn- 
tricity of the orbit, or distance of the sun, in the focus, 
from the centre of this elliptic orbit, is about -ith of the 
mean distance. 

Now this annual motion is performed in such a man¬ 
ner, t hat the earth’s axis is every where parallel, or in the 
^me direction in every part of the orbit; by which means 
U happcQj, that at one time of the year the sun cnlightcos 
more of the north polar parts, and at the opposite season 
of the yezT more of the southern parts, thus showing all 
ibe varjelics of seasons, spring, summer, autumn and win* 
wj wwb may be illustrated in th9 following manner; 


Li‘t (he candle i (fig. 1, plate x) repri'seiit the sun, about 
>\hich (lie earth i, or r, &c, is moved in its elliptical or¬ 
bit i^&CD,or ccli])(ic, an<l cutting the equator abed in (he 
nodes £ and g : (hen, bu>pending the (erri lla by iU north 
pole, and moving ii^ ;>n sus|Miilvd, round the ecliptic, )ts 
axis will always be |)ariillel to its first position, and the 
various seasons ^mII be repn Milled at the ditf< rent parts 
of the patl). Thus, when the cart ft i^ at 03 or r, tlic en- 
ligh(cnc<i half of it includes the south pole* and haves the 
norili pole in <lurkness, making our vMiuer; at n it is 
t^pring, and the two poles are cquall v illuminated, and the 
days arc every whereof the same lengtij ; at ij or >:f it i> 
our summer, the nurlli polar parts being in the illuminated 
hemisphere, and the southern in the dark one; lastly, at 
F. it is autumn, the poles being equally illuminated again, 
and (he <la)s ofetjual hmgth every where. 

Eahtii. Its si’iutuity of ^luttCTy Dnisity^ and 
PoiL'trl 'riiougli (lie relative densities of (he earth and 
most of thi* other planets have been known a considerable 
tune, it is but very lately tliat we have come to the know¬ 
ledge of the absolute gravity or doti'^ity of tin* whole mass 
of the earth. This I have calculated and <leduccd from 
the observations made by Dr. Ma*^ki lync', (lute Astronomer 
Royal,) at the mountain Schehallien, in (In* years 1774,-5, 
and -6. 'I'he uttruction of that numntuin on u plummets 
being observed on both sides of it, und its niuss being com¬ 
puted from a number ol sections in all directions, and 
consisting of stone; thc>e data being then compared with 
the known attraction and magnitude of the earth, gave 
by propiWtion its mean density, which is to that of water 
nearly as 5 to 1, and to common stone as 2 to 1 : from 
which very considerable mean density, it nmy be presumed 
that the internal parts contain some great quantities of 
metals. 

From the density, thus found, its quantity of matter 
becomes known, being equal to the pniduct of its density 
by its magnitude. From various experiments too, we 
know that its attractive force, at the surface, is such, that 
bodies fall there through a space of l6^ feet in the first 
second of time: whence (he force at any other place, ei¬ 
ther within or without it, becomes known ; for tiie force 
at any part xvilhin it (supposing it e^cry where uniform) 
is directly as its distance from the centre; but the force 
of any part without it, reciprocally as the square of its 
distance from the centre* 

EAST, one of the cardinal points of the horizon, or of 
the compass, being the middle point of it between north 
and souUi, un that side where the sun rises, or the point 
in which it is intersected on that side by the prime vertical. 

EASTER, a feast of the church, held in memory of 
our Saviour’s resurrection. This feast has been annually 
celebrated ever since the time pf the apostles, and is one 
of the most considerable festivals in the Christian calendar; 
being that which regulates und determines the times of all 
the other moveable feasts. 

The rule for the celebration of easier, fixed by the 
council of Nice, in (he year 325, is, that it be hold on the 
Sunday which falls upon, or next after, (lie full moon 
which happens next after ibc 21bt of March; that is, the 
Sunday which falls upon, or next after the fizv»t full moon 
after the vernal equinox. The reason of which decree 
was,that the Christians might avoid celebrating their eastcr 
at the same time with the Jewish passover, which, ac¬ 
cording to the institution of Moses, was held the very dav 
of the full mcoD. ^ ^ 
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To find I',,\sTr.H according 


fo (he (Udy or Jut inn S(yU, 

Gof<J. 

PA5chal full 

Dvm. 

/n llir arinc'M'tl table. 
ibo golden number, wiih ihe 
<iay of the paschnl full moon. 

Num 

moon. 

Uiicr- 

16' 

March 21 

c 

and the Sunday letter annexed ; 

5 

22 

D 

compare this letter with the 


23 

t. 

dominical letter of the given 

13 

24 

r 

year, that it may a]>[iear how 

2 

25 

o 

many days are to be added to 


2() 

A 

ilic day of the paschal full 

10 

27 , 

B 

mf>on, to give easter-day. 


28 , 

C 

For Exdfnple. In the year 

18 

29 

D 

1715, the dominical Idler is n, 

7 

•lO 

£ 

and the goldiu number is 6, 


31 

r 

opposite to wtiich stands April 

15 

April I 

G 

10 for the day of the paschal 

4 

2 

A 

full moon ; opposite to which 


3 

B 

is the Sunday letter i;, which 

IQ 

4 

C 

happening to be tlic same with 

1 

5 

D 

that of the given year, that day 

1 

6' 

£ 

is a Sunday; and therefore 

9 

1 

7 

y 

1 

caster will fall 7 days after, 


8 

1 

G 

viz, on the 17th of A|)ril. 

17 

9 

A 

Hut in this computation, the 

6 

10 

B 

vernal equinox is supposed 


11 

C 

1 

fixed to the 21st of March; 

14 

12 

D 

and the cycle of 19 years, or 

3 

13 

E 

golden numbers, is supposed to 


14 

F 

point out the places of the new 

11 

15 

0 

and full moons exactly; both 


16' 

A 

which suppositions are errone* 

19 

J7 

n 

ous: so that the Julian caster 
never happens at its due time, 

8 

IS 

c 


unless by accident. For instance, in the above e.xamplc 
the vernal equinox fnllson the lOlli of March, eleven days 
before the rule supposes it; and the paschal full moon on 
the 7th of April, or 3 days earlier than was supposed: 
and therefore easlcr-day should be held on the 10th of 
April, instead of the I7th. 

This error had grown to such a height, that Pope Gre¬ 
gory the 13th thought it necessary to correct it; and ac¬ 
cordingly, in the year 1582, by the advice of Aloysius Li- 
lius and others, he ordered 10 days to be thrown out of 
October, to bring the vernal equinox back again to the 
21st of March : and hence arise the terms Gregorian ca¬ 
lendar, Gregorian year, &c. 

This correction however did not entirely remove the 
error; for the equinoxes and solstices still anticipate 28' 
20" in every 100 Gregorian year's; but the difference is so 
incoruidcrabtc as not to amount to a whole day, or 24 
hours, in less than 5082 Gregorian years. 

Thp Gregorian, or New Style, was not introduced into 
England till the year 1752, when eleven days were thrown 
out, viz, between the 3d and 14tb of September, the error 
amounting then to that quantity. 

To find Easter according to the New or Gregorian 
Style, till the Year 1.900 eiclusive. 

Look for the golden number of the year in the first co¬ 
lumn of the table, against which stands the day of the 
paschal full moon ; then look in the 3d column for the sun- 
day letter, next after the day of the full moon, and the 
day of the month standing against that Sunday letter is 
easter-day. When the full moon happens on a Sunday, 
then the next Sunday al^cr is caster-day. ’ 


For ETonipU. For the year 

- 

> 


1813, the gol<liu nnmbiT is 9; 

Gold. ^ 

PtMhtl full 

Suftd 

against winch stands April the 

1 Num 

rooun. 

Utter. 

15ih, and the next Sunday let¬ 

1 S 

i 



ter, which is c, below ilint, 

14 

March 21 

C 

stands opposite April 18, which 

3 

1 

22 

n 

is therefore the easter-day fur 

1 

1 

23 

E 

the year 18 l.l. 

1 i 

24 

F 

Though the Gregorian ca¬ 


25 

O 

lendar be much preferable to 

19 

26 

A 

the Julian, it is yet not without 

i 8 

27 

& 

its defects. It cannot, lor in¬ 


28 

C 

stance, keep the equinox al¬ 

1 16 

29 

l> 

ways fixci! on the V 1st of March, 

' 5 ' 

30 

E 

hut it will vary between the 

' 1 

31 

F 

19 th and the 23d. To which 

(3 

1 

April I 

0 

we may add, that tlie full moon 

2 , 

1 

2 

A 

happening on the 20tliof March, 


3 

B 

might sometimes be paschal; 

10 

4 

C 

yet it is not allowed as such in * 

1 

1 

5 

u 

the Gregorian computation; as 

J8 

6 

E 

on the contrary, the full moon 

7 

7 

r 

of the 22d of March may be 


8 

c 

allowed for i>aschal, which it is 

15 

9 

A 

not. Scaligcr and Calvisius 

4 

10 

B 

have also pointed out other in¬ 


11 

C 

accuracies in thiscalendar. An 

12 

1 

12 

l> 

excellent papehon this subject 

1 

13 

F 

by the Earl Macclestield, 


14 

F 

may be seen in the Philos. 

9 

15 

0 

Trans. voK40, pa. 417; or my 


16 

A 

Abridg. voK x, pa. 33. 

17 

17 

B 

Eastf.u Term. See Term, 

6 

18 

C 

EBBING and Flowing of 





the Sea. See Tides. 

ECCENTRIC. See Excentric. 

ECCENTRICITY. See Excevtricity. 

ECHO, a sound reflected, or reverberated from some 
body, and thence returned or repeated to the car.—For 
an echo to bo heard, the car must be in the line of reflec¬ 
tion ; that tin* person who made the sound, may hear the 
echo, it is necessary he should be in a perpendicular to 
the place which reflects It; and for a multiple or tautolo¬ 
gical echo, it is necessary that there should be a number 
of walls and vaults, rocks and cavities, either placed be¬ 
hind each other, or fronting each other. Those murmurs 
in the air, that arc occasioned by the discharge of great 
guns, &c, are a kind of indefinite echoes, and ate pro¬ 
duced from the vaporous particles suspended in the atmo¬ 
sphere, which resist the undulations of sound, and rever¬ 
berate them to the car. 

There can be no echo, unless the direct and reflex 
sounds follow one another at a sufficient distance of time; 
for if the reflex sound arrive at the ear before the impres¬ 
sion of the direct sound ceases, it will not be doubled, but 
only rendered more intense. Now if we allow that 9 or 10 
syllables can be pronounced in a second, in order to pre¬ 
serve the sounds articulate and distinct, there should be 
about the 9th part of a second between the times of their 
appulsc to the car; or, as sound flit's about 1142 feet in a 
' second, the said difference should be of 1143, or 227 
feet; and therefore every syllable will be reflected to the 
ear at the distance of about 70 feet from the reflecting 
body; but os, in the ordinary way of speaking, S or 4 syl¬ 
lables only are uttered in a second, the spcakci^^at he 
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may have ihcccho rcturacd as snon ns they are expressed, 
should stand about 500 feet front the retlecting body ; and 
so in pruportioit fur any other number of syllables, 
Morse line allows for a monosyllable the distance of 69 
feet; Morton, 90 feet; for u dissyllabic 103 ft'Ct, a trisyl¬ 
lable l6ofect,a tetrasyllable feet, and a pciitdSyllablc 
feet. Nat. Hist. Nortlianipton, cap. 3, pa.333. 

From uh.at has bcnui said, it folio us that ccliucs may be 
applied fur measuring inaccessible distances. 'Fhus, Mr. 
Dcrhani, standing on the banks of theThaiiu s, opposite to 
Woolwich, observed that the echo of a single sound was 
rejected back from the houses in 3 seconds; consequently 
the sum of the direct and retie\ ra^s must have been 1142 
X 3^3436 feet, and the half of it, 1713 feet, the breadth 
of the river in that place. 

It aUo fo)U»u5, that the echoing body being removed far¬ 
ther otf, it reliects more of the sound than when nearer; 
which is the reason why some echoes repeat but one syl¬ 
lable, or one word, and some many. Of these, some are 
tonica), which only return a voice when modulated ihto 
some particular musical tone; and others polysyllnbioa). 
That fine echo irt Woodstock park. Dr. Plot assures us, in 
thcduy-tiinc wall return very distinctly 17 syllables,and in 
(he night 20. Kat. Hist. Oxf. cup. I, pa. 7« 

Echoing bodies may be so contrived, and placed, as that 
rcilecting the sound from one to the other, a multiple echo, 
or many cclioes,shall arise.—At Uosneath, near Glasgow, 
in Scotland, there is an echo that repeats a tunc played 
with a trumpet three times completely ami distinctly.— 
At (he sepulchre of Metelln, wife of Crassus, there w*a$ an 
echo, which repeated whut a man said five times.—Some 
authors mciuioji a tower at C)2rcus, where the echo is 
rcpc'ated $c\cn times, and one at Brussels, that answers 15 
times. 

But the finest echo wc read of, is that mentioned by 
Barthius, in his imtos on Statius's Thebais, lib. 6, ver. 30, 
which repeated the words a man uttered 17 times. ,This 
was oil the bunks of the Naha, between CobletiU and Bin¬ 
gen. And whereas, in common echoes, the repoiition is 
not beard till some time after hearing the words spoken, or 
the notes sung ; in (his, the person who speaks, or sings, is 
scarce heard at all; but the repetition very clearly, and 
always in surprising vurictiea; the echo seeming some* 
times to approach nearer, and sometimes farther off; some¬ 
times the voice is heard very distinctly, and sometimes 
scarce at all: one person hears only one voice, and another 
several; one bears the echo on the right, and the other on 
the left, &c. 

Addison, and other travellers in Italy, mention an echo 
atSimonetta palace, near Milan, still more extraordinary, 
returniog the sound of a pistol 56 times. The echo is 
beard behind the house, which has two wings; the pistol 
is discharged from a window in one of these wings, the 
sound is returned from a dead w'all in the other wing, and 
beard from a window in the back-front. Sec A^dis. Tra¬ 
vels, pa. 32; Misson. Voyag. d'ltal. tom. 2, pa. 196; 
Philos. Trans. N® 480, pa. 220. 

Again, a multiple echo may be made, by so placing the 
echoing bodies, at unequal distances, as that they may re¬ 
flect all one way, and not one on the other; by which 
means, a manifold successive sound will be heard; one 
clap of the hands like many; one ha like a laughter; one 
single word like many of the same lone and accent; and so 
one musical inilrufucot like many of the same kind, iioi* 
tating each other. 

Voi, I. 
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Lastly, Echoing bodies may be so contrived, liiat fioin 
any one givm sound, they shall produce many ccho< s, 
ditlerent both as to tniu* and intension. By whicli mean* 
a musical room may be so contriwd, that not only one in¬ 
strumentplaying in it sliull bcein many of the same sort an<l 
si^e, but c\cn a concert of difterent ones; this may bc- 
cuiitri\c(i by placing certain echoing boilics at), as that 
any Jiole played, shall be returned by them in 3ds, 3ihs, 
aiul 8(I)S. 

Kciio is also used for the place where ilie n pctition of 
the sound is produced, or heard. Thi** is rither natural or 
artificial. 1 he place whore the spc.ikcr stands is called 
the centrum phonicum; and the object or place timt returns 
the voice, the centrum phonocampticuni. 

Echo, in Architecture, is applied to certain \aults and 
arclu’S, mostly of elliptical or parabolical figures; used to 
redouble sounds, and produce urtilicial echoes.—The nii- 
tliod of making them is taught by F. Blancani, in his £cho- 
nietria, at the end of his book on the Sphere. 

One of the finest echoes in England, is that commoiitv 
called the whispering-gallery, in the dome of St. PauFs, 
London; and another in Gloucester cathedral. See Wiiia- 
PERlKG-P/acer. 

Vitruvius tells us, that in divers parts of Greece and Italy 
there were brazen vessels, artfully ranged under the seats 
of the theatres, to render the sound of the actors* voices 
more clear, and make a kind of echo; by which means, 
every one of the prodigious multitude of persons, present at 
those spectacU*s, might hear with ease and phasurc. 

ECLIPSAKEON, an instrument invented by Mr. Fer¬ 
guson for showing tlie phenomena of eclipses; as to their 
time, quantity,duration, progress, &c. Ferguson’s Astron., 
or Philos. Trans, vol. 48, pa. 520. 

ECLIPSE, a privation of the light of one of the lumi¬ 
naries, by the interposition of some opaque body, cither 
between it and the cyt;, or between it and the sun. The 
ancients had terrible ideas of t^lipscs; supposing them pre¬ 
sages of some dreadful events. Plutarch assures us, that 
at Rome it was not allowed to talk publicly of any na¬ 
tural causes of eclipses; the popular o|union running so 
strongly in favour of their supernatural production, at 
least those of the moon; for as to those of the'sun, they 
had some idea that they were caused by the interposition 
of the moon between u$ and the sun ; but were at a loss 
for u body to interpose between us and the moon, which 
they thought must be the way, if the eclipses of the moon 
were produced by natural causes. They therefore made 
a great noise with bmzcffkinstruments, and set up loud 
shouts, during eclipses of the moon; thinking by that minins 
to ease her in labour: wikcnce Jnvenul, speaking of a 
talkative woman, snys, Una lubomnti jiolcritsuccurrcrc 
lunte/' Others attributed the eclipse o( the moon to rbe 
arts of magicians, who, by their enchantments, plucked her 
out of heaven, and made her skim over the grass. • 

The natives of Mexico keep fast during the lime of 
eclipses; and particularly their women, who bent and abuse 
themselves, drawing blood from their arms, &c; imagi¬ 
ning the moon has been wounded by the sun, in some quar¬ 
rel between (hem. 

The Chinese have an idea that eclipst's are occasioned 
by great dragons, who arc ready to dwour (he sun and 
moon; and therefore when they perceive an eclipse, they 
rattle drums and brass kettK'S, till they think the monster, 
terrified by the noise, lets go his prey. 

The superstitious notions ctklcrtaincd of eclipses, have 
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brpn soiix-timcs of consi<lprablc advantage, as was the case 
witb CliristoplicT Columbus, tlic discoverer of Ainenca, 
who, bt'iijg liiivcn on tlx* island of Jamaica in the year 
an<l distrsssed for want of provisions, was lefuscJ 
relief by (he native's; but having threatened them with a 
plnitue, at the same time foretelling an eclipse as a token 
ol it, winch happened according to his prediction, the bar¬ 
barians were so terrified, that they strove who should be 
the first in bringing him supplies, throwing them at his 
feet, iiinl imploring his forgivemt'ss, Uut the most striking 
circumstance of this kimi w as the prediction of an eclipse 
of tlie sun by 'I'hules. the gri-al father of iLstionotny, which 
happened, according to Mayer’s calculation, on the l/th of 
May, (>{>3 yr ars lu-fore Christ, at the moment that Cyax- 
ares king ol tlie Medcs, and Aliathos king of the Lydians, 
were pii piiring lor battle; but alarmed at the appearance 
of the i clip-e, they imnu diatoly laid down their arms, and 
iiegociatcil a peace; and thus ignorance, which is often so 
iujurioiis to tlie iia|>piiiess *>f man, may, in this instance, he 
sai<l to have largr ly contrihntcd towards it. 

Dtiruiion nf an Lci.ipsr, is (he time of its continuance, 
or the time between the immersion and emersion. 

Immersion, or Incidcme, of tin Ecni*sr, is the moment 
when the eclipse begins, or when part of the sun, moon, or 
planet first begins to bo obscured. 

Emersion, or Eipurgodon, of an Eci-ipsr, is the time 
when thcr'clipsod luminary begins to re-appear, oremerge 
out of the shadow. 

Simiititjf of an Ecmpsv:, is the part of tlie luminary 
eclipsed. To determine this part, it is usual to divide tl\c 
diameter of the luminary into 12 equal portions, called 
digits; whence the eclipse is said to be of so many digits, 
according to the number of them contained in that part of 
tlie diameter which is eclipsed or obscured. 

I’.cli))srs are divided, with respect to the luminary 
eclipsed, into Eclipses of the sun, of the moon, and of the sa- 
teilites; ami with respect to the circumstances, into total, 
puriiul, annular, central, iiQ. 

Annular Ecmpsp, is when the whole is eclipsed, except 
a ring, or annulus, which appears round the border or edge. 

Central KcLlPsp,,is one in which the centres of the two 
luminaries ami the earth come into the same right line. 

Partial I’^cLlpsc, is when only a part of the luminary is 
eclipsed. And a 

Total Fxlipse, is that in which the whole luminary is 
darkened. 

Eclipse qf the Moon, is a privation of the light of (ho 
moon, occasioned by. the iii(er|Fosition of the body of tho 
earth directly between the sun and moon, and so inter¬ 
cepting the sun’s rays tliht they cannot arrive at tbc moon, 
to illuniinate her. Or, (he obscuration of the moon may 
be considered as a section of the earth’s conical shadow, by 
the moon passing through some part of i(. 

'ISic manner of this eclipsi- is represented in this figure, 
where s is the sun, K the earth, and m or M the moon. 



Lunar eclipses only happen at the time of full moou; 
because it is only at that tune the earth is between the sun 


and moon: nor do (hey happen every full moon, because 
of the obliquity of the moon’s path with respect to the 
sun’s, or more properly the earth's; but only in such full 
moons as happen cither at the intersection of those two 
paths, called the moon’s nodes, or very near them; viz 
when the inocm’s latitude, or distance between the centres 
of the earth and moon, is less than the sum of the apparent 
semi-diameters of the moon and the earth’s shadow. 

The chief Circumstances in Lunar Eclipses arc the fol¬ 
lowing:—!. All lunar eclipses are universal, or visible in 
all parts of the earth which have the moon above their ho¬ 
rizon; and arc every wlicrc of the same magnitude, with 
the same begiiming and end.—2. In all lunar eclipses, the 
eastern side is what first immerges and emerges again, i.c. 
the left-hand side of the moon as we look towards her 
from the north; for the proper motion of the moon being 
swifter than that of the earth’s shadow, the moon ap¬ 
proaches it from (he west, overtakes and passes through it 
with the moon’s cast side foremost, leaving the shadow be¬ 
hind, to the westward.-—3. Total eclipses, and tliose of the 
long! St duration, happen in the very nodes of the ecliptic; 
because the section of the enrth’i shadow, then falling on 
the moon, is considerably larger than her disc. There 
may, however, be total eclipses within a small distance of 
the nodes; but their duration is the less as (hey are further 
from it; till they become only partial ones, and at last, none 
at all.—+. The moon, even in the middle of an eclipse, bns 
usually a faint appettrance of light, resembling tarnished 
copper; which CJassendus, Hicciolus, Kepler, Ace, attribute 
to the light of the sun, refracted by the earth’s atmo¬ 
sphere, and so transmitted thither.—Lastly. Sho becomes 
sensibly more dim and pale, before entering into the real 
shadow; owing to a penumbra which surrounds (hatsha¬ 
dow to some distance. 

/Istronomy qf Lunar Eclipses, or the method of calcu¬ 
lating their limes, places, magnitudes, and other pheno¬ 
mena. 'fhe 1st preliminaiy is to find the length of the 
earth’s conical shallow; which may be found cither from 
the distance between the earth and sun, and the proportion 
of their diunicters, or from the angle of the sun’s apparent 
magnitude at the time. Thus, suppose the seniinxis of the 
earth’s orbit 95.WOOOO miles, and the excentricity of 
the orbit 1,077000 miles, making the greatest distance 
96,.177000 miles, or 2419<( semidiainclcrs of the earth; 
and tbc sun’s scmidiameier being to the earth’s, ns IIS to 
1 ; then as ad : be dd : ec, that is, 111 1 : : 

2419+ : 218 scmidiamcicrs of the earth = sc the length 
of the earth’s shadow. Otherwise, suppose the angle 
ABS, or the sun’s apparent semidiameter be 15' 56", and 
the angle bab, or the sun’s parallax 8*6", Ih^n is their 
tiitfcrence, or the angle ace =s 15'47’4"; hence, as tang. 
15' 47'4": radius : : be or 1 : 218 nearly s= ck, the 
same distance as before. Hence, os the moon’s least dis¬ 
tance from (he earth is scarce 56 semidiameters, and the 
greatest not more than 64, the moon, when in opposition 
to the sun, in or near the nodes, will fall into the earth’s 
shadow, and will be eclipsed, as the length of thesbadotr 
is almost 4 times the moon’s distance, 

2. To fnd the apparent semidiaoKta- qf the earth’s shadow, 
in the place where the moon passes through it, at any 
given time. Add together the sun and moon’s parallaxes, 
and from the sum subtract the apparent semidiameter of 
the sun: so shall the remainder be the apparent semidia- 
meter of the shadow at the place of (be moon's passage. 
For example, the 28th of April I79O, at midnight, the 
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moon's parallax is 6l' 9^', to winch acid ^(y* or 9'^t for 
ihc sun's parallax, from the sum (>!' 18" tako LS^ 56", the 
bun's apparent semidiamctcr, and the remainder 43' 
is the semidiameter of the shadow at the jdacc where 
the moon jtasses through at that time. lUu some omit 
(he sun’s parallax, as of no consequence; ami increase 
(he apparent seintdiametor of the shadow by one whole 
minute, for the shadow of the atmosphere; which would 
give the seinidiameter of the shadow, in the case above, 
4G 13 ". 

3. There must also he had, (he true distamc of the 
moon from the node, at (he mean opposition; and the 
true time of the oppositi<in, w itli the true place of tlw* sun 
and moon, reduced to the ecliptic ; also the moon's (rue 
latitude at the time of the true opposition; tlic angle of 
the moon's way with the ecliptic, and the true horary mo- 
(ions of the sun and moon: from which all th<* circum¬ 
stances of her eclipse may be computed by common arith¬ 
metic and trigonometry. 

* To Constrvei an Eclipse of the Moon,—].ct tw be a 
part of the ecliptic, and c the centre of the earth’s 
shadow, through which draw perpendicular to Lw, the 
line CN towards‘the north, if the niooti have north lati¬ 
tude at the time of the eclipse, or cs southward, if she 
have south latitude. Make the angle ncd equal to the 
angle of the moon's way with the ecliptic, which may be 
always taken at 5^ 35', on an average, without sensible 
error; and bisect this angle by the right linccF; in which 
line it is that the true equal time of opposition of the sun 
and moon falU^ as given by the tables. 

From a convenient scale of equal parts, ix^proscnting 
minutes of a tiegree, 
take the moon's lati¬ 
tude at the true time 
of full moon, and set 
it froiti c to c, on 
the line cr; and 
through the* point g, 
atrjghlojighs to CD, 
draw the right line 
iiKGLi for the path 
of the moon’s centre. 

Then is l the point 
in thecarth'sshudow, 
where the moon’s 
centre is at the middle of the ccUpsc; o the poirjl where her 
centre is at the tabular time of her being full; and k the 
point whore her centre is at the instant of her ecliptic op¬ 
position : ^also 1 the moon’s centre at the moment of im¬ 
mersion, and If her centre at (he end or tho eclipse. 

With the moon’ssemidinmeter asa radius, and the points 
If 1^1 It, as centres, describe circles for the moon at the be¬ 
ginning, middle, and end of the eclipse. 

Finally, the length of the line of path in, measured on 
the Same scale, will vr>*e to determine the duration of the 
eclipse, vi2:, by saying, As the moon's horary motion from 
the sun as to in :: 1 hour or 00 min. to the whore dura¬ 
tion of the eclipse. 

To Compute n timer Eclipse. This will be very easy 
from the foregoing construction. For, Ist, in the triangle 
CCL, right-angled at l, there are .given the hypothenuse 
CG s the moon’s latitude at the time full moon, and 
the angle 0CL = thc half of 5® 35'; to.find the legs CL 
and LG.«-^di In the right-angled triangle ciil or ciL, are 
given the leg cl, and hypothenuse cu of ci, the sum of 
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the semidiameters of the moon and the earth’s sliadow; to 
Jiinl Lii or Li, halt the ditTerence of tlio sun’s and mooiTs 
iin>(ions during the time of tlic eclipse.—3d, As the dif¬ 
ference of the horary motions of the luminaries is to one 
hour, or 6o min. :: iiLto the semiduralion of the eclipse, 
and :: GL to the dirt'erence between ihe opposition and mi<l- 
dU‘ of the cchpse; this last therefore take n (rom the time 
of lull moon, gives the lime of the middle of theecli(>se; 
from which subtracting tbc time in Li, or scmiduralioii 
before lound, gi\cs the beginning <>| the eclipse; or add 
the same, anti it gives the end of it.—La^lj, tr<un ( oihe 
semidiameter of the shadow, take CL, aini (hercremuiu? 
LO ; to which add lp, the moon's seini<jiaihelr r, when ne¬ 
cessary, the sum of which is or the quantity eclip^^cd. 

NoUf When the moon's distance from the node exceeds 
12^, there cun be no eclipse of the mu(»n ; or, more accu¬ 
rately, the limit is from J0| to lijV degrees, according 
to the distances of the sun, carlli, and muon. 

Eclipse of the Sun^ is an occultation of the sun's body, 
occasioned by the interposition of tlic moon between the 
earth and sun. On which account it is by some consi¬ 
dered as an eclipse of the earth, since the light of the sun 
is hid Irom it by the moon, w hose shadow involves a part 
of tbc earth. 

. The manner of a solar eclipse is roprosented in this 
figure; where s is the sun, m the moon, and ci) (lie earth, 



rmso the moon’s conical shadow,, travilling over a part of 
the earth cod, and making n complete eclipse to all the 
inhabitants residing in that (rack, but no where (dsc; ex¬ 
cepting that for a large space around it there is a fainUT 
shade, included within all the space rcDi, which is colled 
the Penumbra. 

Hence, solar eclipses happen when the moon is in con-' 
junction with the sun, or at the new moon, and also in the 
nodes or near them, the limit being about 17 degrees on 
each side of it; and such eclipses only happen when the 
latitude of the moon, viewed from the earth, is less than 
the sum of the apparent semidiameters of the sun and 
moon; because the moon’s way is oblique to the ecliptic, 
or sun's path, making an angle of nearly 5^35' with iu 

In the nodes, when the moon has no visible latitude, 
the occultation is total; and with some continuance, when 
the disc of the moon in perigee appears greater than that 
of the sun in apogee, and its shadow* is extended beyond 
the surface of the earth; and without continuance at 
small distances when tbc cu^p, or point of the moon’s 
shadow', barely touches the earth. Uistly, out of thenodes, 
but near (hem, the cclipses.are p.irtial. 

The other circumstances of solar eclipses ore, 1. That 
none of them are universal; that is, none of them urcbeea 
throughout the whole hemisphere which the sun is then 
above; the moon's disc being too small and much too 
near (he earth, to hide the sun from its w hole disc. Com¬ 
monly the moon’s dark shadow covers only a spot on the 
earth's surface, about 180 miles broad when the sun's 
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oi>iaocc is greatest, an l the* mooi/s least. Rut her partial 
pcnuinbra, may then comt a cireulnr space of 
4900 niile> in diainete r, u itliin which the sun is more or 
h .‘S < clipsuil, as tin' places arc nearer u* or farther from the 
ctntt< uj thi^ sliadovv. In lhi^ ease Uieaxis of the shade 
passes thriJUgh the cuUre of the earth, or the new moon 
ha[>pens exactly in the node, anti then it is evident that (he 
scciion of the shadow i> circular ; hut in every other ease 
the ronicsU shadow is cut obli(|uoly by the surface ol tho 
eutlh, and (lie section is an oval, and very nearly a true 
ellipsis. 

Nor docs the eclipse appear the same in all parts of 
the eartli, where it is seen; but wlvn in one place it is 
total, in anotluT it is only jiartial. Tarthcr, when the 
moon appt'ars much less llian the sun, as is chiefly the 
case when she i^ in apogee and the sun in perigee, the 
vcrte.\ o( the lunar shatlow is then too short to reach the 
eartli; h>r though the moon be in a central conjunction 
sviih the snn at this time, yet she is not largo enough X** 
cover his w hole disc, but lets his liml) appear like a lucid 
ring or bracelet, and so causes an annular eclipse. 

3. A solar eclipse doc> nt>t happen at the same time, in 
all jilaccs wl;cre it is seen; but appears more early to the 
W'e>l(Tn parts, ami later to the eastern ; as the motion <if 
the muon, and conse(|ucnlly of her shadow*, ij> from west 
to ca^t. 

4. Ill most solar eclipses the moon's disc is covered 
with a faint liglit; w hich is attributed to the reflexion of 
tlie light from the illuminated part of the earth. 

Lastly, In total eclipses of the sun, the moon's limb is 
seen surroundeti by a |>alc circle of light; which some 
astronomers consider jis an indication of a lunar atmo* 
splicrc ; but others as thcutmospherc of the stm, because 
it has been observed to move equally with the sun, and 
not wiih the moon; and besides, it js generally believed 
that the moon is w ithout any utmosphcMC, unless it be one 
that is very small, and very rare; )vhich latter supposi¬ 
tion may now beconsiilcred ns a fact well established, being 
confirmed by a vast number of attentive observations* 

To deiermn^ the Bounds qf a Holnr Ken the. If the 
moon's parallax wore inconsiderable, the bounds of a solar 
eclipse w ould be determined in the same manner as (hose 
of a lunar; hut as it has a sensible porallax, the method 
of proceeding is a {idle diflerent, vi;^. 

1. Add together the apparent semidinmeters of'the lu¬ 
minaries, both in apiigec and perigee ;‘"which gives 33' 0" 
for the greatest sum o( iheip, and 30' 31" for the h ostsum, 

2. Since the parallax diminishes the norihern latitude 
and augments the son them, therefore let the greatest pa¬ 
rallax in latitude be added to tho former sums, and also 
subtracted from them : thus in each case there will be 
had the true latitude, beyond which there can be no 
eclipse, lids latitude being given, the moon's distance 
from the nodes, beyond which cclipscs.cannot happeni is 
found as for a lunar eclipse. This liroA is nearly between 
l6| und 1S| degrees distance from (be nodes. 

Tojind (he Digits eclipsed^ Add* (ho apparent semidia* 
meters of the luminaries into one sum; from which sub¬ 
tract the moon's apparent latitude; the remainder is the 
scruples, or parts of tho diameter eclipsed. Then say. As 
the semidiameter of the sun is to the scruples eclipsed; so 
are 6 digits reduced into scrupk*s, viz, 360 scruples' or 
minutes, (o the digits &c eclipsed. 

To deiermme the Duration qf a Solar Zclxtm. Find 
the hoiary motion of the moon from the sun. for one hour 


before the conjunction, and another Lour after: then say. 
As tho former horary motion is to the secofids in an hour 
so are the scru]d<-$ of half duration (found as in a lunar 
eclipse) to the timeof immersion; and as the latter horary 
motion is to the same seconds, so arc the same scruples of 
half diirution to the lime ofemersion. lastly, Adding the 
ti:ru'S of immcision and emersion together, the aggregate is 
the total duration. 

I hc moon's apparent diameter v\hcn largest, exceeds 
the sun's when least, only by '/ of a degree; and in the 
greatest solar eclipse that can happen at any time and 
place, the total darkness cannot continue any longer than 
wliikt the moon is moving through this 2' from the sun in 
her orbit, which is about 4 minutes of time : for thetno* 
(ion c»f tlie shadow on the eurih's disc is equal to the 
moon's motion from (he sun, which on account of (he 
earth s rotation on its axis in the same direction, or cast- 
war<l, is ubniil 30{ minutes of a degree every hour, at a 
mean rate ; but so much of the moon's orbit is equal to 
30y degrees of a great circle on the earth, because the cir- 
ciimfcrertce of the moon’s orbit is*about 6*0 times the cir* 
ctunferenco of the earth; and therefore the moon’s shadow 
goes 30^ degrees, or 1830 geographical miles in an hour, 
or 3()j miles in a minute. 

To determine the Beginnings il/idd/e, and End, of a Solar 
KiUpse. From the moon’s latitude, for the time of con¬ 
junction, And tlie arch gl (last fig. but one), or the dis¬ 
tance of the greatest (»bscuri(y. 'Fhcn say, As the horary 
motion of the moon from the sun, before the conjunction, 
is to J hour; so is the distance of the greatest darkness, 
to the interval of time belwc'cn the greatest darkness^nd 
the conjunction. Subtract this interval, in the 1st opd 3d 
quarter of the anomaly, from (he time of the conjunc¬ 
tion : and in the other quarters, add it to the same; then 
the result will be the time ofthegreatest darkness. Lastly, 
from the time of the greatest darkness subtract (he time of 
incidence, and add it to the time of emersion; the difle* 
rente in the first case will be the beginning; and the sum, 
in the latter case, the end of the eclipse. 

To OidcuUite qf the Sun. J.Find the mean 

now moon, and thence the true one; with the place of (be 
luminaries fbr the apparent time of the true one.—2- For 
the apparent time of the true new moon, compute tiro ap¬ 
parent time of the new moon observed.—3. For the ap¬ 
parent time,of the new moon seen, compute the latitude 
seen.—4# 'l^jencc determine the digits eclipsed.—Find 
the times of the greatest darknrss, immenion, and emer¬ 
sion.—6\ Thence determine the beginning and ending of 
the eclipse. 

From the foregoing problems, it is evident that all the 
trouble and fatigue of the calculus arises from the paral¬ 
laxes of longitude and latitude, without which, (he calcu¬ 
lation of solar eclipses would be (he same with that of lunar 
ones. 

Sec the Construction and Calculation of Kclipses by 
Fiamstcedp in Sir Jonas Moore’s System of Mathematici, 
and in Ferguson’s Astronomy, &c« • 

In the Philos. Trans. 461, isncontrivance to repre¬ 
sent solar eclipses, by means of the tern*strial globe, by 
M. Seguer, professor of mathematics at Gottingen. And 
Mr. Ferguson fitted a terrestrial globe, so as to show 
the time, quantity, duration, and progress of solar eclipses, 
at nn^ place of the earth whore they are visible; which 
he calls the Eclipsareon. Me has also given a largo ca¬ 
talogue ofoncicDt and modem eclipses, including (hose re- 
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conlcd in history, from 721 years before Christ, U> a, n. 
J4$5; also computed eclipses from 14S5 to 1700, and 
all the eclipses visible in Europe from 170pto 1800, See 
his Aslron. ^ 

The A^uwier ^Ecli PEss, of both luminaries, in any 
year, cannot be lc>s than two, nor more than seven; the 
most u^ual number is 4, and it is rare to have more than 
0\ I'he reason of which liinitatjon is obvious; because 
the sun passes by botli the nodes but once in a year, un** 
less he ]):iss by one of tlicrn iji the beginning of the year; 
in which case he will pass by thesame again u little before 
the end of the year ; because the nodes move backwards 
iPj degrees every year, so that the sun will come to either 
of them 173 days after the other: if either node be within 
17^ of the sun at the time of new moon, tlie sun wilt be 
eclipsed ; and at (he subse(|ueiu opposition, the moon will 
be eclipsed in the other node, and come round to tliciiext 
conjunction before the fonuer node be 17^ beyond tiicsun, 
and eclipse him again. AVljcn three eclipses happen about 
either node, (he like number commonly hajipens about 
the opposite one ; as the sun comes to it in 173 daysafter* 
ward, and 6 tiinulions contain only 4 days more. Thus 
there may be* two eclipses of the sun, and one of thumoot», 
about cucli of the nodes. But when the moon changes 
in either of the nodes, she cannot be near enough the 
other node, at the next full, to be eclipsed ; and in 6 lunar 
months afterward she will change near the other node; in 
which case there cannot be more than two eclipses in a 
year, both of the sun. 

Period of Eclipses, is the period of time in which the 
same eclipses return again ; and as the nodes move back¬ 
wards l<)f degrees every year, they must shift through 
every point of the ecliptic in 18 years and 325 days; and 
this would be the regular period of their return, ifany 
complete number of lunations were finished without a frac¬ 
tion ; but this is not the ease. However, in 323 mean lu¬ 
nations, al ter the sun, moon, and nodes have been once in 
a line of conjunction, they return so nearly to the same 
state again, as that the same node which was in conjunction 
with the sun and moon at the beginning of the first of^cse 
lunations, will be within 38" 13'" of the line of conjunction 
with the sun and moon again, when the lost of these luna- 
• tioiis is completed ; and in this period there will be a re¬ 
gular return of eclipses for many ages. To the mean time 
of any solar or lunar eclipse, by adding this period, or 18 
.lulian years 11 days 7 hours 43 minutes 30 seconds, when 
the last day of February in leap-years is 4 times included, 
or u (lay l<.ss when it occurs 5 times, we shall have the 
mean time of the return of thesame eclipse. Jnan inter¬ 
val of 6890 mean lunations, containing 557 years21 days 
18 hours 30 minutes 11 seconds, the sun and node meet 
so nearly, as to be distant only i I seconds. 

The Uic of Eclipses. In astronomy, eclipses of the 


than the moon. Eclipses also, (bat arc similar in ailcir- 
cuinstanccs, and that happen at considerable intervals of 
lime, serve to ascertain the period of the moon's motion. 
In geography, ^clipses discover the longitude of different 
places ; for which purpose those of the moon are the more 
tiseful, because they arc more often visible, and iJie same 
lunar eclipse is of equal magnitude and duration at ail 
places where it is seen* In chronology, both solar and 
luour eclipses sene determine exactly the lime of any 
past eviut. 


TJie followiii:; is a list of all (ho solar (•cl.‘()se3 lisihlc in 
this Country till the yo.ir 20i>0 ; the times adapted to Lcj- 
ceitcrsliire, the middle ol Eij;;Lirul. 

A Table of all the Solau Kclipscs that tr/7/5c visible (ill 

the Ve tr 2000. 


Dites. 

j De^iuniri:;. 

MJdIc. 
h. m. 

Kt.4. 

U. tu. f. 

Digiu. 

• 

Ii. 11). 

d-3, m. 

1916 Nov. 19, m 

8 lb 26 

9 2% 24 

10 J6 29 

9 08 

J8 IS May 5, Ju 

5 38 21 1 

6 50 21 

7 32 51 

5 0 

IS JO Scp(. A 

1 a ao 

2 00 49 

J 56 J9 

1 1 20 

1 Sjj July S, ni 

S 13 00 

3 .i3 ..0 

5 53 50 

0 56 

IS26 Dee* m 

10 0 IS 

II 6 8 

U 1.) 06 

6 4T 

1900 July 17. ni 

3 0 10 

3 33 10 

0 50 55 

0 06 

1 sra May is, ^ 

2 1 1 

3 29 1 

4 45 1 

n 16 

1911 July 18, A 

2 06 29 

2 4 3 17 

2 50 2 

0 0} 

1841 July 8, m 

4 31 43 

3 44 13 

6 40 15 

s 54 

184S MiyCs jn 

8 00 23 

9 51 33 

11 19 55 

0 :5 

1H46 A(»nl 3 

3 44 08 

6 21 8 

6 56 8 

2 21 

164 7 Oc(. 9. nj 

6 22 08 

' 7 06 08 

8 48 09 

11 0 

ISSI July 29, A 

1 57 11 

3 3 11 

4 lU 11 

9 40 

18SS Mir. 1 .s, m 

11 29 00 

12 31 2 

2 M 0 

J 1 00 

1860 JuU )8. a 

1 04 JO 

2 45 0 

0 52 00 

9 12 

1661 Dec. :il, A 

1 30 43 

2 46 13 

0 37 59 

5 0 

1868 rvfiiy >7, a 

‘3 U; 30 

6 27 20 

7 12 03 

0 4 6 

ie6> OcM9, A 

0 33 38 

3 0 36 

6 17 29 

7 

1 866 S *pt. 28, a 

4 09 14 

3 OH 14 

6 02 44 

3 3 

I667 Mircli6, m 

fi 7 26 

9 21 26 

10 40 20 

R 42 

1870 Dee. 22, m 

M 13 28 

12 02 36 

1 48 2H 

9 36 

167a May 26, m 

7 30 46 

b 46 46 

9 4 116 

3 40 

1874 Ort. 10, III 

6 33 7 

10 13 .17 

n . 1 07 

6 18 

I87S Sepf. 29, a 

0 6 37 

0 32 37 

0 36 57 

0 .13 

1660 Dec. ao, a 

1 44 46 . 

2 40 16 

3 3 1 10 

4 24 

1682 Muy 17, ni 

6 15 39 

6 34 14 

7 01 39 

2 18 

1667 Adf:. 19,11) 

0 23 22 

4 15 22 

3 7 52 

11 3K 

1S90 June 17, in 

8 20 29 

9 20 29 

10 00 29 

4 39 

1691 June 6, a 

4 37 36 

3 40 26 

6 20 26 

3 0 

1899 Jtine 8, m 

4 48 0 

3 31 U 

6 14 20 

0 13 

1903 Auf;. 30, m 

11 34 32 

1 8 41 

2 19 41 

9 00 

19ON June 2 k, 4 

3 10 0 

3 42 1> 

6 12 00 

1 20 

1912 April 17,in 

10 48 12 

12 23 11 

1 45 12 

11 Do 

1914 Au 9 2, m 

10 08 38 

H 31 58 

1 6 28 

R 9 

1916 Feb. 3 a 

4 21 10 

3 21 40 

6 18 10 

12 0 

1919 Ni»v. 22 , a 

3 20 .02 

4 17 02 

3 10 02 , 

3 0 

1920 Nov. 10 , a 

3 50 6 

3 1 06 

6 3 06 

7 3 

1921 Aj^ril 8, rn 

7 39 1 

8 32 31 

10 9 3) 

10 48 

1922 Alar. 28, a 

1 13 23 

2 8 35 

2 39 23 

2 16 

1923 Jan. 24, a 

• 2 47 29 

3 32 49 

4 34 9 

10 0 

1927 June 29,m 

4 29 11 

1 3 24 41 

6 23 41 

11 6 

1028 Nw. I2,in 

7 47 4 

8 33 4 

9 27 4 

2 42 

1929 Nov. 1, n> 

10 39 16 

ll 36 6 

12 10 35 

0 39 

1936 June 19,tn 

3 33 40 

4 41 10 

3 31 10 

6 42 

1939 April 19, a 

3 32 32 

6 24 22 

7 12 31 

4 42 

194 2 Svpu 10, a 
1943 July 9, a 

3 26 6 

4 14 36 

3 0 6 

3 54 

0 47 37 

9 2 37 

3 13 37 

7 49 

1949 Ar(il28,in 

6 44 44 

r 40 44 

8 41 34 

4 27 

1932 Feb. 25, n 

8 38 3 

9 It 36 

9 46 8 

1 29 

1934 Juhcao, ni 

It 20 2 

11 88 02 

2 11 2 

9 39 

1939 0(t. 2, ro 

n 26 1 

12 24 1 

1 2l 31 

4 3 

1961 Feb. 13, m 

6 09 10 

7 40 40 

8 46 40 

11 23 

1966 May 2U, in 
1968 Sent. 22, in 

' H 7 

9 30 18 

9 06 7 

10 27 18 

10 43 7 

11 27 4B 

8 17 

4 7 

1971 Feb.23, m 

B 3; OS 

9 41 DU 

10 46 08 

7 34 

1972 July 10, a 

: 07 32 

8 21 21 

9 3 22 

6 4 

1973 Dec. 24, a 

3 10 6 

4 19 36 

3 21 36 

3 36 

1973 A!ay 11, m 

5 38 26 

6 04 36 

7 34 26 

0 4S 

' 1976 A[ifd29,ii) 

9 42 0 

10 19 0 

10 31 0 

1 2 

1982 Dec. I3,tn 

*7 23 28 

8 29 28 

9 41 29 

3 18 

1984 Mayao, a 

3 21 39 

6 23 29 

7 17 39 

6 19 

1994 May 10, a 

3 32 31^ 

6 30 31 

7 43 01 

3 33 

1996 Ocl. 12, a 

1 9 16 

2 26 18 

3 41 0 

7 13 

1999 A»ie. M,m 

9 10 52 

10 27 32 

11 *47 02 

n 24 


Ecli es of the Satellites, See S a r ell 1 trs of Jupiter, 
—The principal circumstances here observed an*, J. That 
the satclliics of Jupiter undergo two or three kinds of 
eclipses; the first of which are proper, being such as hap¬ 
pen when Jupiter6 body is directly interposed bctwe^<u 
them and the sun; which eclipses huppen almost every 
day. Various authors have given tables for computing 
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cclipsci ofthr satellites of Jupiter; as FiamsUed, Cassini, 
^VargunlJit, i^c. 

The sccoikI sort arc occuitations, rather than observa¬ 
tions; wlicii the satellites, coming loo near the body of 
Jupjtcr, arc lost in his light; <%hich Riccioli calls occiden- 
zcusiace, setting jovially, lu which ease, the nearest or 
/irst satellite exhibits a third kind of eclipse; being ob¬ 
served like a round macula, or d«nik spot, tiaiisiiiiig the 
disc ot Jupiter, with a motion contrary to that <*f the sa¬ 
tellite ; like as the moon’s shadow, projected on tin* e arth, 
will appear to do, to the lunar inhabitants* 

The,eclipses of Jupiter’s satellites furnish very good 
means of finding the longitude at sea. Those especially of 
the tirst satellite are much surer than the eclipses of the 
moon, and llicy also happen much oftener : the manner 
of applying them is also very easy. In the Philos/Prans. 
lor 17 8f), Mr. Figott gave a preferable method by the lu¬ 
nar transits. Sec Longitude. 

ECLIFIIC, in Astronomy, a great circle of the sphere 
conceive*! to pass through the middle of the zodiac. It 
is sometitnes culled the via soils, or sun's path, Icing the 
track which lie appears to describe among the fixed stars ; 
though more properly it is the apparent path of the earth, 
as viewed from the sun, and thence culled the heliocentric 
circle of the earth. It is called fhe ecliptic, because all 
the eclipses ol the sun or moon happen when the moon 
crosses it, or is nearly in one of those two parts of her orbit 
where it crosses the ecliptic, which points arc called the 
moou's nodes. 

Upon the ecliptic arc n^arked and counted the 12 ce¬ 
lestial signs, Aries, Taurus, Gemini, &c; and also the longi¬ 
tude of the planets and stars. Its situation is oblique with 
respect to the equator, which it cuts in two opposite points, 
viz, the beginning of Aries and Libra, being directly op¬ 
posite to each other, and called the equinoxes, making 
one half of the ecliptic to the north, and the other half 
on the south side of the equator; the two extreme points 
of it, to the north and south, which arc opposite to each 
other, and at a qua<lrarit distance from the equinoctial 
points both ways, nrc called the solstices, or solslitial 
points, or also the two tropics, which arc at the beginning 
of Cancer and Capricorn, being at the farthest distance of 
any points of it from the equator, w hich distance is the 
measure of the sun’s greatest declination, and is the same 
with the obliquity of the ecliptic, or the angle it makes 
with the equator. 

This obliquity of the ecliptic is not permanent, but is 
continually varying, by the ecliptic approaching nearer 
and nearer to a parallelism with tlic^quator, at the rate 
at present of in 100 years, ns is deduced from an¬ 
cient and modern observations compared together ; and as 
tlic mean obliquity of the ecliptic was 23® 2S' about the 
end of the year 1788, or beginning of 1789, by adding 
•426 of u second for each preceding ycqr, or subtracting 
the same for each following year, the mean obliquity will 
be found nearly, for any year cither before or since that 
period. The quantity however of this change is variously 
stated by different authors. Hipparchus, almost two thou¬ 
sand years since, observed the obliquity of the ecliptic, 
and found it abT>ut2S{!31 ;and all succeeding astronomers, 
to the present lime, having observed the same, have found 
It always less and less; being now rather under 23® 28^; 
a dificrence of about 23^ in 1950 years; which gives airtc- 

70" in 100 years. There is no doubt, however, 
that the diminution is variable. 


It is now well known that this change in the obliquity 
of the ecliptic, is wholly owing to the actions of the planm 
upon the earth, and especially the planets Venus and Ju¬ 
piter, but chiefly the former. See Lagrange’s excellent 
paper on this subject in the .Memoirs of the French Aca- 
doiu) for 1774 ;Cassini’s in 1778 ;and Lalandc’s Astron. 
vol. 3, art. 2737. According to Lagrange, who proceeds 
uj)(in theory, the annuol cliangc of obliquity is sariablc, 
and has its limits ; about 2000 years ago, he thinks it was 
after the rate of about 38' ?n 100 years; that it is now, 
ami will be for 400 years to come, 36^'per century; but 
2000 years hence, 49"' per century. According to Cassini, 
ulio C(imputt*5 from observations of the obliquity between 
xhv years 1739 ^tid 1778, the annual change at present is 
(io"or Tin 100 years. But according to Lalandc, the 
diminution is at the rate of 42"'6 per century ; svhile 
Dr. Maskelyne makes it SO'' in the same time. But later 
c»bsrrvatJons and the calculations <if Laplace, give now 
52"* 1 for the mean secular vtiriation. 

Besides the diminution of the obliquity of the ecliptic, 
at the above rate, which arises from u change of the ecliptic 
itself, it is subject to two periodical inequalities, the one 
produced by the unequal force of the sun in causing the 
precession of the cquinox(*s, and the other depending on 
the nutation of the earth’s axis. Sec the Exjdflnation and 
Um' of Dr. Maskolyne’s Tables and Observations, pu. vi, 
where he shows how to calculate thbse inequalities ; and 
also, from his own observations, determines the mean ob¬ 
liquity of the ecliptic to the beginning of the year 1769^ 
to be 23® 28' 9"7. 

Tq find the ObHfiuUtf qf the EcUptiCy or the greatest de¬ 
clination of the sunr^About the lime of the summer sol¬ 
stice observe very carefully the sun’s zenith distance for. 
several days together; then the dilTcrencc between this 
distance and the latitude of the place, will be (he obliquity 
sought, when the sun and equator arc both on one side of 
the place of observation ; but their sum will be the obli¬ 
quity when they arc on diflTerent sides of it. Or, it may 
he found by observing the meridian altitude, or zenith 
dislat^c, of the sun’s centre, on the days of the summer 
and winter solstice; then the difference of the two will bt 
the distance between the tropics, the half of which will 
be the obliquity sought. 

By the same method too, the declinution of the sun 
from the equator for any other day may be found ; and 
thus a table of his declination for every day in the year 
might be constructed. Thus also the declination of the 
stars might be found. 

The observations of astronomers of all ages, on the ob¬ 
liquity of the ecliptic, have been collected together; and 
although some of them may not be quite accurate, yet 
they sufficiently show the gradual and continual decrease 
of the obliquity frpm tiie limes of the cartiest observations 
down to the present time. The chief of those observations 
may be seen in Iho following table; where the first co¬ 
lumn contains the name of the observer, or author y (he 
2d, theyear before orancr Christ; and the 3d,the obliquity 
of the ecliptic for the time. 

See Ptolem. Aim. lib. 1, cap. 10; Riccioli Aim. vol. 1, 
lib. 3, cap. 27» Flamsteed, Prolcg. Htsu Ccel. vol. 3; Phi¬ 
los. Trans. N® l63 ; ibid. vol. 6d, pt. 1; Long’s Astron. 
vol. I, cap. I6; Mrntoirs of the Acad. an. 1716, 1734, 
1762,1707.1774, 1778 ; ActaErud. Lipsia,17I9; Nnuu 
Aim. 1779; Maskelyne’s Obsorv. Explan, pa.vi; &c. See 
Laplacz* 
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Table cjihikitiag the Degree of Oblitjuiiy of the Ecliptic at 
vartouj limes, ns determined from ancient and modern 
Observations. 


Autliorf* Names. 

V<sirs be fort 
Chriit. 


Pytheas - • . • 

324 

O 1 a 

25 49 23 

Eratosthenes and IIi|)|)archus 

230& un 
-Xficr Chmi 

23 51 20 

Ptolemy • - - - 

140 • 

23 48 45 

Altnahmoti . • • « 

832 

'23 55 

Aibategnius • . 

880 

25 35 

Tbebat .... 

91 1 

23 35 30 

Abul Wasi and Hamed 

999 

23 35 

Persian Tables in Chry.sococea 

1004 

23 35 

Albatrunius 

1007 

23 35 

Arzachet . . • 

1104 

23 33 30 

Almaeon «... 

] 140 

25 33 30 

Choja Ka.«sir Oddin 

1290 

23 30 

Prophatius the Jew 

1300 

23 32 

Ebn Shatlir ... 

1363 

23 31 

Purbach and Regiomontanus • 

1460 

23 30 

Ulugb Beigli • • . 

1463 

23 30 17 

Wallher • • • . 

1476 

23 30 

Ditto corrected by refraction, &c. 


23 2m 8 

Werner ♦ • ' 

1510 

23 28 30 

Copernicus • • - • 

1525 

23 28 24 

Egnaiio Danti • - 1 

1570 

23 29 

Prince of He&se - • • 

1570 

23 31 

Rothmann and Byrge - 

1570 

25 30 20 

Tycho Brahfe - • 

1584 

23 31 30 

Ditto corrected • , - 


23 29 

Wright . - • . 

1594 

23 30 

K«*pler . • • . 

1627 ; 

23 30 30 

Gasscndtis * « « . 

1630 

23 31 

Riccioliis • • • . 

1646 

23 30 20 

Ditto corrected • . . 

1655 

23 29 

Hevelius * . . . 

1653 

23 30 20 

Ditto corrected « 

1601 

23 28 52 

Cassini .... 

1655 

23 29 15 

Moiitons, corrected, &c 

1060 

23 29 3 

Richer corrected - • 

1 1672 

23 28 52 

La Hire .... 

1686 

23 29 

Ditto corrected ... 


23 29 28 

Flamsteed » • * • 

1690 

23 29 

Bianchini «... 

1703 

23 28 25 

Rocmer .... 

1706 

23 28 41 

Loiiville . . • • 

: 1715 

23 28 24 

Godin • • « • . 

1 1730 

23 28 20 

Bradley . . « . 

1750 

123 28 18 

Mayer - • - . 

1 1756 

|23 28 16 

Maskelyne 

1769 

23 26 10 

Hornsby • • . 

1772 

23 28 8 

Nautical Almanac 

1779 

23 28 7 

Ditto 

1800 

23 27 50 

Dc. Maskelync's observations 

1800 

23 27 56*0 

Piaaai • * 

1800 

23 27 50 3 

Mr. Pond * ^ . 

Delambre iviUi repeating circlel 

1800 

23 27 56-5 

of Borda# mean of many faun* f 
drod observations ^ 

1600 

1 

25 27 57 

English ami French astronomers ] 

1612 

23 27 42 


Table of the Obli/juilj/ of the Ecliptic for Forty Centuries, 

ii-iih its Secular Variation. 


1 

- . ■ 1 

j Mtiu OM 

i<|uitY. 

S«ciiUr Wrntlon. 

A.C. 

900 ! 

23® 

50' 

26"-2 , 



800 

23 

49 

30 -6 

46''-9 


700 

23 

48 

52-7 

47 -2 


600 

23 

48 

5 -5 

! 47 -5 


500 

23 

47 

)H •O 

• 47 -9 


400 

23 

46 

20 -1 

48 -2 


, 300 ' 

23 

45 


48 -5 


200 

23 

44 


48 *9 


100 

23 

44 

4 -5 

; 49-1 


0 

23 

43 


49 -S 

A.D. 

100 

23 

42 


4') -7 


200 

23 

41 


- 49 -9 


300 

23 

40 


50-1 


400 

23 

39 


50-3 


.500 

23 

39 


50*5 


600 

23 

36 


50-8 


700 

23 

37 


51 -0 


800 

23 

36 


51 *1 

% 

900 

23 

35 


51 S 


1000 

• 23 

34 


51 -4 


1100 

23 

34 


.51 5 


1200 

23 

33 

8 -5 i 

51 -7 


1300 

23 

32 

16-8 

51-8 


1400 

23 

SI 

25 -0 

51 -9 


1500 

23 

30 

33 *1 

52 -O 


1600 

23 

29 

41 -1 

52 -0 


1700 

23 

28 

49 -1 

52 1 


1800 

23 

27 

57 0 

52 *1 


1900 

23 

27 

5 0 

52 •! 


2000 , 

23 

26 

12-8 

52 2 


2100 

23 

25 

20 -6 

52*3 


2200 

23 

24 

28 3 

52 -2 


2300 

23 

23 

36 '1 

52 -2 


2400 

23 

22 

43 -9 

52-2 


2500 

23 

21 

51 •? 

52 -2 


2600 

25 

20 

59 *5 

52 1 


2700 

23 

20 

7 -4 

52 1 


2800 

23 

19 

15 -3 

52 J 


2900 

23 

18 

23 -3 

52 0 


3000 

23 

17 

31 3 

52 0 


According to an ancient tradition of the Egyptians, 
mentioned by Herodotus, the ecliptic-bad formerly been 
perpendicular to the equator : they were led into this no¬ 
tion by observing, for a long scries of yearn, that the ob¬ 
liquity was continiinlly diminisliing; or, which amounts 
to the same thing, that the ecliptic was continually ap¬ 
proaching to the equator. Hence they took occasion to 
suspect that those two circles, in the bi^iiining, hud been 
as far oft'each other as possible, that is, pcrpcndiculnr to 
each other. Diodorus Siculus relates, that thcCbaldeuns 
reckoned 403,000 years from their first observations to 
the time of Alexander’s entering Babylon. This enormous 
account may have some foundation, on the sup|>osition 
that the Chaldeans deduced it froi^tbe diminution of the 
obliquity of the ecliptic at the rnc of a minute in 100 
years. M. dc Louvillc, taking the obliquity, such as it 
must have been at the lime of Alexander's entrance into 
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l]Kbylon» ami g'^iug back to the lime when the ecliptic, 
at that rate, njust have been perpendicular to thrc<{uator, 
actually firuN 40.2,9VC Egyptian or Clialdoaii years; 
which is only 68 years short ol* that cpocha, Indeed there 
is no way so probable of accounting for the fabulous an¬ 
tiquity of tlie ICgvptiaus, Chaldeans, &c, as from the sup¬ 
position of long [leriods of very slow celestial motions, a 
small part of which they had observed, and from which 
(liey calculated the beginning of tlie period, making the 
world and their own nation to commence together* Or 
perhaps they sometimes counted months or days for years. 

EcLieric, in Geography, a great circle on the terres¬ 
trial globe, in the plane of, or directly under, the celc^stial 
ecliptic. 

Ecliptic, FA:lipticus, something belonging to the eclip¬ 
tic, or to eclipses; as ecliptic conjunction,oppositiun, 

Ecliptic itowm/s, or LitniiSf are the greatest distance's 
from tlie nodes at which the sun or moon can be eclipsed; 
namely, near 18 degrees for the sun, antf 12 degrees for 
the moon. 

Ecliptic DiifitSf Digiii ^clipiici. See Digits. 

PoUs qf (he Ecliptic, are the two opposite points of 
the sphere which are each every whcic equally distant 
from the ecliptic, vi/, <;o®. I'hc distance of the poles of 
the ecliptic from the poles of the equator, or of the world, 
is always equal to the varying disUsnee of the obliquity i>f 
the ecliptic, which for the year 1800 was, according to 
Dr. Maskelync, 23® 27' 56"'6\ 

R^ducihn to the Ecliptic. See Rlluction. 

EFFECT* The result or consequence of thcopplication 
of a cause, or agent, on some subject, ft is one of the 
great axioms in philosophy, that effects arc always pro¬ 
portional to the powers of their adequate causes* 

EFFECTION, denotes the geometrical construction of 
a proposition. The term i$ also used in reference to pio- 
blcms end practices; which, when they arc deductble from, 
or founded on some general propositions, arc called the 
geometrical effection of them* 

EFFERVESCENCE, is popularly used for a light 
ebullition, or a brisk intestine motion, produced in a liquor 
by the first action of heat, >vith any remarkable separation 
of its parts* 

EFFICIENT Cause, is that which produces an elTect, 
See Cause and Effect. 

Efficients, in Arithmetic, arc the numbers given for 
an operation of multiplication, and arc otherwise called 
the factors. Hence the term coeflicients in algebra, which 
are the numbers prefixed to, or that multiply the letters 
or algebraic quantities. 

F^FFLUVIUM, a flux or c.xhalation of minute particles 
from any body; or an emanation of subtile corpuscles 
from a mixed, sensible body, by a kind of motion of 
transpiration. 

ELASl'IC, an appellation given to all bodies endowed 
with the property of elasticity or springiness. 

Elastic Body, is that which changes iu figure, and 
yields to any impulse or pressure, but endeavours by its 
own nature and force to restore the same again ; or, it is 
a body of such a nature that, when compressed or con¬ 
densed, it will make an effort to set itself at liberty, and 
to repel the body that constrained it: such, for inslance, 
as a bow, or a sword-blade, &c, which arc easily bent, but 
presently return to their Jonner figurt' and extension. Ail 
bodies partake of this property in some degree, though 


jicrhaps none arc pcrlVcily elastic, os none arc found to 
Totore lljomsclves with a force equal to that with which 
they arc compiessed. 

'Fhe principal phenomena observable in elastic bodies, 
are, 1. 'Flial an elastic body (i. c. a body perfectly elastic, 
it any such there be) endeavours to restore itself with the 
same force with which it pressed or bent. 2. An elastic 
body exerts its force Kiuiilly tovvanis all sides; though 
the eft’eci is chiefly fouii<l on that side where the resistance 
is weakest; as is evident in ihc case of a gun e.xptoding a 
ball, i\ bow** shooting out an arrow, &c. —d. Elastic bo¬ 
dies, in whatever manner they arc struck or impelled, arc 
inficcted and rebound after the same manner: thus a bell 
yields the same musical sound, iti whatever manner, or on 
whatever side it be struck ; the same of a tense or musical 
chord; and a body rebounds from u plane in the same 
angle in vvhicli it meets or strikes it, making Uic angle of 
incidence equal to the angle of retleciiun, whether Ihc in¬ 
tensity of the stroke be great or small.—4. A perfectly 
fluid body cannot be clastic, if it be allowe<l that its parts 
cannot be compressed.— 5. A body perfectly s(did, can¬ 
not be elastic; because, having no pores, it is incapable 
of being compressed.—(E The elastic properties of bodies 
seem to differ, according to their greater or lc*>s density or 
compactness, though nut in an e<}uul degree : thus, metals 
arc rendered more compact and clastic by being ham¬ 
mered: tempered steel is much more clastic than soft 
steel; and the density of the former is to that of the latter 
as 7809 to 7738. Cold condenses solid bodies, and ren¬ 
ders them more clastic ; while heat, that relaxes them, 
has the opposite effect: but, on the contrary, air, and 
other elastic fluids, are expanded by heat, and rendered 
more ehislic.—For the laws of motion and percussion iu 
elastic bodies, see Motion, and PF.ncussiON* 

El.vstic Carre. See Catenaria. 

Elastic Fluids. Sec Air, Electricity, Gas, Elas¬ 
tic Vapours, &c. 

Elastic Gum. The same as Caoutchouc, or Indian 
Rubber. 

Eta STIC Vapours, or Fluids, arc such as may he com¬ 
pressed mechanically into a less space, and which resume 
their former slate when the compressing force is with¬ 
drawn ; such as atmospheric air, and all the aerial fluids, 
with all kinds of fumes laised by means of heat, whether 
from solid or fluid bodies. 

Of these, some remain clastic only while a considerable 
degree of heat is applied to them, or to the substance 
which produci's them; while others continue clastic in 
every degree of cold that has yet been observed. Of the 
former kind, are the vapours of water, spirit of wine, mer¬ 
cury, sal-ammoniac, and all kinds of sublimable salts: of 
the latter, those of spirit of salt, mixtures of vitriolic acid 
and iron, nitrous acid, and various other metals, and in 
short Ihc several species of aerial fluids indiscriminately. 

The elastic force with which any one of these fluids is 
endowed, has not yet been CHlculatcd, as being ultimately 
greater than any obstacle we can put in its way. Thus, on 
compressing atmospheric air, we find that for some little 
time at first it easily yields to any force applied; but at 
every succ<*eding moment the resistance becomes stronger, 
and a greater and greater force must bo applied, to com¬ 
press* it further. Afthe compression goes on, the vessel 
containing the air bnomes hot; but no power whatever 
has yet been able in any degree to destroy the elasticity of 
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the coiitaincfl fluid ; for, upon remoiring the pressure, it is 
always found to occupy tlio very same space that it did 
before. The case is the same with the steam of water, to 
which a sufficient heat is applied to keep il from condens¬ 
ing into water again.i 

Et ASTiciTY, or Elastic Force, that property of bodies 
by which they restore thcmselies to ibcir former figure, 
after any external pressure. * 

Tiie cause or principle of lids important j)roi)erry, elas¬ 
ticity, is variously accounted for, '] he Cartesian^ascribe 
it to a subtile mutter making an eflort to pa^s through 
pnrc's that are too narrow for it. Thus, say ll)ey, irj bend¬ 
ing or compressing a hard elastic body, as a bow, lor in¬ 
stance, its parts recede from each oilier on the convex 
side, and approach on the concave one: consequently the 
pores arc contracted or straitened on (he concave side; 
and, if they were before round, arc now p<‘rbap5 oval i so 
that the materia subtilis, or^inattcr of the second element, 
endeavouring to pass out of the pores thus straitened, 
must make an eflbrt, at tlic same time, to restore the body 
to the state it was in when the port^ were cylindrical,i.o. 
before ihe bow was bent: and in tbisconsisli its elasticity. 

Other l»ler philosophers account for elasticity much 
after the same manner as the Cartesians; with this ditl'er- 
eiice only, that Insteail of die subfile matter of the Carte¬ 
sians, these substitute ether, or a fine etbereui medium 
tliat pervades all bodies. 

Others, setting aside the precarious notion of a materia, 
sublilis, account for elasticity from the great law of na¬ 
ture, attraction, or the cause of the cohesion of the parts 
of solid and firm bodies. Thus, say they, when a hard 
body is struck^ or bent, so that the component parts arc 
moved a little from each other, but not <]uito disjointed 
or broken off, or separated so far zs to be out of the power 
of that attracting force by which they cohere ; they must, 
oi\ removing the external violence, spring back to their 
former natural state. 

Others again resolve elasticity into the pressure of the 
atmosphere : for a violent tension, or compression, though 
not so great as to separate the constituent particles of bo¬ 
dies far enough to let in any foreign matter, must yet occa¬ 
sion many little vacuola between the separated surfaces; 

that on the removal of the force they will close again 
by the pressure of the Serial fluid upon the c.xtcmal parts. 

Lastly, Others attribute the elasticity of all hard bodies 
(u the power of rcsilition in the air included within them; 
and so make the clastic force of the air the principle of 
elasticity in all other bodies. Sec Dcsaguliers's li>per. 
Phi^. vol. 2, pa. 38, dee. 

7n€ Elasticity qf Fluids is accounted for from their 
particles being all endowed with a centrifugal force; 
wiiohCc Sir Isaac Newton demonstrates, prop. 23, lib. 2, 
that particles, which naturally avoid or fly off from one 
another by such forces as arc reciprocally proportional to 
the distances of their centres, will compose an elastic fluid, 
whose density is proportional to its compression; and vice 
versa, if any fluid be composed of particles that fly off or 
avoid one another, and have its cfcnsjty proportional to its 
compression, then the centrifugal forces of those particles 
%j)l be reciprocally proportional to the distances of their 
centres. ^ 

Elasticity o/ the Air is the f^cc with which that 
element ehdeavours to expand, and with which it docs 
actually dilate itself, on removing ^the force that com¬ 
presses it. The chisticity or spring of tho air was flht 
Vol. L 


discovered by Lord Bacon, and farlhor established by Ga¬ 
lileo. Its existence is thus prove il by the latUT philoso¬ 
pher: An extraordinary quantity of air being intruded, 
by means of a syringe, into a liullow ball or shell of glass 
or metal, till such time as the hall, wjtli its accession ot 
air, weigh considerably more in (he hulauce than it did 
before; then, opening the mouth of the ball, the air 
rushes out, till the bull sink to its l.>imcr weight, lienee 
he iuferred, that just as much air hud issued out, os com¬ 
pressed air had been compressed in. Air therefore re¬ 
turns to its former degree of expansion, on removing the 
force that compressed or resisted its expansion ; and con¬ 
sequently it is endowed with an clastic force. It may be 
added, that as tho air is found to rush otit in every situa¬ 
tion or direction of the orifice, the elastic force acu every 
way, or in every direction alike. See Air, and Atmo- 
spiiruB. 

The^cause of elasticity in air has been usually ascribed 
to a repulsion between its particles; but what is the cause 
of that repulsion ? The term repulsion, like that of at- ^ 
traction, requires to be defined; and probably it will be 
found in most eases («> be the effect of the action of some 


other fluid. '1 hus, it is found that the ehisticity of the at¬ 
mosphere is very considerably affected by heat. Supposifig 
a quatitity of air heated to such a degree as to raise 
Fahrenheit's thermometer to 212, it will then occupy h 
considerable space ; but if it be cooled again to such a 
degree, as to sink the thermometer lo it will shrink up 
to less than half the former bulk. 1 he (|uantity of repul¬ 
sive power therefore acquired by tho air, while passing 
from one of the?.c states lo the other, is evidently owing 
to the heat added to it, or taken away from it. Nor does 
there seem (o be any reason to suppose, that the quantity 
of elasticity or repulsive power it still possesses, is owing 
to any other cause than the fire contained in it. The sup¬ 
position that repulsion is a primary cause, independent of 
all others, Ims given rise to many erroneous theories, and 
very much embarrassed philosophers in accounting fur 
the phenomena of elasticity. 

The elasticity of the air is not only proportional to its 
density, but i$ always equal to (be force which compn*s$cs 
it, because these two forces c.sactly balance each other. 
This elasucily, in the atmospheric air, is measured by the 
height of the burotnetor at any time, allowing for its heat 
or temperature, after this rate, vix, tbe434tb part for each 
degree of Fahrenheit's thermometer, above or below some 
mean tcmpeniture, for by that part of the whole 

it is that air e.xpands or contracts, or else increases or de¬ 
creases in its elastic^, for 6ach degree of tho thermome¬ 
ter. Sir Geo. Shuckburgh, in the Philos. Trans, for 1777,. 
pa.5$I. 

ELECTIONS, or CAoice, sonify the several dirtlwni 
ways of taking any number of things proposed, either se¬ 
parately, or as combined in pairs, in threes, in fours, Jkc; 
not as to the order, but only as to the number and variety 
pf them. Thus, of tho things a, b, c, d, e, &c, the elec¬ 
tions of 


one thing are (a,) 1 s 2* I, 

two things are (a, bf ab) 3 s 2^ ^ I, 

three things are (a, b, c, ab, ac, &c, abc) 7 3^ — 1, &c; 

and of any number, n, all the elections arc 2 » ^ 1 ; (hi^t 

if, one less than the power of 2 whoso exponent is h, the 

number of single things to be chosen, either separately or 

in combination. See Combination* 

ELECTH^C, in Physics, is a term applied to those sub- 
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^l;ihce> in ^>tliclJ llir rlcciric fluul br cxcitod, and 

^ccumulaCedt without transmitting; it; ami which arc 
therefore called non*conductors. 1 hey arc also called 
original Klecnic?, and Electrics per se. 'I'lic word is do- 
ri\cd from amhcfy one of the most observable 

tton-comliictors) and the only one known to the ancients. 
'J'o tlii> cIjhs also belong g!a>s, and all vitrifications, even 
of motuls; all precious stones, of which the most trans- 
j>aront arc the best; resins, and resinous compositions; 
sulphur, and baked wood; all bituminntissubstances,wax, 
silk, uvid cotton ; all dry animal substances, as feathers, 
won), hair, &:c ; also paper, white sugar, and sugar-candy; 
iikeuiseair, oils, chocolate, calces of metals and semi* 
metals, tlic ashes of animal and v(*getable substances, the 
rust of inetHl*, all dry vegetable substances, and stones, of 
which the hardest (ire the best.’ 

Substances of this kind may be excited,so as to exhi* 
bit the electric a|ipeHranccs of attracting and repelling light 
bodies, emitting a spark oflijtht, attended with a snapping 
noise, and yiebbn;’u current of air, the sensation of which 
resembles that of a spider*> web drawn over the face, &c, 
and a smell like that of phosphorus; and this exciting 
may be either produced by friction, or by heating and 
cooling, or by m( Iling, and pouring one incited substance 
into another.—The term is peculiarly applied to the elec¬ 
tric, vi/, the globe, or cylinder, &c, n5<‘d in electrical 
tnuchines, for collecting the fluid by friction. 

Kijx'tkica I, Air T^ermojneier^ un instrument contrived 
by Mr. Kinner^ley of l^hiladelphia, and used in determin¬ 
ing the etTects of the electrical explosion upon nir; a do- 
«crij)iion of which may be seen in Franklins Letters, &c, 
pa. 389, 

Elkctkical Apparatus^ consists of glass tubes, about 
3 feet long, and an inch and a half in diameter, one of 
wbicli should be closed at one end, and furnished at the 
other end with a brass cap and slo|>-cock, to rarefy or 
condotsc the inclosed air ; sticks of sealing-wax, or tubes 
of rough gloss, or glass tubes covered with sealing-wax, or 
cylimler^ of baked wooil for producing the negative elec¬ 
tricity; with proper lubbers, ns black oiled silk, with 
Amalgam upon it for the former, and soft new tianiiel, or 
hare-skins, or cat-skins, tunned with the hair on, for the 
latter; coated jars, or plates of glass, either single, or 
combined in a battery, for nccumulating electricity ; me¬ 
tal rods, as dischargers; anelectrical machine; ekxtro- 
meters, and insulated stools, supported by pillars of glass, 
Covered with sealing-wax, or baked wood, varnished or 
boiled in linseed oil. 

^ Elect HiCAL Aonosphm, is a stream or mass of the 
electric fluid which surrounds an excited or electrified 
body, to a certain distance. 

ELHcraiCAL Bails. See Balls, and ELECTiiOMBTP.R* 

Electrical flai/ery, consists of a number of coaled 
jars, placed lu^r each other in a convenient iniinner. 
These being charged, or electrified, and connuctMl wih 
each other, are then suddenly exploded or disclmrgid, 
with a prodigious efl'ect. Sec BArrEnv. 

Electrical BcUs, are a set of bells mounted in a pe¬ 
culiar manner, so as to be rung by means of the action of 
the electric fluid. Fig. 10, plate vii, represents a set of 
bells of this kind; vihen the clapper is suspended from 
the fly bed, the axis of which rests in k small hole on the 
top of the glass pillar r /; the upper part of the axis moves 
freely on, and is supported by a hole in the brass piece gs, 
and bells of diflerent tones arc placed round the board 


Aik. This apparatus being placed near the cylinder, the 
prime conductor being removed, will, when the machineu 
in action, be put in motion, the clapper of which striking 
the b<*lls in succession, produces an agreeable harmony. 

Electric EiperinunUy are certain experiments made 
by means of an vlcctric machine and apparatus; bomc- 
times in order to discover thr nature and properties of the 
electric fluid, and at others for the amusement of the 
operator or by-slanders. But, in a work like the present, 
it is impossible to give any thing like a complete sec of 
experiments; we have however selected the following; 
and must refer the reader, flir others, to Adamses, Caval- 
lo's, and Cuthbertson’s works on this subject 

Erperimvit 1. Put tlic machine in action, connect the 
cushion by a chain with tlic ground, and those bodies 
which communicate with the positive conductor will be 
electrified positively. Connect the positive conductor 
with the earth by a chain, take off the chain from the 
cushion, and those bodies which communicate with the 
cudhion, or negative conductor, will be electrified nega¬ 
tively. 

£rprr. 2. Connect the positive conductor by a cbalh 
with the table; turn the cylinder, and the cushion will 
be found to be negatively electrified. Take the chain off 
from (he positive Conductor, and both wilt exhibit signs of 
electricity ; but any electrified body, which is attracted 
by the one, will bi* repelled by the other. If they arc 
brought sulficicntly near to each other, sparks will pass 
between them, and they will act on each other stronger 
than on any other bodies. If they arc connected toge¬ 
ther, the electricity of the one wilt destroy that of the 
other; for though the fluid seems to proceed from the 
cushion to the conductor, the two, when thus conjoined, 
will exhibit no signs of electricity, because the fluid is 
continually circulating from one to the other, and isthere- 
fore kept always in the same state* 

We see, by this experiment, thol ctcclric appearances 
are produced both in the electric which is excited, and 
the substance by which it is excited, provided that sub¬ 
stance be insulated ; but their electric powers are directly 
revorn^of each other, and may he distinguished by oppo¬ 
site effects. 

Exper. 3. If the cushion and Uic conductor are both in¬ 
sulated, it is observed, that the less electric fluid is ob¬ 
tained, the more perfect the insulation is made. 

The moisture, which is at oil times, floating in (he 
air, together with the small points, from which it is im¬ 
possible totally to free tbccushioo, donut permit il to be 
perfectly insulated, so as to aflbrd no supply of clKtric 
matter to the cushion. If the air, and other parts the 
apparatus, are very dry, little or no electricity will be 
produced under the above-mentioned circumsrtinces/ 
From this experiment it it iofeiTcd, that (he electric 
powcff do not exist in the electrics themselves, but are 
produced from (he earth by the excitation of electrics; 
or that the electric matter on the prime conductor is not 
produced by the friction of the cylinder against the 
cushion, but is collected by that operation fn^ra it, and 
from those bodies which arc connected with it. 

ifxprr. 4. Touch a pair of insulated pith balls with an 
excited glass tub<^ they will become dectrifled, and will 
separate from each other; the balls arc eketrifled posi¬ 
tively, and are therefore attracted by excitcil wax, and 
ropdled by excited glass. As those light substances, 
which possess the same electric power, repel each other; 
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wc can easily discover whether they arc electrified posi¬ 
tively or negatively, by presenting an excited slick of 
sealing-wax or glass to them. If they are attracted by the 
glass, they are negatively, if repelled by it, they are po¬ 
sitively electrified; on the contrary, if repelled by the 
exciteii wax, they are negative, if attracted, positive. 

In ascertaining the nature of the electric powers, wc 
must avoid bringing the bodies to be tried near each otiicr 
suddenly 5 or one with a strong electricity near another 
which is weakly so; as it may render the cNperiinenl 
doubtful, by attracting, and nut repelling the light body. 

Exptr.b. Insulate a long metallic rod, suspend a pair 
of pith bulls from each end of it, place one of the ends at 
«bout two inches from the prime conductor, the other 
end os far from it as possible, electrify the conductor, 
and the electric fluid in tiie rod will be driven to that end 
which is furthest from the cbnductor; so that one end 
will be electrified negatively, tbe other end positively, as 
will be seen by the balls. 

Expo'.6. Fix the end of a wire, having feathers at¬ 
tached to it, in the small hole which is at the end of the 
prime conductor; turn the cylinder, and the feathers, 
which arc connected with the wire by linen threads, will 
separate from each other; the fibrous and downy parts 
will become turgid, and expand in a pleasing manner, 
and in a variety of directions. 

Presi nt a metallic point, or the finger, or' any other 
conducting substance, to the feathers, die downy parts 
thereof will immediately collapse, tbe divergence of the 
feathers will cease, and they will approach each other, 
and cling round the non-cleciric body. 

The feathers separate from each other, and (end to¬ 
wards onclcctrificd bodies, from the efi'ort made by the 
electricity which is communicated to them to difi'usc itself, 
and the resistance it meets with from the air. 

Exptr. 7. Fi.x the end of the wire into the hole at the 
end of the conductor, as before, having now two pith 
balls attached, instead of the feathers; put the machine 
in action, and the two smalt balls wilt recede ftom each 
other. Bring a conducting substance within the sjihere of 
Ibeir action, and they will fiy towards it; touch the con¬ 
ductor with a noti'clcctric, and they will immediately 
come together. > 

'i'he balls do nut always diverge so much as might be 
expcclcd* from tbe action of their atmospheres, because 
they are influen^d by that of the conductor, 

'ihc balls, or feathers, will separate, &c, in the same 
manner, if they are annexed to a negative conductor. 

Bxper. 8. Present a fine thread towards an electrified 
conductor; when it is at a proper distance, it will fiy to¬ 
wards, and stick to the conductor, and convey the electric 
fiuid from it to the hand ; remove the thread to a small 
distance from the conductor, and it will fiy backwards 
and forwards with great velocity and in a very pleasing 
manner: present the same thread towards one that bangs 
from tlic conductor, they will attract and join each other. 
Bring a non-electric body, as a brass ball, near these 
threads, the ball will repel that held by tbe hand, and 
attract that which is fixed to the conductor: the upper 
thread renders the brass ball negative, and thcKforegucs 
towards it; while the under iliread, which is also nega¬ 
tive, is repelled. Let the ball be brought neap tbe lower 
part of the under one, and it will be attracted by it. The 
junction of the threads arises from the effort the electric 
fivid makes to diffuse itedf through them. 


Erper. 9. Place a square piece of leaf bra<s or silver on 
the under plate, hold this parallel to the upper one, at 
about 5 or 6 inches from ii ; turn the machine, an<l the 
leaf will then ri>e up into a vertical situation, and remain 
between the two plat- s, without touching tithc-r of theni. 
Present tt mi-tal p-ini towards the leaf, ami it will imme¬ 
diately fall down. Place a brass ball at tlie end of the 
conductor, and when the leaf of brass is suspended be¬ 
tween the plate and bull, move the plate round the ball, 
and the leaf will also move round without touching 
either plate or ball. 

Exper. 10. Place two wires directly under, and j-anillel. 
to each other; suspend one from the conductor, let the 
other communicate with the table; then a light image- 
placed between these, will, when the conductor is ciec- 
trifird, appear like a kind of electrical rope-dancer. 

Eiper. 11. Put a pointed wire into one of the holes 
which are at the end of the conductor, hold a glass 
tumbler over the point, covering it with your hands, whicli 
serve as a temporary coating; then electrify the con¬ 
ductor, and turn tlie tumbler round, that the whole in¬ 
terior surface may receive the fluid from the jioint; place 
a few pith bulls 011 the table, atid cover them with this 
glass tumbler, the balls will immediately begin to leap up 
and down as if they were animated, and will continue to 
move for a considerable time. 

Eiper. 12. Connect one end of a chain with the outside 
of a charged ja^, and h t the other end lie on the table, 
place the end of another piece of chain at about one 
quarter of an inch distant from the former; then set a 
decanter of water on these separated ends, and on making 
the discharge through the chain, the water will appear 
perfectly and beautifully luminous. 

Eiper. 13. Let any person stand on an insulated stool, 
and connect himself by a wire or chain with the prime 
conductor, atid ho will then exhibit the same appearances 
which arc observed in the conductor, and will attract 
liglit bodies, give thespark, &c, and ihusivfibrd a pleasing 
mode of diversifying every experiment. It is however 
absolutely necessary, -to the complete success of this ex¬ 
periment, that no part of the clothes touch the flooE, 
tabic, &c, and that the glass feet be carefully dried; u 
sheet of dry brown paper placed under the stool will bn 
found of cunsidcrable service, by rendering the iiisululiuo 
more complete. 

If the insulated person lay his hands on the clothes of 
one that is not so, especially if they are woollen, they 
will both feel as it were many pins pricking them, as long 
as the cylinder is in motion. 

Eiper. 14. Place the brass ball of a coated Jnr in con¬ 
tact with the prime conductor, while the outside com¬ 
municates with the table, turn the cylinder, and the 
bottle will in a little time be charged. Now to disch.irgo 
the jar, that is to restore it to its natural state, bring one 
end of a conducting substance in contact witli the m^tside 
coating, and let the other be brought near the knob of 
the jar which communicates with the inside coating, and 
a strong explosion will take place, the electric light will 
be visible, and the report very loud. Chaigc the jar 
again, then touch the outside coating with one hand, and 
the knob with the other, by which ificans the bottle will 
be discharged, and a sudden peculiar sensation will bo 
perceived, which is called the electric shock. The shock, 
when it is taken in this manner, generally affects the 
wrists, elbows, and breast; and when it is strona it re- 
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'cinbltB a universal blow. This peculiar sensation is 
probably owin;’ to the two-fi)l<l and iiistaiilniieous action 
«'! iliu i-Icctric tlfiitl, which enUrs and goes out of (he 
body, aiul tiu- \arious parts ihioiigh which it passes, at 
one and (lie saiiH* instant. It has bicn aUr> observed, 
that nature has appointed a c< rtain modific.itioii of the 
tlectric tluid in all terrestrial bodies, which we violate 
in our experiiin iiis; when this violation is small, the 
powers of nature opiTJito in a g< ntle manner, to rectify 
the disorrier we haxe introduced; hut when the deviation 
is con'-iderable, the natural |)o\vers restore toe original 
constitution with extreme violmce. 

If several persons join hands, an«l the first touches the 
outside of a charged jar, an<l the last the knob, the bottle 
will be discharged, and they will all feel the shock at the 
same instant; hut tlie greater the mimher of persons are 
that take a shock, the weaker arc its efTecis. 

Tlie force of the shock is in proportion to the quantity' 
of coated surfaces, the thinness of tlic glass, and the power 
(d llic machine ; or the eH'ect of the Ix-y<lcii phial is in¬ 
creased ill proportion as we destroy the cquilihriuin on the 
surfaces. 

EipcrAfi. A Cork ball, or an artificial spider, made 
'd burnt cork with legs of linen thread, suspended by 
silk, will play between the knobs of two buttles, one of 
which is charged positively, the other negatively, and 
will in a little time rlischargc them. 

Exprr. 16. A ball suspended on silk, and placed be¬ 
tween two brass balls, one proceeding from the outside, 
and the otIuT from the insiilc of a Leyden jar, when the 
bottle is charged, will fly from one knob to the other ;and 
by thus convi-ying the fluid from the inside to the outside 
of the bottle, will soon discharge it. 

Erper. 17. Take u glass tube, round which, at small, 
but equal distances from each other, pieces of tin-foil are 
pasted in a spiral form from end to end; this tube is in¬ 
closed in a larger one, fitted with brass caps at each end, 
which arc connected with the tin-foil of the inner tube. 
Hold one end in the hand, and apply the other near 
enough to the prime conductor to take sparks from it, a 
bctiutiful and lucid spot will then be seen at each separa¬ 
tion of the tin-foil ; which multiply, as it were, the spark 
taken from the conductor 5 for if there was no break in 
the tin-foil, the electric fluid would pass off unperccived. 

Exper. 18. 'I'q take the electric spark with a metal point, 
screw a pointed brass wire into one end of a spiral lube, 
and [yesent it to the conductor while the machine is in 
uctioff; then'a strong spark will pass between the con¬ 
ductor and the point. 

Exper, 19. Take a clean dry glass tube, of about a 
quarter of an inch bore, and insert a pointed wire in this 
tube, keep the pointed end at some distance from the end 
of the tube, at the same time let the other end be con¬ 
nected with the ground, bring the former towards the 
prime conductor, and strong aig-aag spurks, attended 
with a peculiar noise, will pass between the conductor 
and the point. 

Exper. 20. The Luminous Word. This experiment is 
exactly on tho same principles as Experinjent liw The 
word is formed by the small separations ntade in tbe* tin- 
foil, which is pasted on a piece of gloss, that is fixed in a 
frame of baked wood, having a ‘brass bull at one end. 
To make the c.Kperiment, bold the frame in the hand, 
and present the ball to the conductor, the spark received 
on Hiis will be communicated to the Un-foil, and follow 


it in all its windings, till it arrives at the hook, whence it 
is cnnveye<l to llit- grounti by a chain : ami thus the lucid 
appe.irai»ce at each break exhibits a word In characters 
of fire. 

Ei.F.CTnicAL F/uid, is a fine rare fluid which issues 
from, and surrounds, electrified bodies. 

ELr.cTiii(?AL Kile, an instrument contrived by Dr. 
Franklin, to verify liis hypothesis of the identity of eb-c- 
tricity and liglitning. It consisted of a large thin silk 
handkerchief, extmdeil andfitsnncd at the four corners 
to two slender strips of cetlar, and accommodated with a 
tail, loop, and string, so as to rise in the air like a paper 
kite. To the top of the upright stick of the cross was 
fixed a very shiir|>-|>ointed wire, rising a foul or more 
above ibo wood ; and to tlie end of the twine, next the 
band, u »ilk ribband was tied. Fmm a key suspended at 
the junction of (lie twine ancTsilk, svhen the kite is raised 
during a thunder-storm, a phini may be charg'd, and 
electric fire collected, as is usually done by means of an 
excited glass lube or globe. Phibis, Trans, vol. 47, pa.5f)5. 
or Franklin's Ixitrrs, pa. Ill and 112.—-Kites made of 
paper, covered with varnish, or with well boiled linseed 
oil, to preserve them from the rain, with a slick and cane 
bow, like tlie comm<»n oms used by boys, will answer the 
purpose extremely well, and arc very useful in rieler- 
milling the electricity of the atmosphere. Sec Con¬ 
ductor. 

E!.ectric.\l Machine, a piece of mechanism in svhich 
an electric hotly, such as glass, sulphur, resin, &c, is 
subjected to friction, in order to excite in it that power 
which is commonly known under the name of electricity. 

It would be useless to tmcc this machine through all 
its various forms and improvements, whicb the ingenuity 
and industry of philosophers have given to it; wc shall 
therefore limit ourselves to describing and exhibiting some 
of the most approved constructions, which may be enu¬ 
merated as follows. 

Description qf the most useful Electrical Afachines. 

Fig. 1, plate xi, represents Dr. Priestley's machine, 
which is a very extensively useftil one, described in his 
I listory of Electricity; in which g is the globe, or electric; 
f tho rubber; in the two pillars d, d, of baked wood, are 
several holes to receive the spindles of different globes or 
cylinders, several of which may be put on together, to in¬ 
crease the electricity: klm is the prime conductor, being a 
copper tube, supported on n stand of glaA or baked wood. 

Dr. Watson's machine, for using several globes at once, 
to accumulatcagreat quantity of electricity, is idprescntcd 

fig- 2. 

Fig. S represents a very portable electrical machine 
invenrinl by Mr.'Read, and improved by Mr. Lane, a is 
the glass cylinder, moved vertically by means of the pulley 
at the lower end of the axis, the pulley being turned by 
tbe laigc wheel B parallel to the table: there arc also se¬ 
veral pulleys, of different sizef, cithcrof which maybe used, 
according as the motion is required to be quicker or slower. 
The conductor c is furnished with points to collect the 
fluid, and is screwed to the wire of a coated jar d. The 
figure shows also the manner of applying Mr. Lane's elec¬ 
trometer to this machine. 

Electrical machines have of laic years undergone some 
very essential alterations and improvements; both from 
the suggestions of private electricians, and the inventions 
of Messrs. Adams, Nairne, and Jones, instrument-makers 
in London; some of which are as follow: 
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Fig. -4 roprcseiUs S very convejuient machine for praciice. 
The frame of this machine cousisis of the bouoni Uo»rd 
abcd; which, \>hen the tnacliinc is use d, must be fasten¬ 
ed to the table by two metal cramps, zv arc (wo rotiiul 
pillars, of baked wood, which support the cylinder G by 
the axles of the bniss or wooden caps u, turned sometimes 
by a simple winch i, and sometimes by a pulley un<l wheel, 
as in the next fig. The rubbe*r is fixed to a glass pdlar k, 
wliicb is fastened to a wooden basis t at (he bottom. The 
conductor x is usually made of brass or tin japanned, and 
is insululod'by a glass pillar, screwed into a wooden basis 
or foot, must conveniently placed parallel to the cylinder. 

Fig. 5 represents an electrical nmehine, with a con¬ 
ductor in the shape of a t ; and an improved medical ap* 
pamtus, where it is necessary to pVvo the shock in the arnu, 
or any other particular part of the b<idy. 

Fig. 6 shows Mr. Nairne's patent machine for medical 
purposes. Its glass cylinder is about 7 inches in diame¬ 
ter, and 12 long, with two conductors parallel to it. 'Flic 
rubbiT is fastened to the conductor u; and consists of a 
cushion pf leather stutled, liaving a piece of silk glued to 
its under part. The conductors aie mn<le of (in, and co¬ 
vered with black lacker, each of them containing u large 
Coated gloss jar, and likewise a smaller one, or a coated 
lube, which are visible when the caps s n are removed. 
To each conductor is /ixed a ktioh o, the occasional 
suspension of a chain to produce positive or negative elec¬ 
tricity. That part of (hevvdiich C which acts as a lever in 
turning the cylinder, is of gUss. Tims every part of (he 
machine is insulated, (ho cylinder itself and its brass caps 
not excepted; by which means very little of the electri¬ 
city is dissipated,and hence of course the effects arc likely 
to be the more powerful: the inventor has also adapted to 
this machine some flexible conducting joints, a discharging 
electrometer,&c, for the practice of medical electricity. 

The largcielectrical machine placer! in Teyler s Museum 
at Harlem, was constructed by Mr. John Cuthbertson, an 
English instrument-maker; and it has, for the electric, two 
glass plates of 6’5 inches dtameter, made of French glass, 
as this is found to produce the most electricity next to 
English flint glass, vvliich could not be made of asuflicient 
size; these plates are sot on the same horizontal axis, at the 
distance of 7i*inches, and arc excited by 8 rubbers, each 
inches long; and both sides of the plates are covered 
with a resipous substance to the distonce of 1()| inches 
from thcccnirt^ both to strengthen the plates, and to pre¬ 
vent any electricity from being carried off by the axis. Its 
battery of jars contains 225 square feet of coated surface, 
and its effects arc astonishingly great; as a proof of which 
wc mention the following particulars: The sensation com¬ 
monly called the spidcFs web, when this machine is in 
action, is felt by the by-stand^s at the distance of 8 
feet from (he prime conductor. A thread 0 feet long, 
suspc&dcd perpendicularly, was sensibly attracted by the 
prime conductor at the distance of 38 feet, and a pointed 
wire presented to the prime conducj(or appeared luminous 
even at the distance of 26 feet. A single spark from (he 
prime conductor melted a considerable length of gold leaf. 
And a tA'ydeo phial, containing about a square foot of 
coated surface, was fully charged by about half a revolu- 
(ion of the plates, so as to diitcbargc iuclf; and by repeated 
trials it was found (bat, in one minute’s time, this pliial 
discharged itself 70f 78, and frequently even 80 times in a 
minute* Having thus described the electrical machines of 
the most approved comtructioo, it only remains to add 


some general and practical directions necessary to Ijc ob¬ 
served for the preservation and ]>roper management of 
them, in making experiments. 

Moisture and dust, but particularly the former, Uing 
detrimental to the power of an electrical machine, it be- 
come> necessary to guard against both, as much as may be 
practicable; hence when not actually in use, (he machine 
sliould be kept in a dry and clean place, and at least the 
glass part of it should not be suffered to remain dirty and 
soiled. If it has been long neglected, the operator, in or¬ 
der to render it ready for use, must, in the first place, u- 
move (he rubber; he must then place the machine at a 
moderate distance from the fire, so as to under every parr 
ot it perJcctly dry, but not loo warm. T his done, and the 
dust removed, the glass pan must be repeatedly rubbed 
with a clean and warm hand kerchief, or towel; the rubbt r 
likewise must be chnincd, removing all the old amalgam 
that may Inive atllirred to it. The glass plate, or cvltu- 
dcr, in its rotation frequently contracts somedurk spots 
concretions on its vurlace, which tend to diminish 
jiou'er, and which must therefore be removed. Previously 
to replacing the rubber, the following operation generally 
contributes towards increasing the excitation. It consists 
in toucldng the cylinder vvitli the bottom of a tallow can¬ 
dle, in streaks pHrullel to the axis of the cylioiler, then 
rub the cylinder again with a dry warm linen cloth, taking 
Care that this clotii be not very old, for in that case it is 
apt to leave filaments about the glass and about the rest of 
(he machine. 1'his done, the rubber is iixed in its place, 
and its supporter beiim properly adjusted as to pressure, as 
also a chain suspended from (he rubber, connecting it with 
the floor ol the room, then tiu* m acid no is ready for opera¬ 
tion, exce|>t the application of the amalgam, in which the 
following directions must be observed. 

Formerly the ainulguiii was spread upon the rubbcT; but 
rx|>orieucc hns shown that it is muck better for it to bo 
lixed clean in its place, ami then to apply the amalgam 
upon a piece of leather, to (he surface of the cylinder, 
while this is revolving in its usual din<lion; for by this 
means the revolution of the plate or cylinder will carry 
from (he leather a suflicient quantity of the amalgam, and 
will deposit it upon the rubber. Tlic leather with the 
amalgam need not be applied longer than the cylinder 
makes 10 or 12 revolutions, moving the Icutber at tbc same 
time, backward and forward, from one end of tbc cylinder 
to the other, in order that theomalgnm may be equally dis¬ 
tributed. Now' if the cylinder be turned, and a hand or 
the ends of the Angers be presented to it, a cruckliii| noise, 
which is accompanied with luminous brushes and dense 
sparks of the electric Arc, will be observed, particularly in 
a dark room, wliicli appearances indicate that the ma¬ 
chine is in good action; then, the prime conductor being 
situated'in its proper place, you may proceed to perform 
the experiments. During the performance of which, the 
clectriAed part of the machine is apt to attract dust from 
all quarters, which the operator must guard against as 
much as possible, by frequently wiping those parts with a 
clean and perfectly dry cloth, or silk handkerchief. 

1 he amalgam which wc have mentioned above is gene¬ 
rally composed of i part of zinc, and 4 or 5 parts of 

quicksilver,wbicharcemalgainatcdintbcfulIowing manner. 

I^l the quicksilver bo heated to about the degreo of boiU 
ing water; then, the zinc being already molted in a cru¬ 
cible, pour the quicksilver Arst into a wooden box, and 
immediately after the melted zinc. Then shut the box. 
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.in<l ^linko it lor ulxnit Inill a iniruitc. After you nni^t 
uiuc till the aiimigurn h qiiiti* colO, to* lUMrly so, wikco 
may mix sonio i;rra-<f \\Jih it by triturnlion. If luc 
ikjiitcil zinc be potired into the quick<^ilvcr when cold, •x 
wry small [lortiou of the former will be arnalgamatid, the 
rernainiii^^ in lumps of diftcrent sizes. 

'rhe above is the meilioil recommended by M. Cavallo, 
but Mr. Cuthbertson gives the following directions for pro* 
|>aring ainalgani. 'l ake one part of tin and zinc, melt (hem 
ni it crucible, and pour them on l\su parts of mercury, 
wbicli j)ut into a wooden bos made for the purpose ; 
and shake the b*>x till tlio metals arc cold. 'I he amalgam 
Is then to he pulvcrijed in a metal moruir to a very line 
powder, and atterwards mised with a suilictcnt quantity of 
ht'gb^Iard, to make a into a pa&tc. 

Kl.ECTajCAL F/iial. See Li:yi)i:v P/nal. 

I'.hLCT me A L R'ihber^ See Llkctuica L--i/Y)^ra/ur,and 
Elkctuicai. Machine. 

Klp.ctiucal 6’AocA*, is the sudden explosion between the 
(opposite sidis of a charge^! electric; v> called because if 
(he di>c>iarge l>o made through (iic body of an animal, it 
occasions u su<ld< ti motion by the contraction of )hc inus* 
clcs tlirough which it passes, accompanied with a disaercc- 
able sensation. The force of this shock is proportioned to 
tlic quantity of coaled surface, the thinness of the glass, 
and (he power of the machine by wdiich it is charged. Its 
velocity is alm<isl instantaneous, and it has not been found 
to take up the least sensible lime in passing to the greatest 
distances. 

It has however been observed that the c4rctrical shock 
is weakened by being communiculcd through several per¬ 
sons in contact with one another. Indeod^it is obstructed 
in its passage, even through the best conductors, as it will 
prefer a short passage through the air to a long one through 
the most perfect conductors; and if the circuit be inter¬ 
rupter!, either by electrics, or very imperfect conductors 
of a moderate tiuckncfis, the shock will rend them in its 
passage, disperse them in every direction, and exhibit the 
appe arance of a sudden c.xpaiuion of the air about the cen¬ 
tre of the shock. A strong shock made to pass through or 
over the belly of a muscle, forces it to contract; and sent 
through a small animal body, deprives it instantly of life, 
and hastens putrefaction. It gives polarity to magnetic 
needles, reverses their poles, and produces effects precisely 
similar, though inferior in degree, to (hose of lightning. 

Electrical Star, See Star. 

ELECTUICITY, or Et.ectrical Force^ is that power 
or property, which was first observed in amber, the lyneu- 
rkiin, or.tourmalin, and which sealing-wax, glass, and a 
variety of other substances, called electrics, arc now known 
to pAess, of attracting light bodies, when excited by heat 
or friction; and which is also capable of being communi¬ 
cated in particular circumstances to other bodies. 

Electricity also denotes the science, or that part of 
natural philosophy, which proposes to investigate the nature 
and effects of this power. J'rom ijXrxTfov, Uie Greek name 
for amber, is derived the term •electricity, which is now 
very extensively applied, not only to the power of attracting 
light bodies inherent in ambett but to other similar powers, 
and their various effects, in whatever bodies they reside, or 
to whatever bodies they may be communicated. Muschen- 
brock and iEpinus have observed a considerable analogy, 
u) a variety of particulars, between the powers of electri¬ 
city and mognetism; and they have also pointed out many 
^instances in which they differ. 
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Ifislory of ELtCTRiciTT.— The property which am- 
her po^5cs<;cs of nttraciing Ugcit bodies, was ol»or*c«l by 
Tiiales of Miletus, dOO years Ufore Chn»t, «ho concluded 
from hence (hat it was animated. Bui the first person who 
expressly mentioned this substance, wa- Throphiastus, 
about ycK) years before Christ. 'Hu att.active property 
of amber is also occasionally notice') by Bliny. and olh.r 
naturalists, particular!) Gassendus.Sit Kern In, I>i^by, and 
Sir Thos. Brown. But it was generally apprehended that 
this quality was peculiar to amber and jet. and [>erbapi 
agate, till Dr. Gilbert, a native of Colchester, and a phy- 
sictun in London, published hi' treatise Do Magnete, m th« 
year ICOO. Dr. Gilbert made many considerable e.xpcti- 
inents and discoveries, considering tttc then infant state of 
the science. He enlarged the list both of electrics, and 
of the bodies on which they act; and remarked, that a 
dryairwas most favourable to electrical Appcaiancc',while 
a moist air almost annihilates the electric virtue: h'' alto 
observed (he conical figure assumed by electrified drops of 
water. He considered electrical aitniction sepai.itdy from 
repulsion, which he th«»ught had no place in-eleciricity,as 
n pheiioinenoii similar to the attraction of cuhesiuii, and he 
imagineil, that electrics were brought into contact with the 
bodies on whicli llicy act by their cflluvta, excited by fric¬ 
tion. 

1 lie ingenious Mr. Boyle added to the catalogue of elec¬ 
tric substances; but he thought that glass possessed this 
power in a very low degree: lie found, that the electricity 
of all bodies, in which it might be excited, was increased 
hy wiping and warming them before they were rubbed; 
that an excited electric wos acted on by other bodies as 
strongly os it acted upon them: that diamonds rubbed 
against any kind of stuff, emitted light in the dark; and 
that feathers would cling to the lingers, and to other subr 
stances, after they had been attracted by electric,. He ac¬ 
counted forelccuical attraction, by supposing a glutinous 
effluvia emitted from clccirics, which laid hold of small 
bodies, in its way, and carried them buck to the body from 
which it proceeded. 

OttoGucricke, the celebrated inventor of the air-pump, 
lived about llic same lime. This ingenious philosopher 
discovered, by means of a globe of sulphur, that a body 
once attracted by an electric, was next repelled, and that 
it continued in this state of repulsion till it was touched ‘ 
by some other body; he also observed the souna and 
light produced By the excitation of bis globe; ai/d that 
bodies immerged in electrical atmospheres are tbenselves 
electrified, with an electricity opposite to that of the at¬ 
mosphere. 

The light emitted by electrical bodies was, soon-auer, 
observed to much greater advantage by Dr. Wall, who 
ascribes the light to tha electrical property which they 
possess; and he suggests a similarity between the effects of 
electricity and lightning. 

Sir Isaac Newton was not inattentive to this subject: he 
observed that excited glass attracted light bodies on the 
side opposite to that on which it was rubbed; and be 
ascribed the action of electric bodies to an elastic fluids 
which freely penetrates glass, and the emission of it to the 
vibratory motions of the parts of excited bodies. 

Mr. Hawksbee wrote on this subject in the year 1709. 
when a new mra commenced in the history of this science. 
He first took notice of the great electrical-powcr of glass, 
and the light proceeding from it; though others had be- 
.fore observed.the light proceeding from other electrified 
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substances : he also noted ilie noise oocnsioned by it^ with 
a variety of pbcnonieim relating to clectricHl attraction 
and repulsion. He tirst intrcduco<l a glass globe into the 
electrical apparatus, to uhich ciicuni>t;uice many of his 
important discoveries may be attributed. 

After his time there was an interval of near 20 years in 
the progress of this science, till Mr. Stephen Grey eslab- 
lisHed a new tera in tlic history of electricity. '1 o him we 
owe the important di>covery of coininunicating the power 
ot native electrics to other bodice, in whic h it cannot be 
excited, by su[)porting them on silken lines, hair )ine.S) 
cakes ot nsin or glass; and also a more accuniie distinc* 
tJon than had hitherto been made hecwcoii dectrics and 
non-cleCtrics: he likewise showed the ifl’ect of electricity 
on water much more obviously than GiltHTl had done in 
tbc infancy ot this science. 

The expenmeiusof Mr. Grey were repeateil by M. du 
Fay, mcinler ol the Academy of Sciences at Paris,to which 
ho added many new experiments and discoveries of his 
own* He obai ived, that electrical operations Hroobstruct- 
cd by groat heat, as well as by a rnotsl air; that all bodies, 
both solid and fluid, would reccivcelecii icity, wlim placed 
on warm or dry glass, or sealing-wax; that those bodies 
which are naturally the feast electric, have the greatest 
degrw of electricity communicated to lliern by the ap¬ 
proach of the excited tube. He transmitted the electric, 
virtue through ^ disUincc of 1256 feet; and first observed 
the electric spark from a living body, suspended on silken 
lines, ond noted several circumstance's attending it. M. 
dll Fay also establishfd a principle, first suggested by Otto 
Guericke, that electric bodies attract all those that are 
not so, and repel them as soon as they arc become elec¬ 
tric, by the vicinity or contact of the electric body. He 
likewise inferred from other cx]>erimcnts, that there were 
two kinds of electricity; one of which he cullcil the vitreous, 
belonging to glass, rock crystal,&c; and tbc other resinous, 
as that of amber, gum*Iac, &c, which arc distinguished by 
their repelling lho>c of tbc same kind, and attmeting each 
other. He further observed, that communicated electri¬ 
city had the same property as the excited; and that elec¬ 
tric substances attract the dew more than conductors. 

Mr. Grey, resuming his experiments in 1734, suspended 
Bcverul pieces of metal on silken lines, and foond that by 
electrifying them they gave sparks; which was the origin 
of metallic conductors: and on this occasion he discovered 
a cone or pencil of electric light, such ns is now known 
*to issue from an electrified point. And from other ex¬ 
periments be concluded that the electric power seems to 
be of (he same nature with that of thunder and lightning. 

Dr. Di-saguliers succeeded Mr. Grey in the prosccutio'n 
of this branch of j>liilosopliy. The account of his first 
experiments is dated in 1739, and to him wc owe those 
technical terms of conductors or nun-electrics,and electrics 
* pcrs<;: be also first ranked pure airamong the electrics per 
sc, and supposed its electricity to be of tbc vitreous kind. 

After the year 1742, in which Dr. Desaguliers con¬ 
cluded bis experiments, the subject was taken up and pur¬ 
sued in Germany; the globe was substituted for the tube, 
which had been used ever since the time of Hawksbee, 
end a cusl^ion was soon after used as a rubber, instead of 
the band ; it was also about this time that cylinders be¬ 
gan to be used instead of (he globes; and some of the 
German clectriciaDS made use of many globes at the same 
®y thus increasing the electrical power, they were 
ibe first who succeeded in siting fire to loflammablo sub¬ 


stances: which was first done by-Dr. Ludolf, in rhe be¬ 
ginning of the year 1744, who, with sparks cxciicd bv the 
friction of a glass tube, kifullrd (he elh(Teal spirit of f'ru- 
benius. Winkler did tlie saiin by a spark from his own 
linger, by which he kindled Tremh brandy, and other 
spirits, after previou^I) lie iiin^ iln in. Mr. Gralath fireu 
the smoke of a candle jnst blown out, and so lighted it 
again; and Mr. Bozo find L’Ui>pow<P r. by means ofitsin- 
flamnublc vapour. It nj* uls<» at ibi^ time Ludolf tbc 
younger demonstrated, tb..l ibi Ino.inc ns biinimeier was 
made perfectly electrical b) Hk* inoiic n ol (he ijuick^ihcr. 
*rhe electrical star and eleciriCH) b^ lls were also of Ger¬ 
man invention. 

From this period Dr. Watsonconsidcrably distinguished 
himsell in (he pursuit of this science ; In fired a variety of 
substances by the electrical spark,an<l first discovered that 
they are capable of being find b^ the repulsive power of 
electricity. In (hey<wr 1/45, ilie Htxuinulation of tiu* 
electrical power in glass, ly nu jn> ol the I eyden phial, 
was first discovered, bee Ltv dkn Phiu!: and lor the me¬ 
thod practised about this tiin**, of mcHsunng the* distance 
to which the eicctrica) shock may he coij\<<)ed, sec £/cc- 
trica/ CiRCU IT. Dr. Wulson discovered that the glass 
tubt*$ and globes do not co.daui the electric matter in 
(heniselves, but only serve as fif'-l-movers or determiner^, 
as he expresses it, of that power; whicli was also con- 
firnted towards the end of i746, by Mr. Benjauiin Wilson, 
who made the same discr»vet v, that the electric fluid doi^s 
notcenne from tlie globe, hm from the eanh,ami oilu r non¬ 
electric bodies about the appanit us. Dr. Wiitsoii alsod.s^ 
covered wl>al Dr. Franklin observed about the same time 
in America, and’ called the plus and minus electricity. 
He likewise showed that theeh ctricmatter [massed through 
tlic substance of the metal of coiniuunicuiion, and not 
merely over Uic surface. The history of medical electri¬ 
city conimencerl in the year 1/47 ; but we are under the 
necessity of omitting many experiments, and conclusions 
drawn from thorn, by Mr. Wilson, Mr. Smeaton, and Dr. 
Miles in England, and by the Abb£ Nollet, with regani 
to the effect of electricity on the evaporation of fluid«i, on 
solids; and on animal and other oi^unizcd bodu*$, in 
France. 

While the philosophers of Europe were busily emploved 
in electrical experiments and pursuits, those of America, 
and Dr. Franklin in partitAilar, wore cquHlIy industrious, 
and no less successful. His discoveries and <>bs(Tvati<m^ 
in electricity were communicated in several letteis to a 
friend ; the first of which is dated in 1747, and the lust 
in 1754; the particulars of bis system may be seen under 
the articles, Theory qf Ei.ectiiicitt. Lf.Yonx Hud 
Points, Charging, Conductors, Electrics, &t. * 

The similarity between electricity and lightning bad 
been suggested by several writers: and Dr. Franklin first 
proposed a method of bringing the matter to the test of 
experiment, by raising an electrical kite; by which means 
hesuceceded in collecting electrical fire from the clouds, 
in 1752, one month after the same theory had had been 
verified in 1*ranee, ond without knowing wliat had been 
done there : ond to him we owe the practical application 
of this discovery, in securing buildings from the damage 
of lightning, by erecting metallic conductors. See Con- 
DucroRs, and Lightning. ’ 

In the subsequent period of the history of electricity, 
Mr. Canton in England, ond Signior Uccearia in Itulv, 
acquired distinguished reputation. They both discovered, 
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in<K ppiulonliy of other, tlial nir in cflpahlc of rccciv* 
i(»^ rkciricuy hy communication, and of rctaininjs it when 
received. >ir. Canton also, tuwanU the latter tmd of the 
Milk' I 7 .V', piMNued a senesot cperinicuts, ^vhic^ prosed 
iliat ili< apl)r^^^^ncc^ of positive and nctiative cdcctricily, 
uliu li had liitlterto been ilcenied essential and luiclmn^te 
aide properiii s i>\ dit)er4*nt substances, ns ol ebiss and seal^ 
iw’^-w AX lor instaruc, <io[)ehd on the surfaccMd tliu electrics, 
and (bat of the rublicr. 'Tins ii} polhesis, verilietl by im- 
nn rolls experimimts, occasioned a controversy l>etivcen 
Mr. Canton and Mr. Delaval, who still maintained that 
these <lifrerem powers de|)ended entirely on the substances 
tliomselies. About this lime also some curious experi- 
inents were pei fortnc d by four oflhcprincipal electricians 
of that period, viz. Dr* rratiklin, and Messrs. Canton, 
Wiicke, and /Cpinus, to ascertain the nature of electric at- 
inosplieres ; the resultofwhich see under that article* The 
theory of two electric fluids, always co-cxistent and coun- 
teiactineouoh other, thougli not absolutely independent, 
was iiijiinluined by a course of experiments on silk stock¬ 
ings of <liflerimi colours, cummuhicated to the Royal So¬ 
ciety by Mr. Syniinor, in the year 1759, which were 
farther pursuetl by Mr. Cigna of Turin, who published an 
nccouni of them in the Memoirs of ihe Academy at Turin 
for the year I7f>5« 

Many instances occur in the history of the science 
about this time, of the iLstonishiog force of the electric 
sliock, in melting wires, and producing other similar ct- 
f(*cts: lull the most remarkable is an experiment of S. 
Rcccaria,in which ho thus revivified melais. Several cx- 
jicriincnts wcrAlso made by Ur. Watson, Mr. Sincaton, 
Mr. Canton, and others, on the passage of the electric fluid 
through a vacuum, and its Itiminous appearance, and ou 
the power possessed by certain substances of retaining the 
light communicaud to them by an electric explosion. Mr. 
Canton, S. Beccaria, ami others, made many experiments 
to identify electricity and lightning, to ascertain the state 
of the atmosphere at different times, and to explain the 
various phenomena of the aurora borealis, water-spouts, 
hurricanes, &c. on the principles of this science. 

'I hose who are desirous of farther information with rc- 
s))ccl to the history of electrical cxpcrimcnls and disco¬ 
veries, may consult Ur, Pricstley^s History and Present 
State of Klcctricity- I his author however, is not merely 
an historian : his work contains many original experiments 
and discoveries made hy himself. He ascertained the 
conducting power of charcoal and of hoi glass, the elec¬ 
tricity of fixed and inflammable air, and of oil; the dif- 
fiTcnco between nesv and old glass, with respect to the 
diffusion of electricity over its surface; the lateral expio* 
Moii in electrical discharges; a new method of fixing cir- 
cuInr-co)cured spots on the surfaces of metals, and the 
most probable diffcrcncabetween electrics and conductors, 
The science is also grently indebted to many other 
persons, cither for their experiments and improvements 
in it, or for treatises and other writings upon it; as Mr. 
Henley, to whom we owe several curious expariments and 
observations on the electrical and conducting quality of 
different substances, as chocolate, vapour, &c, with the 
reason of the difference between thcTo ; the fusion of pla- 
tiiia ; the nature of the electric fluid, and its course in h 
discharge; the method of estimating the quantity of it in 
electrical bodies by an electrometer; the influence of 
points ; &c, &:c. Also Messrs. Van Marum, VanSwinden, 
Ferguson, Cavallo, Lord Mahon, Nairne, &c, &c, for 


their several treatises on the subject of electricity, any of 
which may lie consulted with advantage for the experi¬ 
ments anil principles of the science. 

McJtcal Electricitt. It is natural to imagine that 
a pow<T of such efficacy as that of electricity would soon 
be applied to medical purposi*s; especially, since it has 
been found invariably to increase the sensible perspira¬ 
tion, to quicken the circulation of the blood, and to pro¬ 
mote the glandularsccrction : accordingly, many instances 
occur in the latter period of the history of this science, in 
which it has been applied with considerable advantage 
and success. And among the variety of cases In which it 
has been tried, there are none where it has been found pre¬ 
judicial, except those of pregnancy and the venereal dis¬ 
ease; In mf»st disorders, in which it bos been used with 
perseverance, it has given at least a temporary and partial 
relief, and in many it has effected a complete cure. Nu¬ 
merous instances of this kind may be seen in the Philos. 
Trans., and the writings on this science by Messrs. Loveli 
Wcstlcy, Fc rgusnn, Cavallo, &c, &c. 

Theory of Electricity. It is hnrdly necessary to rc^ 
cite the ancient hypotheses on this subject; such as that 
of the sympathetic powder t>f the PiTipatetics; that of 
unctuous etiliiMa oiuiued by excited bodiev, and icturn- 
iiig to tlieni again, ndoptc<i by Gilbert, Gus^fcilus, ^^ir 
Kenelm Ut^by, ^c; or tbnluf the Cartesians, who ascribed 
electricity to the globules of the first elements, discharged 
thropgli the pores of the rubbed substance, and in their 
return carrying with them those light bodies, in whose 
pores they were entangled: these hypotheses were framed 
in the infancy, not only of this science, but of philosophy 
in genera], and have long since been deservedly exploded. 
In the more advanced state of electricity there have been 
two principal theories, each of w bich has had its a<lvo- 
CHtes. The one, is that of two distinct electric fluids, re¬ 
pulsive with rttpect to ihcjnsclves, and attractive uf one 
another, udopflB by M. du Fey> on discovjering the two 
opposite species of electricity, viz, the vitreous and rev 
sinous, and since ncw-modcllcd by Mr. Symmer. It is 
supposed that these two fluids are equally attracted by all 
bodies, and exist in intimate union in their pores; and that 
in this stale they exhibit no mark of their existence. But 
that the irictioD of an electric by a rubber separates these 
fluids, and causes the vitreous electricity of the rubber to 
pass to the electric, and then to the priino conductor of a 
machine, while the resinous electricity of the conductor 
and electric is conveyed to the rubber: and thus the 
quality of the electric fluid, pusso«sed by the conductor 
and the rubber, is changed, while the quantity remains the 
same in each. In this slate of separation, the two electric 
fluids will exert their respective powers; and any num¬ 
ber of bodies charged with either uf them will repel Txch 
other, attract those bodies that have less uf each parti¬ 
cular fluid than themsclver, and be still more attracted by 
bodies that arc wholly destitute of it, or (hat are om- 
charged with the contrary. According to this theory, the 
electric spark mokes a double current; one fluid passing 
to an electrified conductor from any substance presented 
to it, while the same quantity of the other fluid pasKS 
from it; and when each body receives its natural .quantity 
of both fluids, the balance of the two powers is rcitqrcd, 
and both bodies arc unclcclrified. For a farther account 
of the explication of some of the principal phenomena of 
electricity by ibis theory, see Dt. Priestley's History, 
voL 2,4 3* * « 
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The other theory is commonly Oistinfiui>he<l under the 
<lcnomi nation of positive and negative <fcc/#iciVy, being first 
5 iiggCbtc<l by Dr. \\’alson, but (Jigcstccl, illustrated, and 
confirmed by Dr. Franklin; and since that it hiis been 
knovni by the appellation of the Franklininn hypothesis. 
It is here supptiscd (liatall llu‘ phenomena of dcctriciiy 
. depend on one fluid, sui gcnoiis, extreinciv subtile an<l 
clastic, dispersed through the pores of all bu(fio*i, by which 
the particles of it arc as strongly attracted as itjey are re^ 
pclled by one another. When botlies poj^c*ss their natu¬ 
ral share of this tluid, or such a quantity as they can re¬ 
tain by their non-attraction, it is then said tiiey are in an 
unclectrified ^rate ; but when the eciuilihriuiu is disturbed, 
and they either acquire an additional quantity from ollnr 
bodies, or lose purl of their own natural share by coiuiuu- 
nication /o other bodies, they exhibit electrical appear¬ 
ances* In the former ease it is said they urc electrified 
positively, or plus ; and in the other ncgauiely, oriuinus. 
*Ihis electric fluid, it is supposed, moves with great case 
in those bodies that arc called comluctursi hut with ex¬ 
treme diiliculty and slowness in the pores of t lectric>; 
whence it imjipens, that all electrics arc im|Krmeablc to 
it. It is turihcr supposed that cleclncs contain always an 
equal quantity of this fluid, so that there can be no sur¬ 
charge or increase on one side, without a proportionate de¬ 
crease or loss on the other, and vice versa; and as the 
electric does nut admit the passage of the fluid through 
'its pores, there will bean accumulation on one side, and a 
Corresponding deficiency on the other. Thus when both 
sides are connected together by proper contiuctors, the 
equilibrium will be restored by the rushing of the redun¬ 
dant fluid from the ovcrchargetl surface to the exhausted 
one* Ihus also, it an electric be rubbed by u conduct¬ 
ing substance, the electricity is only conv<ye<l from one to 
the other, the one giving what the other receives; and if 
one be electrified positively, the otlier will be electrified 
negatively, unless tlie loss be supplie<l by other bodies 
connected with it, as in the ease of the elccliic and insu¬ 
lated rubber ol a machine. ']1iis theory serves likewise 
to illustrate the other phenomena and operations in the 
science of electricity. Thus, bodies difTcrenlly electrified 
will naturally attract each other, till they mutually give 
and receive an ecjuul quantity of the electric fluid, and the 
C({uilibriuin is restored between them. Ueccaria sup¬ 
poses, that this clfcci is pnidiiced by the 'electric mutter 
making a vacuum in iu passage, and the cemtiguous air 
afierwurtls Cullap^iiig, und so pushing the bodies togc- 
ihcf. 

The infliu nce of points; in drawing or throwing olT the 
electric fluid, depends on the less resistance it finds to en¬ 
ter or pass off through fewer partichs than through a 
greater iiuml>er, wIiom' resi'-tance is united ni fiat or nuiinl 
surfaces. ‘Hu* electric bghl is supposed to be |Mrt of the 
electric fluid, which appears when it is properly agitatc<l; 
and the $4jund ol an explos'on is pro<luccd by vibrations, 
occasioned by rlic air's boing diqilaccd by the electric 
fluid, and again suddtuly col lapsing. ' 

^ io the iiattirc of the electric (luicl, phllosoplu'i^ have 
entertained very diflVrcnt sentiments: some, and among 
them Mr. Wilton, have supposed that it is the same wiili 
the ether of Sir Uanc Newton, to wtdeh (he phenomena 
nf attraction and repuUion are ascribed; while the light, 
itri'dl, and otlier sensible qualities of it, ure n fcrrcd to the 
M grosser particles of bodies, driveJi from them by the forci¬ 
ble niijon of this ether; and olbti appearances arc ex- 
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plained by means of a subtile medium ditTusrd o\(r ih^* 
surfaces of all bodies, and resisting the entrance ai\d vxit 
of thcctlier; whicli ujcdium, it is supposed, is the sam<* 
w ith tlie electric lluid, and is more lare on the surfaci ^ of 
conductors, and more flense and resisting on those ol ^ 
trics : but Dr. Pricdthy leinarks (hut. though tliey may 
possess some common propellus, they have others v‘s>en- 
tinlly distinct; the etlier is repelled by all other rnatuu, 
whereas the electric fluid is stioUglv attracted by u. 
Others have had recoprvu to the element ol lire; and 
from the'•tipjiosed ideiftity of fire and the electric fluid, 
as well as from (he similurity of some of rlu ir ofl(.cts, ila> 
latter lias been iisunll) called (he electric fire: but must 
elcctucians have supposed that it i$ a fluid sui geiu n>. 
.Mr. Cavendish has published an attempt to deduce* and 
explain scune of the principal plKiiomena of electixiiv m 
a matliematical ami systematic luunner, fr un the n a line 
of this fluid, considered as ce>nipose(l of particKs th.'it rr- 
])e) each other, and attract the particles ot all oiljer mat¬ 
ter, with a force inversely as some less power ul tin* tli- 
stance than the cube, while iIk' paitides of all nthei ma ¬ 
ter repel each other, and attruci those of liie electric lluiu. 
according to the same law. Philos, d ums. voi. 61, pu..^M. 
—b67* And asinidar hypothesis and nntliod ol reason¬ 
ing was also pioposed by M. .L])mn>, in Ills 'I uautm n 
'I'heoria: EIcctricitatis el .Magnelismi. 

Dr. Priestley coiicludts, from expi rijnenls which he 
made, that the electric matter either i> phlogiston, or con¬ 
tains i(, since he found that both produced similar cdects. 
And Mr. Henley also apprehends, that the i iectnc tluid 
is a modifioation of that element, which, in its quiescent 
state, is called phlogiston; in its fii'st active stutc, chctii- 
city; and when violently agitated, tiro. Perlinps we muv 
be aUoive<l to enlarge our views, and consider tiic sun us 
llic fountain ot the electric fluid, and the zodiacal ligiit, 
the tails ol comet', the aurora borealis, lightning, and ur- 
lificiai chciricity, as its various and not very dissimilar 
modification''. On (his subject, see PrestKy's Hist, of 
Flcctr. vol. part 3, § 1, 2, J ; W ilsoiFs ilssay towards 
an Explication of the PbenoiiuMia of Electricity, 6:c ; W il¬ 
son and Iloadley's Ubs. £cc, pa. 55, 1/59; Fieke's l.ssay 
on the Cause of Electricity, 1746 ; Piiesiley i>i} vol. 1, 
pu. 180,274, &c; Philos. Trans, vol. 67, pu* I2y; Kulcs's 
LcUifs, on the same subject; and Cav.illo's i:lUctiicity. 

ELECTROMETER, is on instrument tiiut measures the 
quantity, and dcrcrinincs the quality of electricity, in any 
elcclrilietl body. Previous to the invention of inslrumcnis 
of this kind, Mr. Canton estimated the quantity of elec¬ 
tricity in a charged phial, by prescnimg the phial with 
one hand to an insulated conductor, and giving it u spark, 
which he took oJVwiilrihe other ; proceeding in this man¬ 
ner till the phial was dischuiged, vv}h*ii he detcrmiiual the 
height of the charge by the'’number of sparks. Electro¬ 
meters arc of various kinds: a^ l, the sin:;le thread ; 2, 
the c<irk or pith balls; 3, the quadrant; iiiul 4, ine dis¬ 
charging electrometer, 

The 1st, or most simple .eh cinuuiier, is a linen tliirud, 
called by Dr. Desaguliei's, the threud oj'ivuit; which, be¬ 
ing brought near an electrified body, is Ultracted by it: 
but this does little moiv than determine whether the body 
is in any degree electrified or not; without dcterjuitiing 
with nny precisiun its quantity, much less the quality of 
it. The Abbi Nollet used two thieads, showing the de¬ 
gree of electricity b^* the angle of th.eir divergency exhi¬ 
bited in their shadow on a board placed behind llicnu 
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Mr. cKctrnmetcr comi^Ccd of two halls of 

corkf or pith of i hh r, about iUv of a small pea, suv 
pended by fine lincit titn ads, about () inches long, winch 
niay be weKc<l it) a weak solution of ^alt. (^e fig. 7-) If 
iJh br<\ containing tlic^o halls be insulatcnl, by placing it 
t II a drinking-glass, ^c, and an exc'iu d smooth glass lube 
I <• brought heal them, they svdl first be attracted by it, 
.•4d tin n be Imth repelled, from the glass, and from each 
c il*er ; but it ^ \citi d wax be upplieil to them, they will 
gniduully approach and come it»g< tbcr; and vice versa.^ 
i Ins apparatus will nho se rve to tlotermine the electricity 
<1 (he clouds and air, by bolding them at a sufficient di* 
stance from buildings, trees, cVe ; for if the electricity <if 
the clouds or air lx* poHitive, ihcir mutual repulsion will 
increase bv the approach of excited glass, or dc*creosc by 
the nppronclt (d amber or sixiling-^wnx; and on the con* 
trary, if it be negative, their repulsion will be diminished 
t^y llie former, and increased by the latter. See Philos, 
J'lansaei. vol. 48, part 1 anti 2, for nn account of Mr. 

s cunous experiments with this apparatus. If 
tv\o balls of this kind be annexed to a prime conductor, 

I bey will serve to dctorniine both the degree and quality 
of its electr ilicatitm, by llieir mutual repulsion and diver* 
gency. 

'Hie Discharging Electrometer (fig. 3, plate xi.) was in¬ 
vented by M\. Lane. It consists of brass work o, the 
lower part of which enelosod in the pillar f, made of 
baked wood, and boiled in linseed oil, and bored cylindri* 
tally about twcHthirds of its length; the brass work is 
fixed (c» the ])illar by the screw ii, moveable in the groove 
I ; and lli rough the same is made to pass %»stctd screw 
L, to the end of which, and opposite to k, which is a po¬ 
lished hcmi^plu'^ical piece of brass, attached to the prime 
conductor, ib fixed aball of brass M,weUpolished; andtotliis 
eci'cw is annexed a circular plate o, divided into 12 equal 
parts, 1 'Ih' use of this electrometer is to discharge a jar 
i>, or any battery connected witii the conductor, without 
a discharging rod, nnd to give shocks successively of the 
same degree of strength; on which account it is very (it 
for iiK'djcal purposes. Now, ifa person holds a wire fast¬ 
ened to the screw ii in one hand, and another wire fixed 
to E, which Is a loop of brass wire passing from the frame 
of the inacliinc to a tin*plutc, on which the phial n stands, 
be will perceive no shock, while K and m arc in contact; 
and the degn^eofthe explosion, as well as the quantity of 
electricity accumulated in the phial, will be regulated by 
the distance between k and >u Philos. Trans, vol. 57, 
pa. 451 .—Mr. Henley much impr6vcd Mr. line’s electro* 
meter, by taking away the screw, the double-milled nut, 
and the sharp-edgtxl graduated plate, and adding other 
things in thrir st<«d. Mr. Hcnlcy^s discharger of this kind 
has two tubes, one sliding within the other, to lengthen 
and accommodate it to larger apparatus. 

The Quadrant b.IcctromcUT of Mr. Henley, consists of 
a stem, terminating at its lower end with a brass ferrule 
and sciew, for fastening it on any occasion; and its uj>- 
her part ends in a ball. Near the top is fixed a graduated 
semicircle of ivory, on the centre of which the index, be* 
mg a very light rod with a cork ball at its extremity, 
reaching to the brass ferrule of the stem, is made to turn 
on a pin in the brass piece, so ns to keep near the gra¬ 
duated limb of the semicircle. When the electrometer is 
not electrified, the index hangs parallel to the stem; but 
os soon as it begins to be electrified, the index, repelled 
by the stem, begins to move along the graduated edge of 


the semicircle, and so mark the degree to which the con¬ 
ductor r$ clccirified, or the height to which the charge iif 
any jar or battery is advanced. (See fig. 8.) ' 

M. Cavallo sKo contrived soviral ingenious clcctrome- 
lors, lor ditferi nt uses ; h$ may be sven in his IVealise on 
Electricity, pa. 370, 6 cc, and in the Philus. Trans, vol. 67 , 
pa. 48 and d 9 ih 

LLECI HOPHOn, or ELEcrnoFiioRus, an insiru* 
mcni for showing perpetual electricity ; which was in¬ 
vented hy M. Volta, ol Como, near Milan, in Italy, The 
machific consists id two plates, fig 9* of which b is a 
circular plate of glass, covered on either side with some 
resinous electric, and the other a is a plate of brass, or a 
circular board, coaled with tin-foil, and furnished with a 
glass handle i, which may be screwed into its centre by 
means of a socket. Now, if the plate B U* excited by rub¬ 
bing it with new w bite fiaiinrl, and the plate a be applied 
to its coated sidi*, a finger, nr any other conductor, will 
receive a spark on touching (his plate ; and if the plate a 
be then separated, by means of tlie handle i, it will be 
found strongly eleclhfied, with an electricity contrary lo 
that of the plate b. Then replacing the plate a, touching 
it with the finger, nnd separating it again, it will be found 
electrified as before, and give a spark tu any conductor, 
attended with a snapping noise; and by (his means a 
coated phial may be charged. The same phenomena may 
repeatedly be exhibited, without any nmewed excitation 
of the electric plate B ; the electric power of b having* 
continued for several days, and oven Sveeks, nftor excita¬ 
tion; though there is no reason to imagine (hut it is per- 
|>c(unl. 

M. Cavallo prepares this machine by coating ibe glass 
plate w i:h sealing-wax; and the late Mr. Adams, philoso- 
phicoi-instrument-makcr, prepared them with plates form¬ 
ed from a composition of two parts of shcll-lac, and one 
of Venier (ur^cmine, without any glass. I'hc action of 
this plate depends on a principle discovered end illustrated 
by the experiments of Franklin, Canton, Wilcke, and AKpi- 
nus, via, that an e.xcitcd electric repels the electricity of 
another body, brought w ithin its sphere of action, and 
gives it a conirary electricity. Thus the plate a, touched 
by u conductor, while* in contact with the plate B, which 
is negatively electrified, it will acquire an additional quan¬ 
tity of the electric fluid from the conductor; but if it 
were in contact with a plate electrified positively, it would 
part with its electricity to the conductor connected with 
it. See an account of several curious experimenU tvith 
this machine, by Mr. Henley, M. Cavallo, and Dr. In- 
genhousz, in the Plfilos. Trans/vol. 66, pa. 513; vo). 67* 
pa. 116 nnd ^ 89 ; and vol. 68, pu. 1027 and 1049. 

ELEMENT. 4 JIY, somcihiog that relates to the princi- 
plfs or elements of bodies, or Kicnccs; as Elementary Air, 
Fire, Ccomclry, Music, &c. 

ELEMENTS, the first principles of which all bodies 
and things arc composed. These are supposed few in 
number, unchangeable, and by their combinations produ¬ 
cing that extensive variety of objects to be met with in the 
works of nature. Democritus stands at the head of the 
elomentary philosophers, in'which bo is followed by Epi¬ 
curus, nnd many others after them, of the Epicurean and 
corpuscular philosophers. 

Among those who consider matter, or the elements, as 
corruptible, sonic assert that there is only one clement in 
nature, while othen maintain that there are several. Of 
tho former, the principal are Heraclitus, who consider fire 
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AS I lux element 5 Anaximenes assorts that it is air; TUalcs 
i^lilcsius says water, and IK^iod eai*llK Ilesioc] is fol¬ 
lowed by Hernardin, IVIcsius; and '1 hales by many of 
the chemists* 

Among those who admit several corruptible elements, 
the principal arc the Peripatetics; \vlu>, after their leader 
Aristotle, contend for four elements, viz, ti;e, air, water, 
and earth* Aristotle took the notJOn Irom Hippocrates; 
Hippocrates from Pythagoras; and Pyiiiagoras from^ 
Ocellus Lucanus, who it seems was the lirsl author of it, 
or from the orientals. 

The modern chemists, however, Ho not acknowledge 
any particular number of oh*monis, but freely admit into 
ill is class all substances that have not been <lecom post'd* 
An clement is therefore merely one of the last results of 
chemical analysis; and in denominating substances ele¬ 
mentary or simple, we consider them us such only with 
regard to the present state of chemical science. It is 
not probable any one of the simplest bodies with which wc 
are acquainted, is really and essentially clementaiy, and 
tt is at Ik*sI needless to enter into an enquiry in which there 
arc no facts to r<*st on for support* 

Elements, a term also used for the lirst grounds and 
principles of arts and sciences ; as the Elements of geome¬ 
try, Elemcnis of mathematics, ficc* So' Euclirls Elements, 
or simply the Elements, as they were anciently and pecu¬ 
liarly named, denotes the treatise on the chief properties 
of geometrical figures by that author. 

The Elements of mathematics have been delivered 
by several authors in their courses, systems, &c, 'I he 
first work of this kind is that of iicrigon, in Latin and 
French, and published in 1634, in 5 tomes; which con¬ 
tains Euclid's Elements and Data, Apollonius, Theodo¬ 
sius, &c; with the modern elements of arithmetic, alge- 
bra, trigonometry, architecture, geography, navigation, 
optics, spherics, astronomy, music, perspective, &c* 
TTie work is remarkable for this, that a kind of real and 
universal characters arc used throughout; so that tho 
demonstrations may be understood by such as onTy re¬ 
member the characters, without any dependence on lan¬ 
guage or words at ail* 

Since Herigon, the elements of the several parts of 
mathematics have been .also delivered by many others ; 
particularW the Jesuit Schottus, inhisCursus Mathema- 
licus, in 1 d 74; DeCbalcs, in his Cursus, i 674 ; Sir Jonas 
Moore, in his New System of Mathematics, in iCSlj 
Ozanam, tn his Coursdc Mathematique, in 1699 ; Jones, 
in his Synopsis Palmarioram Macheseos, in 1706 ; and 
'many oihen, but above all, Christ. Wolfius, or Wolf, 
in bis Elementa Mathrseos Universse, in 2 vols 4to, the 
IsC published in 1713| and the 2d in 171J; a very excel¬ 
lent work of the kind. Another edition of the work was 
published at Geneva, in 5 vols 4to, of the several dates 
1732, 1733 , 1735 , 1738. and 1741. 

The Elements of Euclid, as they were the first, so 
they still continue to be the best system of geometry yet 
extaru. They are contained in 15 books, of which nume¬ 
rous editions and commentaries have been published* 
Proclus wrote a commentary on this work, and Orontius 
Fineus gave a printed edition of the first 6 books, in 1530, 
with notes, to explain Cuclid^s sense* Pelctarius did the 
^me in 15d7« Nic.Tartaglla also, about the same timev 
wde a edroment on all the 15 books, with the addition 
of many things of bis own* And the same was also done 
by Billingsley in 1570; and by Hussates Candalla, a 
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French nobleman, in the year with i f 

additions as to the conijian^on and inscriptions ol v'nmi 
• bodies; which work was afterwards republished with .n 
prolix commentary, bs Clavius. I$ul the first who trans¬ 
lated them ifito I^tin, v>hilc tiny wvrv yet urjknown to the 
European nations, was AdhelarH, or A<lelar<l, a learned 
Englishman, who performed this tusk in the J^ih centurN. 
Commandinc also gasc h ooot\ edition of tlu-* work, and 
in 1703 Dr. Gregory publi^lied an c*diti<m of the whole 
works df Euclid, in Greek and Latin. But it would be 
endless to notice all die editions of this celebraird per¬ 
formance that have been given ; some of the bi'sl oi tliev<> 
however are those of Tacquet, Oranam, Winston, Sli in , 
Playfair, Ingram, and more particularly tliat of Dr. Hoh. 
Sim son, of Glasgow* 

Besicic these there are several other writers on geome¬ 
try, who have not followed Euclid strictly either in tbrin 
or arrangement; as it is thought by some, chat in the 
present state of mathematical knowledge, a system of 
geometry less tedious and prolix than Euclid's would be 
u considerable acquisition. 

Elements, in the Higher or Sublime Geometry, are 
the infinitely small parts« or dificrentiuls, of a rightdinc, 
curve, surface, or solid. 

Elements, in Astronomy, are those principles de¬ 
duced from astronomical observations and calculations, 
and such fundamental numbers, ns arr^empioyed in the 
construction of tables exhibiting the planetary motions. 
Thus, the elements of the theory of the sun, or mther of 
the earth, show its mean motion and exccntricity, wit It 
the motion of the aphcUu. And the elements of thw 
theory of the moon, relate to her mean motion, that of 
the node and apogee, the oxcentneity, the inclination of 
her orbit to the plane of the ecliptic; 6cc* Tor the par¬ 
ticulars of which sec the respective names above men¬ 
tioned* 

ELEVATION, the height or altitude of any object. 

Elevation, in Architecture,^ denotes a draught or 
description of the principal front or side of a building^; 
called also its upright or orthography* 

Elevation, in Astronomy and Geography, is various; 
as elevation of t^c equator, of the pole, of a star, &c* 

Elevation qfihc is the height of the equator 

above the horizon; or an arc of the meridian intercepted 
between the equator and the horizon of the place.—The 
elevation of the equator and of the pole together always 
make up a quadrant; the one being the complement of 
tbc other* Thereforo, the elevation of the pole being 
found, 'and subtracted from PO^, leaves tbc elevation of 
the equator* 

Elevation q/* the Po/r, is its height nbiwc the ho¬ 
rizon ; or that arc of tbc meridian which is comprehended 
between the criuator and the horizon of the place. Tbc 
elevation of the pole is always equal to the latitude of tbc 
place; that is, the arc of the meridian intcTccpted be¬ 
tween the pole and tbc horizon, is every where equal to 
the arc of the same meridian intercepted between the 
equator and the zenith* Thus the north pole is elevated 
53 V above the horizon of London ; and the distance, 
or number of degrees, is the same between London and 
the equator; so that London is also in 5i^SV of north 
latitude. 

Elevation 0 / a Star, or of any other point in the 
sphere, is the angular height above the horizon; or an 
arc of the vertical circle intercepted between the star and 
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tlu* 'Ihc nirri^lmn allittnlo of any such point, or its 

. Iimnli uhcii jn iIk' jiii ritlinn, is liic grcnK^sl po^^sibh . 

J j.KVATios’ rt/« Curtfioft^ or I^Iorta>\ is ll)c angle which 
^l)r or lliC axis ol ilic pic.cc inakiS \silh ihc liori- 

'Mnr.il |>iaac. 

J^rV o/’I'.r.Kv A rfox, is ilic angle nhich any line of 
ci i« c iiMj» iuakes above a iuin/ontal line, 

l.i M \ r lox IS a!s(j used by some writeis on Pcrspcc- 
’ < . b r ilie ''C^^^>grapl^^, or perspective representation 
• i ibe whole body t t bnilding. 

I* I'l MIN A'l ION, in Algebni, is that operation by 
' Kk b any ruiinbcr n oft cpiatioiis, containing ft unknown 
Cj'i.iiitirie'., being given, \vc /ind one c(|iiatic.»n vvluch in* 
mU <*nly one unknown c|uantity; so that by resolving 
tliiN ifiuation, \vc obtain the value of that unknown 
(pi.uUriy, Sind retracing our siej)s hack again, we obtain 
'.i\so tin' viilucs of all itjo other <|uantities, winch, in the 
coui 'C nl the operation, are found (o have cciTsnn rela- 
lioio or dej»endence on each otlna*. See MxTEa^ 

M i N A I iu S . 

or is one of the conic si^ctions, 

populiiily called an oval: it was Jirst called an Lllipscor 
Idljpfris by «\polloniiJs, the first and principal author on 
the conic scciioib, because in this figure the squares of 
the ordinates are less than, or defective of, the rectangles 
tinder tin* parameters aiui abscisses. 

'Idas ligiirc is rliirercnlly defined by di fie rent authors; 
litherfroin some of its properties, or from mechanical 
construction, or from ihc section of a cone, which is the 
best and most natural way; Thus ; 

Fig. 2. 
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1. An ellipse is a plaiicifigurc niQ<lc by culling a cone 
by ji plane ublicjuely through the opposite sides of it; or 
so as (hat the plane makes n less angle with (he base than 
the side of llic cone miijccs with it; ns abd fig. 1. 'Ihc 
line AP connecting the upper and lower points of the 
section, is the trunsversc axis; the middle of it c, is the 
centre; and the perpendicular to it doe, through the 
centre, is the conjugate axis. The parameter, or latus 
rectum, is a 3d proportional to the transverse and con* 
Jugate axes; and the foci are two points in Ihc transverse 
axis, at such equal distances from the centre, that the 
tlouble ordinates passing through those points, and per* 
pcndicular to the transverse, arc equal to the parameter. 

2. 'File ellipse Is also variously described from some of 
its properties; the principal of which arc as follow: That 
if two lines be drawn from two certain points c and » in 
tlie axis, fig. 2, to any point £ in the circumference, the 
sum of those two linos CE and de will be every where 
equal to the same consiont quantity, viz, to the axis ab. 

Fig. 3. Fig. 4. 
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And, secondly, that the rectangle AO * on (fig. 3) of the 
ab5Cisbf.s, tending contrary ways, is to oil* the square of 
,tiic <iidii>ate, as a n* to IK*, the square of the transverse 
axis to the square of the conjugate, or, which is the same 
thing, as the transverse axis is to the parameter; beside 
vanoti'i oilier pritpcrties. 

'I'lie ellipse is also variously described from mccha* 
nlcul constructions, which also depend on some of its 
peculiar properties. Isl, If in the axis ab, there be taken 
any point i {lig. 4) ; and with tlic radii ai, bi, and centres 
¥ aiuiy, the two foci, arcs be described, tlux: arcs will 
intersect in certain points e, e, e, e, which will be in (he 
curve or circumference of the figure: an«l thus several 
points I being taken in the axis ab, as many more points, 
E, e, &c, will be found ; then llic curve line drawn 
through all these points £, e, will be an ellipse. And if 
there be taken a thread of the exact length of the trans¬ 
verse axis AB, and the ends of the thread be fixed by 
pins in the two foci r and / (fig. 5) ; then moving a p.'H 
or pencil within the ihrcad, so as to keep it always 
stretched, it will describe an ellipse. Or it may be de¬ 
scribed from the property of the directrix. 

Fig. 5. Fig. 6. 




To consinict an Ellipse. There are many other 
ways of describing or constructing an ellipse, besides those 
already mentioned. 

1st. If upon the given transverse axis there be described 
u circle AUB (fig.6), to which there be drawn any ordi* 
natc DG,and de be taken a 4lh proportional to the trans- 
'■c^j thc conjugate, and the ordinate do ; then £ is a 
point in the curve. Or if the circle agb be described on 
the conjugate axis ab, to which any ordinate dg is drawn, 
in which Inking dr. in like manner a 4th proportional to 
the conjngiitc, the transverse, and ordiimtc then shall 
K be a point in the. curve*. Or, having described the two 
circles, and dratvn the common radius ego cutting them 
in o and g ; and then dgK being drawn parallel to the 
transverse, and doe parallel to the conjugate, the inter¬ 
section E of these two lines will be in Ihc cunc of the 
ellipse. And thus several points e being found, the curve 
may be drawn through them all with a steady hand. 

Fig. 7. Fig. 8.-' 
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2. Or take three rulers, of which the two on and n 
(fig. 7) arc of the lengUi of the transverse axis lk, and 
the third po equal to iii the distance between the foci; 
then connecting these rulers so as to be moveable about 
the foci u and 1, and about the points r and c, their in- 
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tcrscction e will be in ihc cur\c of ihf cllinsr; 

that by moving ilic rulvrs about the joints, witli u pencil 
pab.scd tlirougli the slil^ made in tliem, it will trace out 
the ellipse LK. 

Fig- 9. Fig. 10* 


3. If one end a of any two equal rulers An, nn, (fig. <) 

and 10), wliici) are moveable about the pciint ii, like u 
carpenter'sjoint^rule, be fastened to the ruler lk, sous 
to be moveable about the point a ; «ind if the end d of 
Uie ruler db be drawn along the side of the ruler LK, then 
any point u, taken in the side of the ruler do, will describe 
an ellipse, wliose centre is a, conjugate umsSde, .and 
transverse axis 2An -k 2be. # 

Another method of description is by the elliptical com<* 
pass. See that article, below. 

The most Rematkablc Propenies of the Ellip$c^ are as 
follow:— 1 , The rectangles under the abscisses are pro¬ 
portional to the squares of their ordinate^; or as the 
square of any axis, or any diameter, is to the square of 
its conjugate, so is (he rectangle under two abscisses,of 
the former, to the s<|uarc of their ordinate parallel to the 
latter; or again, as any diameter is to its parameter, so is 
the said rectangle under two abscisses of that cliumeter, to 
the square of their ordinate. So. that if d be nny diame¬ 
ter, c its conjugate, p its parameter, so that p c/, x 

the one absciss, d ^ x the other, and y the ordinate; then, 
as : c* : : x{d — x) : y or tPy = c*r(rf — x) ; 
or as e/ : /) : : x{d — i) : y-, or dt/^ ^ pi{d — x) , 
From either of which equations, called the equation of 
the curve, any one of the quantities may be found, when 
the other three arc given. 

2« The sum of two lines drawn from the foci to meet 
in any point of the curve,^is always equal to the trans¬ 
verse axis; that is, cit de = ab, in the 2d fig. Con¬ 
sequently the line CO drawn from the focus to the end of 
the conjugate axis, is equal to ax the semi-transversc*« 

S, If from any 
point of the curve, 
there be drawn an 
ordinate to cither 
axis, uiui also a tan¬ 
gent meeting the axis • 
produced; then half 
that axis will be a 
mean proportional 
between the distances from tlic centre to the two points of 
intersection; viz, ca a mean proportional between CD 
and CT; and consequently all the tangents te, te, meet 
in the sami* point of the a-xis produced, which arc drawn 
from the extremities e, e, of the common ordiiiutcs db, 
D£, of all ellipses described on the same axis ab. 

4. ^Two lines drawn from the foci to any point of tho 
curve, make equal angk*3 with tbb tangent ht that point: 
that is, the ^fet^^/e/. And hence a line drawn 
to hiKCt the angle ?f/, will be perpendicular to the tan¬ 
gent and curve at the point e, 

i. All parallelograms (bat arc formed by tangents drawn 





through the e\trcjni(i<s of any diameter and its cor)Ju;:alis 
and thus circunuciibcd abfjiu an elli|j>e, un* equal to 
each ollu i ; and every Mich j):4rallclogram i quul to tlu* 
rectangle ol the tui> um'*. 

6. The sum of the sc|nan‘5 of < vci) pair of conjugate 
diameters, is equal tn the same constant quantity, ilic 
sum of the squares o\ tlie two axes. 

7. If a circle be de'-cribvil upon ciiIm r axi-', and from 
any point in that axis un or<linalt' lx* drawn both to the 
circle and to tlic ellipsis; then vsill the <»r<iia<Ue of the 
circle be to the ordinate of tlic elH|>se, as that axis n to 


the other axi>: xiz, 

AB : «6 : : do : de, (in the O'th fig.) 
and nb : AB : : dg : dz. 

And in the same proportion is the area of the circle lo the 
area of the ellipse, or any corresponding segments .^no, 
Ai>K. Also the area of the c*lli|)se is a mean |)ri>porti<unil 
between the areas of the inscribed and circumscribed cir¬ 
cles. Hence therefore, * 

S. To find the eoea of an EHip^r. Multiply the two 
axes together, and that product by •7 Sj 4, fur tia*ftrea. Or, 

9. To find the area of any .sej'tttfnt ai»e lint) the ana 
of the corresponding segment ado of a circle on the same 
diameter ab ; then say, ;is the axis ab: its conj. ub : : circ. 
sog. ADO : elliptic seg. adh. 

10. To find the len^^ih of the whole circumference of the 
Ellipse. Multiply ihc circuinfereiicc of the circumsciibiirg 
circle by the sum of the series 

d a*/* D*.siP / r .1 

1 — — — — — -, ^ . ... ' occ, for the circum- 

3 3 « 4 






ference; where d is the difference between an uml ajid the 
square ofth6 less axisdiuded by the square of the greater. 
See another series, p. 17S, vol.4, Fdinb. Fhilos. Trun^. 
Or, fi^r A near approximation, take the circumference 




tween' the two axe's; or half their sum that is, 

4(/ c) X 3*1410 the perimeter nearly; being about 
the 200th part loo little; where I denotes (he transverse, 
and c the conjugate axis. 

Or, again, lake the circumference of the circle, the 
square of whose diameter is half the sum of, or nn 
nrithmcticul mean between, the sc|Uarcs of the two n\e.6: 
that is, ^ ^ 3*14l6 = the perimeter nearly; 

being about the 200th part too grcuL 

Hence c<iinbining tliose two appri»Nimuting r^uli^s to¬ 
gether, the periphery of the*ellipse will be very nearly 
equal to half their sum, or equal in 
4[t(^ c) "*• c*)] ^ 3T4l(), within about (lie 

30000th part of the truth. 

For tlic length of any particular arc, and many other 
parts about the rllipMSseo my Mensuration, pa. ^V2y Cve, 
4lh edit* Sec also my Conic Sections, for inaiiy uUkt 
properties of the ellipse, especially sucli ixs arc common 
to the hyperbola also, or to tlic conic sections in genera). 

Infinite Kllipses* * See Elliftoid. 

KLLIl^SOID, is an elliptical spheroid, being tliu ^olid 
generated by llie revolution of an ellipse about eitiier uxis* 
See SriiLROib. 

ELLIPTIC or ELLimcAt, something relating loan 
ellipse. 

Elliptic Compasses, or Elliptical Com/xi«, is an 
instrument for describing ellipses ut one revolution of the 
index. It coDsisU of a cross a do it (fig* 8.) witli grooves 
in it, and an indc.x CE, sliding in dovetail groo\es; by 
which motion the end e describes the cunc of uii cllipsc\ 
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r.Li.imCAi. Co«on/, is somciimcs usrd lor ilu‘ sjdicroid, 
or rl 

F i.i.iPi fCA 1 . on iu^tniinciU usually inotlc of bros«, 
uub o jMitU lo ti'l<l lo^ilUvr, ah<l the ptioinon Ut fall Hat, 
for the ccjinenience of the pocket, lly this instrument 
iirr I iurul the nu ndiun, the Iniuc Of the <lay, liiC risinj; 
ond 'oiniii! of ilie sun, «S'C. 

I JJ.1IM ICn V, ol the terrestrial spheroid, is the ratio, 
iM* (lie <hllereticis hciwet ii the two seiinoxcs. It iV Usually 
e.spu ssc <1 in lcr*n*» ot ihi* ^router, or latlius of the v<juotor, 
i', by uhot fractu^ial pari this exceeds the axis or 
pohn' <lionieler. The (juanlUy ol this elliplicits has been 
varJon*‘lv assigned by dilferent miilluMnaiirnin*-, Sir Isaac 
Ni'uton, supposing (he rorth of uiiiloicn density, gave 
for tin* ellipticity; Hoscovicli, fiom a mean ol several ad- 
ineasun'iie nts,'Slated it at ; Lulande at ; Loplacci 
*1 fT » Sa jour, -jiyi ( arouge, Krafl, » ^n<l Plaj* 

fair, from a theorem of Clairaut, applied to ihc hetero¬ 
geneous splaroid, states it atSetting aside those 
which are de<lnced from the liypoihcsis of uniform density, 
siz nmy be admitted as the m<’sl probable value of the 
elhpiicjly. Under the article Earth, see other propor¬ 
tions, an<l the manner of deducing them. 

Elliftoio, an infinite or indefinite ellipse, defined by 

the indefinite equation oy’” =2 — r)”, where m 

or n are greater than i: for when they arc each i, it de¬ 
notes tlie commtm ellipse. There arc several kiiuls or 
<legrees of elli[)lou!s, svl>ich receive their denominations 
from the exponent wi n of the ordinate y. As the cu¬ 
bical elliptoid, expressed by ;y^ ss — j); the bi- 

fjuadratic, orsiirsolid ay* ss —x)*; &c. 

ELONGATION, in Astronomy, the distance of a 
planet from the sun, with respect to the earth ; or the 
angle formed by two lints drawn from iho earth< the one 
lo the sun, and the other to the planet; or the arc mea¬ 
suring that ansle : or it is the difference between the sun*8 
pliicc Hiiii tlif sjc'occiitric |»lace of thi* planet. 

yrcati'si <>|oni;a(ion, is the grtatest distance to 
uhich llif plancJs recode from the sna, on either side. 
This is ctiic-fly considered in the infiTt'>r plan«ts, Venus 
and MiTCury; the prealcsl elongation of Venus being 
about 47i degrees, and of Mercury only about 27,; dc- 
gr<cs ; winch is the rcasf>n that this planet is so rarely 
, M-cn, being usually lost in the sun's beams. 

KMUlvU-Wa^j, arc certain days observed by the church 
at four different seasons of the year; viz, the Wednesday, 
friday, and Saturday next after Quadragesima Sunday, or 
llie 1st Sunday in lint; after Whit-sunday; after Holy- 
rood, or Holycross, the 14th day of September; ond after 
St. Lucy, the I3ih day of December. The name. It 
seems, is derived from embers, or ashes, which it is sup¬ 
posed the primitive Christians strewed on their heads at 
these solemn fasts. ' 

EMBER-W'cei's, are those weeks in which the ember- 
days fall. These ember-weeks are now chiefly noticed on 
account of tlic ordination of prii'sts and deacons; because 
the canon appoints the snndays next after the ember-weeks 
for the solemn times of ordination ; though the bishops, if 
(hey please, may ordain on any Sunday or holiday. 

EMBOLIM>®AN, and Emdolismic, Inierenlary, is 
chiefly used in speaking of the iidditional months inserted 
by chronologisis to form the lunar cycle of 19 vears. The 
19 solar years, consist of 6939 days and 18 hours, and 
the 19 lunar years of only 6726 days, so that it was found 
neci*ssury to intercalate or insert 7 lunar months, contain- 
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iug ihiy* ; uUii li, Uk I biv«t.Mi|^ il;ij« happen- 

iiig iu iIh* lunar cycle, make ^13(luyv, and the wlmle 
^>.939 <l»*v^, the >onic tl»c 19 ^ular years, ui)ich make 
thi* lunar cycle. 

In the <our>c nf 19 years tln n* arc 2^8 common muons, 
And 7 ctnhniivrnic moons, vvjiicli nre distributed in this 
manner, viy, the 3d, 6ib, 91I1, llth, I ith, i7th, and I9ih 
ytai^, are embolisniic, atnl so contain 3H4 days cach« 
And this WAS the method of computing tin)C among the 
Greeks; fliough they did not strictly ob^Tve it, as it 
seems the Jews did. And the method of the Grc^i'ks wus 
followed by the Romans till the time of Julius C&^ar. 
'I'hc cinbolisrnic months, like other Itinar months, some¬ 
times* contain 30 days, and sometimi's only 2'J <lays. 

TUc EmLolismic Epocis arc those Utw<cn J 9 and 29; 
which are so called, becuuse, with the addition of ihe 
epact 11 , they exceed the number 30: or rather, because 
the years which have these epacts, are crnbolisinic ; having 
IS moons t'Hch, the 13th being the cmbulisinic, 

EMBOLISM US, in Chronology', signifies intercalation. 
As the Greeks used the lunar year, wluch contains only 
354 days; in order that lliey might bring it lo the solar 
year, of 363 days, they had an embolism every two or 
three yeai'S, when they added a 13th lutnir month* 

EMBRASURE, in Architecture, an enlargement of the 
aperture or opening of a dour, or window, within-sidc the 
wall, sloping back inwards, to give thegrentcr play for the 
opening of the iloor, casement, UCy or to take in the more 
light* 

Emarasvres, in Fortification, are the apertures nr 
holes through which the cannon arc pointed, whether in 
cosemates, batteries, or in the parapets of walls* In iho 
navy, these arc callctl port-holes. The embrasures arc 
placed 12 or 15 feet apart from each other; being made 
sloping or opening outwards, from 6 to 9 wide on the 
outside of the wail, and from 2 lo 3 within, to allow the 
gun to traverse from side to side. Their base is about 2^ 
or 3 feet above the phitform on the inside of the wait, but 
sloping down outwards, sons lo be only about above 
it on the outside; in order tharthc muzsic may be occa¬ 
sionally depressed, when it is necessary to point the gun 
ill thnt direction. 

EMERGENT Year, in ChronologVf is the epoch, from 
which any people begin to compute their time or dales. 
So', our emergent year i$ sometimes the year of the crea¬ 
tion, but more usually the year of the biith of Chnat. 
The Jews used that of ihc Deluge, or the Exodul, 5rc. 
The emergent year of the Greeks, was Ihc beginning of (he 
Olympic games; while that of the Romans was the date 
of the Building of their City. 

EMERSION, in Astronomy, is the rc-appenrancc of 
the sun, moon, or other planet, after having been eclipsed, 
or hid by theinierpu$itionorthcmoon,carih|Orotherbody, 

The immersions ai>d emersions of Jupiler'sfirsi satellite, 
arc particularly useful for finding the longitudes of places; 
the immersions being observed from Jupiter's conjunction 
with the sou, till his opposition; and the emersions from 
the opposition till the conjunction* But within 15 days 
of the conjunction, both l^forc and after it, they cannot 
be obsorvH, ihc planet and his satellites being then lost 
in the sun's light 

EuBRSfon is also used when a star, after being bid by 
the sun, begins to rc-appear, and emerges out of his rays* 

Minutes or SempUi q/* Emersion, an arc of the moon's 
orbit, which her centre passes over, from the lime she 


E N C 


E M E [ 

begins to emerge out of iUe cartli^s sbatiow, to tlu* eml of 
(be eclipse! 

EMEasiOKt in Physics, the ri>ing of ony solid above 
the surface of a tiuid that is speciBcally heavier than the 
solid, iiHuuhicli it bad been violently immerged,or pushed. 
It is one of the known lasvs of hyriiostalics, that a lighter 
solid, being lurced down into a heavier fluid, immediately 
endeavours to emerge; and that witli a fotceetiua) to the 
cxCe»s of the weight of a quantity of the fluid above that of 
an equal bulk <d the K>lid. '1 bus, if the body be im merged 
in H fluid of double its specifle gravity, it will emerge 
again, till half it> bulk be above the surface of the fluid. 

E.MLUSON (William), a I iic eminent muthcniati- 
cian, was born in June 1701, at llurworth, a village 
about three miles south of Darlington, on the borders of 
the County of Durham ; ut least it is certain that he re* 
sided hete Ironi his childhdod. His father Dudley Liner- 
now was u schoolmaster, and a tolerable prufleivnt in the 
mathematics; ami witimut his b4>ok$ and instructions, 
probably his sons geiiiu*^, though eminently fitted for n>a- 
(iicmalical studios, iiught never have been unfolded : but 
besides his fatiier's instruclioiis,our .author was assisted in 
tiie learned languages by a young clcrg}'nian, then curate 
of Murtvorih, who was boarded uc his falber*s house. 
Ecing saiisfled with a moderate competence left him by his 
parents, be deviUed himself to a studious retirement, 
which be thus closidy pursued, in the same place, through 
the course nf along life, being mostly very healthy, till to¬ 
wards tiiclatter [larcofhisdays, when he was much afflicted 
with (bestone. Towards the close, of thoycar 1781, being 
sensible of his approaching dissolution, he disposA'd of the 
w hole of bis mathematical libiary to a bookseller at York; 
and OQ May the '^Oth, 1782, his lingering and painful dis¬ 
order put an end to bis life at bis native vHloge, being near 
81 years of age. 

Mr. Emerson, in his person, waa rather short, but strong 
and well made, with an 0 {>cn countenance and ruddy com¬ 
plexion. Me was of a singular turn in his behaviour, 
dress, and conversutiou; liistnannor and appearance being 
rather plain und uncourtly^he had strong natural mental 
parts, and could discourse sensibly on any subject, but 
was always positive and jrupalieot of contradiction. He 
spertt his whole life in close study, and writing books, 
from the profits of winch, he redeemed his little patrimony 
from some original iocumbrance. In bis dress he was ns 
singular as in every thing else. He possessed commonly 
but one suit of clothes at a time, and those very old in 
thrir apfK'urancc. He seldom used a wai.stcoat; and his 
coat he wore open before, except the lower button; and 
hissliirt quite the reverie of one in common use, the hind 
side turned foremost, to cover his breast, and buttoned 
close at the'collar behind. Me also had a kiiul of ru&ty- 
coloured wig, without a crooked hair in it, which pro* 
bably had never been tortuix^d with a comb from the time 
ofiu being made ; and the bat he wore had served him the 
greater part ofliis life, of which he gradually lessened the 
flaps, bit by bit, os it lost its elasticity, till little or no¬ 
thing but the crown remained. 

He sometimes walked up to London when be had any 
book to be published, revising sliect by slicet himself;—for 
trusting no eye but his own, was always a favourite maxim 
with him. In mechanical subjects, be always tried the 
propositions praciically, making all the diflerent parts 
himsdf on a small scale; so that his bouse was filled with 
all kinds of mcchaoical iiutrumcoU, together or disjointed. 


Me would frequently stand up to bis middle in wau r while 
fishing; a diversion he was very fond of. He used to 
stu<ly incessantly for sonu* time, and then for relaxation 
take a ramble to some pot-alehousc, where he could cot any 
body to drink with and talk p». He was a married man. 
but Without cljildiv'u; and his wife used to spin on an old- 
fashioned wheel, of his own making, a drawing of which 
is given in his iMecbanics. 

Mr. Emerson, from his strong vigorous mind and close 
application, had acquired a deep knowUd^^c of all the 
branches of mathematics arid )d)>sics, on every part of 

Inch lie wrote good treatises, (hough in a raiher anti¬ 
quated style and manner. Me was not remarkable, how¬ 
ever, f<jr genius or discoveric's of U\i, own, us his works 
show hiirdly any traces of original iaventioii. Me was 
well skillul in the science of music, the theory of sounds, 
and the various scales both ancient nh<l modern ; but be 
wus a very poor peiformer, though he could make and re¬ 
pair some insirumeiiis, and somciimcs went about (he 
country tuning harpsichords, os well as cleaning clucks. 

The following is a list ol Mr. Emerson's works; all of 
them printed in Svo, excepting his Mechanics and his In¬ 
crements in 4to, and liis Navigadon in 12ino. l.Tlic Doc¬ 
trine of Fluxions.—2. The Piojeclion of the Sphere, or- 
thograpliic, stercographic, and griomonical.—3. The Ele¬ 
ments of Trigonoineir).—4. The Principles of Mechanics. 
—5. A Treatise of Navigation.—<>. A Treatise on Arith¬ 
metic.—7. A Treatise on Geometry.— 8 A Treatise of 
Algebra, in 2 books.—9* The Method of Increments.— 
10. Arithmetic of Inliniies, nnd llie Conic Sections, with 
other Curve Lines.— 11 . Elements of Optics and Perspec¬ 
tive.—12. Astronomy.—13. Meduiuics, wuh Centripetal 
and Centrifugal Forces.—14. Mathematical Principles of 
Geography, Navigation, and Dialling.—15. Commcniary 
on the Principle, with the Defence of New ton,— 16 . Mis¬ 
cellanies. 

Besides those, Mr. Ilmerson was a frequent mathema¬ 
tical coiTos|K>ndent in the Ladies’ Diary, the Palladium, 
&c, in ibe fictitious names of Meronts, Nichol Dixon, 
and other fanciful appellations. In the same works, some¬ 
times a riddle or a question in rhyme, sliow cd that he was 
not destitute of poetical talents. ; 

EMINENT!AL&V^o/mn, nierm used by some algebra¬ 
ists, in (be investigation of the areas of curvilincal figures, for 
a kind df assumed equation (hat contains unothcr equation 
cniioently, the latter being a particular case of the forruer. 
Hayes’s Flux, pa* 97.* 

ENCEINTE, a French term, in Fortifleation, signify¬ 
ing the whole inclosure, circunifercnco, or compass, of a 
fortified place, whether built with stone or brick, or only 
made of earth, and whether w ith or without bastions, &c. 

ENCYCLOPEDIA^ ^hc circle or chain of arts and 
sciences ; sometimes also written Cyclopedia. 

Numerous are the encyclopaedias, or general dictionaries 
that have been published ; but our busint^ss is only with 
those which treat chiefly on the mathematical or philoso¬ 
phical sciences. The first dictionary of this kind, it ap¬ 
pears, was that of Dasypodius, printixl in 1573, under, 
the title of As^ix'^y, sou Dictionarium miithematicaruni, 
in quodcfinitiouesetdivisioncs coutincnturscientiarum ma* 
tbcmaticarum,arithineticse,&c,M.CouniduDa$ypodio au- 

thore; a very extraordinary work fur Uictime ofits pub¬ 
lication, and of which u new edition was printed at Stras- 
hurg, in 1579-—In l6S2 came out the work J* H. Alstedii 
Encyclopedia, in 2 vols* folio: an elaborate pert'ormunco; 
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I. «;i' i..ll«i\vo«l 111 by I'.rliHi.li Wvgalii Mca Eti- 

( N( .M,iili«'inain-i>-jiliilns..|>lii«a>; a wurk not mi- 

I t-rliilivi-lv Hill I'vcii li-r lliat [icrioJ. Ol a similar 

Iviiiil !"> the on Matli. A'>t«nn. Civoiiurt. ol \ ulali*, 

piloted at I’.iri' in HdiS, S'O ; as also tiu- Diciionnairo 
.Mai}i< iniiliqtH-<'l‘Ozanani, printed in I sol. 4lo, 

As to tiic ivorks 1)1 C’lT. .1. \ *>»ins (H>50), ami of 
Bctislu-m llity are little inor*- than catalogues of 

iim'licmatical books. 

i lls' next iinpoiiani 't< p ssai made by Dr. Harris, in 
I IS Lexicon richnictiin, pnbli'lied, the 1 st vol. in 170 +, the 
'.M in 1710. riiisistlic earliest I'.ttsili'h "ork that assumes 
10 5;ood purpose the sj>ti tnatic birm ol a ««-nsTal dic- 
!i‘-nary, and alleinpls I” allot to each article its compa- 
lativc portion in the scale of science. The author pos- 
m '-nmI very considerable General ktio"lc«lae ; but his at- 

i. iinaients as a inatheiuaticiaii an<l philosopher were most 
coii'picuoiis. 'I'o the .Sthodit. in 1736, a siippicmem was 
aildrd by llie booksellers, but of minor importance.—Va- 
I ions (lieiioiiai ies, comprising more or less ol scieiilific ma- 
teii.iU, wire published betivein llic times ol Harris’s Lex¬ 
icon ami (-’h'tml'ers’s Cycloptedia ; such, for instance, us 
till-(•rent Du tioiiary of the Eretich Academy, the Dic- 

ii. iii.iryof the Ji suits of Trevimx, the Chemical Dictionary 
ol .1 .iimoii, llie iMedicalom-s ofUlatichard nndCastoUas, 
the Malheniaiical Dictionaries of Stone and WoUlus, the 
Sea Dictioiiaryof Mainwaring, the Dictionary of the llible 
bv CaUnet. the Lexicon Philosopliirum of Cliauvin, a work 
of ini[)ortHnce, i“sjrecially in llie inathomalics and philo- 
sopliy of the ancients ; the la'xicon olJ. Hurkurd Monkons, 
in, 1715; .lablonski’s la-xicon in 1721; ttod Collier’s great 
Historical Dictionary, begun in l6f)-V, niul linisbed in 1727. 

'I'hc first edition of Chambers’s Cyclopcedia came out in 
1727 , 2 voh, folio; of w-hich the public cleimiml occa¬ 
sioned II 2d cilit. ill J73H, a 3d in 1739, a 4lh in 1741, 
and a .5lh in I7-K». Tliis unprecedented success iniluccd 
the jiroiuietors, at a great expense, to engage G. L. Scott 
and Dr. Hill to pn-parc a Supplement to tlie 6lh edition, 
w hich was accordingly publislied in '2 luldilionul volumi's. 
The 7lh edition, completed in 17^6 in four thick folio vo* 
lutm-s, ri'inoved the di^advnnt:lge of the double alphabets, 
l>y incorporatin': them into ntie, by the labour and skill 
<tl that ni)le editor Dr. Abr. Hei'x. 

Krom liiis period, ilictiouariesdevoteil to arts and sciences, 
as well us general dictionaries, increased very rapiilly, both 
ill number and iinpiuiance; sif which u few of the chief 
may he n.diced; a-, ilie .Medical Dictionaries of Motherby, 
Quincy, James, 'i'urton, and (he Kilinbvirgh Dictionary; 
the Chemical Dictionaries of Macquer, Nicholson, and 
the Aikiiis ; the Dictionaries of Gusseme and R!i.sches,on 
Numismatology; those of Miller, Martyn, and Dickson, 
on Gardening; ihosr'of Burn, Cunninsliam, and .lacob, 
on Law; the Murine Dictionaries of Chapman and Fal¬ 
coner; tin- Builder’s Magazine,'nod Felildeii’s Dictionary 
of .Arcliiti'ciurc ; Jombert's Diciionnaire de riingenieur et 
de rAriilleiir, and James’s Military Dictionary; Pilkitig- 
ton’s Dictionary of I’niiilers; Mortimer’s and Posllc- 
^thwaiie’s Dictionariesof Tradennd Commerce; Rousseau’s, 
Hoyle’s, and Busby’s Dictionaries of Music ; our own Mo- 
tlicnmiicul and I'hilosophiral Dictionnry; and the Diction- 
nain- de I'liystqtte of M. Libos. Thediligence exerted by 
the authors of ihf'«e, and h few other dictionaries appro¬ 
priated to separnte branches of science, and by the editors 
of encyclopa-dias, has operated reciprocally to improve 
both ; and hence is has happened, that many of such dic- 


tionarn-s, during the last 50 years, have greatly contributed 
to till- impruM-mcat and diffusion of human knowledge. 

'I he labours of the conlincnlal rncycloptedisls, during 
tlu" period, are also of much importance. Among the 
w orks of the Germans may be noticed, the Universal Lex¬ 
icon of Ludwig, in i;32—1750, in 64 volumes;Oekono- 
mischc Kncyclopadia, by Kriinilz, in 1773; the Pmcyclo- 
pallia iliT Histuiischi-n, Philo>uphi>CL-n, und Malhcmati*- 
chen Wisseiichaftrn.by Busch,in I775aiid 1795; Kliigel’s , 
Kiiryclo| adie alli-r Mathematischeii Wisscnchaftcn ihre 
(ie-'chicl.te und Littciatur, by Rosenthal, in 1799- To 
these may be added, the Swedish Encyclopxdia, by Giiir- 
well, in 1785; and the F.ncyclopcdia Itnlinna ovvero Bi¬ 
bliotheca universale della utnane cogniziotii, at Naples in 
17«8. 

Our neighbours the French also have the Dictionnairc 
univcrscl de Mathemaliquc ct de Physique, by M. Savc- 
ricii, ill 1753; the lincyclupcdie, 011 DiclionnaiR- rai- 
sonne dcs Sciences, des Arts, ct des Metiers, by Diderot, 
Dalenibcri, iVc, ill I7.VV—1757; the Diciionnaire Porla- 
tif, in 1760 ; the Diciionnaire de Physique Portiitif, in 
17()3; the new edition of the Encyclopedic, by Diderot, 
&c, in 39 vols. in 1778, 1779; nnd the Encyclopedic Mc- 
thodique, by Daiembert, Bossut, Cotulorcel, Lalaiule, &:c, 
which commenced in 1785, and consists of separate al¬ 
phabets, or dictionaries, for the several arts and sciences. 

We must now glance rapidly at the labours of British 
cncyclopa’dists since the time of Chambers ; passing over 
the productions of Owen, Procter, Caslieau, Hall, Howard, 
and Kendal, with a mere notice of their names; the only 
one of which that we do not feel desirous to forget is 
Owen. Wc must however mention, with commendation, 
the Dictionary of Arls and Sciences, published in 1766 , 
by Crowder, in 3 vols. 4to; the editors of which were, 
tlic Rev. J. Scott, Trinity-college, Cambridge; Mr. Chas. 
Green, assistant at the royal observatory; Mr. J. Mcad«; 
and Mr. Falconer, the unfortunate author of the Ship¬ 
wreck. 

The work last mentioned, though respectable, is far in¬ 
ferior to Cliambers, who has howeier now had some for¬ 
midable rivals in Britain; viz, the Encyclopailiu Briiitn- 
ntcii, published in Edinburgh, first wc believe in 1/6S, in 
4 vids. 4 lo, and afterwards in 10 vols. This work sccros 
also to have hien the first that attempted the limo’vution 
of incorporating systems or treatises, along^wilh the usual 
articles in the alphabetical arrangement. I he 3d edition 
of this Encyclopajdia, superintended by Dr. Gtcig, was 
finished in 1800; the whole with n supplement, making 
20 large volumes. It contains, besides the general mat¬ 
ters treated in Chambers’s work, the additional subjects of 
biography, history, and geography. It is a work, in many 
n'spccis, of considcrubie c.xcellencc : it commonly ex¬ 
plains the principles and practices, in the various arls and 
scietices, with great correctness and prr.s|ricuity. Many 
of the treatises it contains, wi re drawn up by some of the 
most eminent Scotch professors, which do them great cre¬ 
dit.—'i he English Encycloptedia was completed in 10 vols. 
4lo, in 1803. Thu names of its comliicion are not men¬ 
tioned ; but they are commonly understood to have bren 
Dr. Aikiii and Mr. HouUton. Its general plan is much 
like that of the Ency'clopredin Britannien, but much less 
imbued with original masterly compositions. 

buch is the general diffusion of knowledge in this coun¬ 
try, and so prevalent is the desire to possess a libmiy as 
it were, in one work, that besides two general dictionarici 
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just /inished, no less than six others arc now in course of 
publication, viz, The Encjxiopicdia Lonninciisis; a new 
edition of the Encyclopajdia Pcrtiiensis; Brewster’s Edin¬ 
burgh Encycitipxdia; the Pantologia, or New Cyclopai- 
dia, by Mr. Good, Dr. O. Gregory, and Mr. Bosworth, in¬ 
cluding all English words, besides all sciences and human 
knowledge, to be comprised in 10 or 12 volumc-s; also 
a new edition of the Eiicycloptndia Britannica, and Dr. 
Rees's New Cyclopaidia, both to be extended to several 
more volumes. 

ENDECAGON, a plane geometrical figure of eleven 
sides and angles, otherwise called undecagon'. If each side 
of this figure be 1, its area will bo = y of the 

tang, of 73 rV degrees, to the radius 1. See iny MenMira- 
tioii, pa. 85 ,&c, 4tli edit. See also Rtcclar Figure. 

ENFILA'DE, a French term in Fortilicatioii, applied to 
those trenches, and other lines, that arc ranged in a right 
line, and so may be scoured or swept by the cannon leiioih* 
ways, or in the direction of the line. •{ ° 

To Enfilade, is to sweep lengthways by the firin'* of 
cannon, &c. ® 

ABatteryd Enfilade, is that where the cannon sweep 
a right line. 

(FEnpilade, is a height from 
>vhich a whole line may be swept at once* 

ENGINE, in Mechanics, acompound machine,consist¬ 
ing of several simple ones, as wheels, screws, levers, or the 
like, combined together, in order to lift, cast, or sustain a 
weight, or produce some other considerable cflcct,so us to 
save either force or time. There arc numberless kinds of 
engines; of which some arc for war, as the Balista, Cata- 
pulia, Scorpion, Aries or Ham, &c; others for the arts of 
peace, as mills, cranes, presses, clocks, watches,&c, &c. 

E.NGINEER is applied toa contriver or maker of any 
kind of useful engines or machines; or who is particularly 
skilled or employed in them. And he is denominated 
either a civil or military engineer, according as the objects 
of his profession respect civil or military purposes. 

A military engineer should be an expert mathematician 
and draughtsman, and pariipularly versed in fortification 
and gunnery, being the person officially employed to di- 
\uu* operations both for attacking and defending works. 
When at a siege the engineers have narrowly surveyed the 
place, they arc to make their report to the general, or 
commander, by acquainting him which part they judge 
the weakest, and where approaches may be made with 
most success. It is their business also to draw the lines 
of qirciimvallalion and coiitravallation ; also to mark out 
the trenches, places of arms, balterics, and lodgments, 
luid in general to direct the workmen in all such opera¬ 
tions.- ^ 

ENHARMONIC, the last of the three kinds of mujic. 
u abounds in dieses, or the least sensible divisions of a tone, 
hec Philos. Trans. No. 481 ; also Wallis's Appendix to 
Ptolem.pa. |C 5 , iCfi. 

■ in Chronology, a cycle or pc- 

nod of 19 solar years, being the same as the golden nupi- 
«r and lunar cycle, or cycle of the moon; which sec; as 
®Iio Embolissiic. 

ENNEAGON, a plane geometrical figure of 9 sides and 
Mglu; and othenvisc Called a noiiagon. • If each side' 
ot this figure be 1, its area will be 6*1818249 = 1 of the 
tang, of 70 degrees, to the radius 1. See my Mensuration, 
‘’Vv./nt .1 ‘he article REouLAuFi^rr. 

'n Architecture, is that part of tlic 


order of a column which is over the capital, comprehend¬ 
ing the architrave, frizc, and cornice. 

Entabl.stuhe, or ExTAiii.EMENT, is sometimes also 
used for the last row ol stones on tla- top of the wall of a 
building, on wliich the timber and covering rest ; some¬ 
times also called the drij), because it projects a little, to 
throw the water ofl'. 

envelope, ill Fortification, is a mound of earth, 
sometimes raised in the ditch of a jilace, and sometimes 
beyond it, being cither in form of a single parapet, or of a 
small parapet bordered with a parapet. These envelopes 
arc maile only to cover weak parts with single lines, with¬ 
out advancing towards the field, which cannot be done 
without works that require a great deal of room, such as 
hotn-works, half-moons, &c. Envelopes are somctiiius 
called Sillons, Controgards, Conserves, Lunettes, kc. 

^ F.NUMERAI10N, numbering or counting. Sir Isaac 
Newton wrote a very ingenious treatise on the enumeration 
of the lines of the 3d order. 

EOLIPILE. See vtoLiriLE. 

EPACT, in Chronology, the excess of the solar month 
above the lunar synodical month; or of the solar year 
above the lunar year of 12 synodical months; or of several 
solar months above as many synodical months; or of several 
solar years above as many periods each consisting of IS 
synodical months. 

The cpacts therefore are cither annual or menstrual. 

Meiutmal Epacts, arc the excesses of the civil calen¬ 
dar month above the lunar month. Suppose, for example, 
it were new moon on the 1st day of January: then since 
the month of January contains 31 days. 

And the lunar month - - 29** 12^ 44* 3* • 

The menstrual cpact is • - 1 II 15 57 

Annual Epacts, are the excesses of the solar year above 
the lunar. II«nce, 

As the Julian solar year is - 365 ** 6 * 0 * O’, 

And the Julian lunar year - 354 8 48 38 , 

The aniiunl epact will be - 10 21 II 22* 

that is, almost 11 days. Consequently the cpact of 2 
years, is 22 days; of 3 years, S3 days; or rather 3 , since 
30 days make an cmbi^ismic, or intercalary month ; 
therefore, adding still ll, 4 hc epact of 4 years is 14 days; 
and so 0^ the rest ns in the following tabic, where it may 
be observed, that they do not become 30 , or 0 again, till 
the 19th year; so that at the 20th year the cpact is 11 
again; and hence (he cycle of epacts expires with the gol¬ 
den number, or lunar cycle of 19 years, and begins with 
the same again. A 


Numb. 

Epacti. 

Go)<l«ii 

Numb. 

Epacts. 

Golden 

Numb. 

Ei»cu. 1 

1 

11 

VIII 

1 

28 

XV 

15 

11 

22 

IX 

9 

XVI 

26 

in 

3 

X 

20 

xvir 

8 

IV 

14 

XI 

1 

XVIII 

IS 

V 

25 

XII 

12 

XIX 

307 

VI 

VII 

6 

17 

xni 

XIV 

23 

4 1 


or 03 


Again, as the new moons are the same, or fall on the 
same day, every I 9 years, so'the dillcrcncc between the so¬ 
lar and lunar yeai-s is the same every 19 ye^rs. And be¬ 
cause the said difference is always to be added to thclunar 
year, to adjust or make it equal to the solar year; ihore- 
fore the said difference respectively belonging to each year 
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r.rilie moon’s cycle, h ciillcd iUc cpact of the said year, 
that is,tlic number to be added to the said )ear, to make 
it equal to the scalar )car; and upon this muttial relation 
between the cycle ol the moon and the c)cle of thccpacts, 
is hiunJcd this 

Rule for fitiditifr the Julian Epaci, behnpint; (o any year 
of (he liloons C^t7c.^MuUiply the golden number, or the 
gwew year of the moon's cycle, by 11, ami ilie [iroduct will 
he the opact, if it be le»8 than 30; but if it exceed 30, then 
reject as many 30’s as the product contains, and the re¬ 
mainder will he the epacl- 

Rulc to find the G}rt(orifin EyW/.—1st, The diflercncc 
between the Julian and Gregoriiio years being otjual to the 
dilTerence between the solar nml lunar year, or 11 clays, 
therefore the Gregorian cpact for any ) ear is the same \\jth 
the Julian opacl (nr the preceding year; and hence the 
Gregorian epact will be found, hy >ubtracting 1 from the 
golden number, multiplying tlie remainder by 11, and re¬ 
jecting the 30s ; wliitli rule will serve till the year 1900; 
but after ilia I year, the Gregorian epact will te found by 
this rule: Divide the centuries of the given year by 4; 
multiply the remainder by 17 ; and to this product add 43 
times the quotient, as also the number 8(>, and divide the 
whole sniii by 2 j, reserving the quotient: next multiply 
the golden niiinbcr hy 11, and from the product subtract 
the reserved quotient; so shall the remainder, after reject¬ 
ing all the 30's contained in it, be the epact souglit. 

The following tabic contains the golden numbers, with 
their corresponding epacts, till the year 1900 . 


Table of Gregorian Epacis, 


(snUiert 

Numb. 


Numb. 

Epatti. 1 

Golden 

Numb. 

Epftcti. 

1 

0 

VIII 

17 

XV 

4 

tl 

11 

tx 

28 

XVI 

15 

III 

22 

X 

9 

xvri 

2d 

IV 

3 

XI 

20 

X V 111 

7 

? 

14 

xti 

1 

XIX 

18 

VI 

25 

XIII 

12‘ 

I 

O 

VII 

6 

X JV 

23 

. 



On the subject of epacts, seaWolfais's Elemcnta Chro- 
nologix; apiid Opera, tom. 4, pa. 133; also Pliilos. Trans* 
voK 46, pa. 4I7» or No, 495, art. 5. 

EPAULE, tir Kspaule, in Fortification, the shoulder 
of the bastion, or the angle made by tlic face and flank, 
otherwise called the angle of the epaule* 

EPAULEMEN'r, in Fortification, a sicle*work hastily 
raised, to cover the cannon or tlie men; find is made either 
of earth thrown up, or bags filled with cartli or sand,'or of 
gabions, or fascines,&c; of which hitter sort arc commonly 
constructed the cpaulcmcnts of the places of arms for the 
cavalry behind the trenches. 

Epaulemekt, is also used for a dcnii-bastion, consist¬ 
ing of a face and flunk, placed at the point of a horn- 
work or crowu-work: and u little flank added to the sides 
' of horn-works, to defend them when they are too long: also 
for the redoubts made on a right line, to fortify it. And 
lastly, for an orillon, or mass of earth almost square^ faced 
QDcl lined with a wall, and designed to cover the cannon of 
a casemate. 

EPHEMERIS, Epn EMERiDBS, tables calculated by 
astronomers, showing the present state of the heavens for 
every day at noon; that is, the places in which all the 
arc found at that time; differing but little from an 
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astronomical almanac. It is from such tables as these that 
the eclipses, conjunctions, and aspects of the planets arc 
computed; as also horoscopes, or celestial schemes, con¬ 
structed, t<c* 

The following list of authors of published ephcmcridcv 
has been chiefly collected from WeidleFI History of As¬ 
tronomy, in 4 to. 741. 


Reeb^monttnui,/roml4 7S to 

1506 

Beaulic^i 

from 1701 to 1716 

Atigelu 

— 1494 — 

1500 

Manftcdi 

— 1715 — 

1795 

Siocfler 

— U04 — 

1551 


— 1795 — 

1750 

Seboner 

— U3.1 


Ghiiler 

— 1791 — 

1740 



1 ^ M 


_ « .9 -s A _ - 

1756 

\>«uricus 

Rheticus 

— 15SO 

f 

ConnolsSftnce dn 

8 imi 

— 1554 — 

1566 

Tein|i9, bj 



MiuU 

— 1555 —• 

1557 

Picard 

— 1679 — 


Pit.^tui 

— I55*i — 

1569 

Lefehvrc 

— I 6 b 6 — 

1701 

Stftdiiift 

— 1554 — 

1576 

IJcuCj^ud 

— 1701 — 

1799 

CoreUL 

~ 155S — 

1577 

Godin 

— 1799 — 

1715 

Leovitius 

— 1556 — 

1606 

Mankli 

— 1715 — 

1700 

Molftius 

— 1564 — 

1564 

L^boiU 

— 1760— 

n7> 

Mftc'ious 

^ 13BJ — 

1610 

Jeaurmt 

— 1775 — 

1766- 

ScaU 

_ t5S9— 

1600 

Mechain 

— 1783 — 

1794 

Evrrlun 

— 1590 — 

1615 

Commisiion 

— 1795 


Ori^%r> 

— 1595— 

1055 

Boerd ot JLoii« 

1 Sir. &r. 

Kepler 

_ 1617 — 

I 6 i 0 

ciiude 




— 16.10 — 

1616 

Epnemendet 



Ar^oU 

— 1691 — 

1640 

dee Mouve< 



Durret 

— I 6 .J 7 *— 

1649 

meu) Cele* 




— 1043 — 

1700 

te 4 , by 



Montebrun 

— 1641 ~ 

. 1660 

Dr^iiUcet 

— 171 s ^ 17Q5 

Wing 

— 1659 — 

* 1679 


— 1795 - 

• 1735 

MalviiU 

— l 66 « — 1667 


— 1735 1744 

PaUti 

1664 — 1670 

Len&lle 

— 1745 - 

- 1755 


« AAA __ 

- 4 AS n 


_ «4 1^4 _ 

. 1 «ir«. 

ilccKcr 

Gsdhury 

J ooo —“ 

— 1679 — 

• 1 CIBU 

' 1701 


— 1765 — 177 s. 

Moze^vnehU 

— I 675 — 1684 

Lftitnde 

— 1775 - 

- 1784 


— 1709 - 

- 1790 


— 1765 

-.1799 

Kirchtuf 

— 1681 — 1699 

Neuiictl All 

DU* 


LicuUttd 

— 1691 - 

• 1799 

nee, by 



Juntuj 

« i;OI — 170 a 

1 M«>kelyne 

— 1767 — 1S16 

LAinre 

^ 1701 1709 

1 



There arc now published such cphemcridi’S by the Aca* 


demies of several other nations; but lhat'which is in most 
esteem for its accuracy and use in finding the longitude, is 
the Nautical Almanac, or Astrunumical ICphemcris, pub¬ 
lished in England by the Hoard of longitude, under thc> 
din clion of the astronomer royal, which commenced with. 
the year 1767, by Dr. Maskelyno: besides many other 
smaller annual ophcmcridcs, by While, Partridge, Parker^ 
ah<l many more. 

KPICHARMUS, an ancient poet and philosopher, 
born in Sicily, was a scholar of Pythagoras, and flourished 
in the time bf Micro, in whose rcigu it is said he introduced 
comedy at Syracuse. lie also wrote treatise on philoso¬ 
phy and medicine; but none of his work# have been prt> 
served. He died at 90 years of age, according to Laertius, 
who has preserved four verses inscribed on his statue. 

EPICUUUS, a celebrated ancient philosopher, was 
bom at Gargettium in Atticn, in the 109th Olympiad, or* 
about 340 years before Christ. He settled at Athens in a 
fine garden he had bought; where he lived with his friends- 
in much tmnquillity, and educated a greot number of dis*^* 
ciples; who lived all in common with tlicir master. HiV 
school was never divided, but his doctrine was followed as* 
an oracle; and the respect which his disciples paid to his 
memory is admirable; his birtli-rlay being kept even in 
Pliny’s lime, and the month he was born in was ob¬ 
served as a continued festival; bis picture was also dis¬ 
played in numberless places* He wrote a great many • 
books, and valued himself upon making no cjuotations. He 
raised the atomical system to great rep ulatton^ though he 
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was not the inventor of it, but only made some change in 
that of Democritus. As to liis doctrine concerning the 
supreme go(^d or happiness, it was very liable to be misrc* 
presented, and some ill cfl'ccls proceeded fron\ thence, 
which discrt(|j[tcd his sect, though undc*scrvcdly* He was 
charged w^li p^erting the worship of the gods, and in¬ 
citing men tp debauchery. But \io did not forget himself 
on this occasion : he published his opinions to the whole 
world; wrote some books of devotion; recommended the 
veneration of the gods, sobriety, and chastity, living in an 
exemplary manner, and conformably to the rules of philo¬ 
sophical wisdom and frugality. Gosssendus has given us 
all that he could collect from the ancients concerning the 
person and doctrine of this philosopher; by Nvhom we are 
informed that he died of a^suppR‘ssion of urine, at the age 
of 72 years. 

Epicurean Philosophy ^ the doctrine, or system of phi¬ 
losophy, maintained by Epicurus and his followers; which 
consisted of three parts; canonical, physical, and ethical. 
The first respected the canons or rules of judging; in which 
soundness and simplicity of sense, assisted by some natural 
reflections, chiefly formed his art. His search after truth 
proceeded only by the senses; to the evidence of which be 
gave so great a certainty, that he considered thciti%s an 
infallible rule of truth, and termed them the first natural 
Hght of mankind. In the id part of his philosophy he 
laid down atoms, space, and gravity, as the first principles 
of all things, lie asserted the existence of a God, whom 
he accounted a blessed immortal being, but who did not 
concern himself with human affairs. 

As to his ethics, he made Che supreme good of man to 
consist in pleasure, and consequently supreme evil in pain. 
Nature itself, says he, teaches us this truth; and prompt 
Us from our birth to procure whatever gives us pleasure, 
and to avoid that wiiich gives us pain. To this end he 
proposes a remedy against the sharpness of pain, which is 
to divert the mind from it, by turning our whole attention 
upon the {Icasurcs we have formerly enjoyed. He held 
that the wise man must be happy, as long as be is wise: 
pain, by not depriving him of his wisdom, cannot deprive 
him of his happiness: from which it would seem that his 
pleasure coAsisted rather in intellectual Chan in sensual 
enjoyments; though this is a point strongly contested: pro* 
babfy in both. . 

EPICUREANS, the sect of philosophers holding or 
following the principles and doctrine of Epicurus. As 
the nature of the pleasure, in which the chief happiness 
of man is supposed to be seated, is a great problem in the 
morals of Epicurus, there hence arise two kinds of Epicu* 
rcans, the rigid and the remiss: the first w'cre those who 
understood Epicurus's notion of pleasure in the best sense, 
and,placed all their happiness in the pure pleasures of the 
mind, arising from the practice of virtue: while the loose 
or rgmiss Epicureans, taking the words of that philoso¬ 
pher in a gross sense, placed all their happiness in bodily 
pleasures or debauchery. 

EPICYCLE, in the ancient Astronomy, a little circle 
having iu centre in the circumference of a greater one.* 
or a small orb or sphere, which being fixed in the de¬ 
ferent of a planet, is carried along with it, and yet, by its 
own pwuliar motion, carries the planet fastened to it 
round its proper centre.—It was by means of epicycles 
that Ptolemy and his followers solved the various pheno¬ 
mena of the' planets, but more especially their stations and 
rctrogradations. 


epicycloid, is a cur\opcr>eratcd by the revolution 
of a point of the periphery of a circle, which rolls along 
or upon the circumference of another circle, oiiher on 
the convc.K or concave side of it. When a circle rolls 
along a straight lino, a point in ii> circumference describes 
the curve called a cycloid. But if, instead of the rigUt 
line, ibe circle roll along the circumference of another 
circle, either equal to the fornjer or not, then the curve 
described by any point in its circumference is what is 
called the epicycloid. 

If the generating circle roll along the convevitv of the 
circumference, the curve is called an upper, or exterior 
epicycloid; but if along the concovity, it is called a 
lower, or interior epicycloid. Also the circle that re¬ 
volves is called the gencrant; and the arc of that circle 
along which it revolves, is called the base of the epicy¬ 
cloid. 

Fig. I. Fig, 2. 




Thus, in the above figure, geif is the exterior epicy¬ 
cloid, and gef the interior epicycloid, to the former of 
which £B is the gencrant, and gbf the base, and to the 
latter the circle rii is the gencrant, having the arc of lor 
its base. 

The honour of the invention of this curve is due to M. 
Roemer, a celebrated Danish astronomer, who did not 
treat of it as a purely geometrical speculation; but as one 
of great utility, being, as he thought, the form which 
ought to be given to the teeth of wheels, in machinery, 
in order to diminish the friction of them against each 
other, and to render the action of the powers more equal. 
This idea occurred to M. Roomer while he was in Paris 
about the year 16/4, hotwithstunding M. Labirc, j n 
1694 , published a work upon this subject, and seems to 
lay claim to the invention; but he was justly confuted 
by Leibnitz, who was in Paris during the visit of the 
Danish mathematician Roomer, and knew both of the 
invention and its application to mechanical purposes. 
Sir Isaac Newton and John Bernoulli have each consi¬ 
dered the nature and properties of this curve, which are 
both numerous and interesting; but our limits will only 
admit the insertion of some of those which arc more par¬ 
ticularly deserving of attention. It is a remarkable pro¬ 
perty of circular epicycloids, that they arc sometimes 
geometrical, ihougli the common cycloid, winch is much 
more simple in appearance, as a right is more simple than 
a curve, is always mechanical, or transcendentaL The 
cases where the epicycloid is geometrical, arc those in 
which there is a numerical ratio between the circum¬ 
ferences of the circle which forms the base, and the gene- 
rant ; for where there is no rational ratio between them, 
the curve becomes mechanical. 

It is also a remarkable property of epicycloids, whether 
they be geometrical or transcendental, that they are al¬ 
ways rectifiable, at least in the case where the describing 
point is taken in the circumfcruice of the generating 
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<irfk' Thus, the curve ol the tpicycloul gep, is to 4 
tunes the iliiimou r of the nciicnuin^ circle be, astfie sum 
of tlic- iliainclers of the two circUs, is to tliiU ot the base, 
liut if ihe epic) cl.n<l is inferior, as then instead of the 
sum of tli<“ iliaineters \ve must take their dilieienre. 

!t may also lx- observed, as a curious circumstance, 
that when ihe diameter of the ••eiieraiit is equal to half 
that of the cu t le fonnin;; the base, us in li". 2 ; tlicn the 
epicycloid degenerates into a right line, describing the 
diameter of the latter circle. We may also fuilher re¬ 
mark, that when the describing point is taken cither 
within or without the generaiit. the length ol the epicy¬ 
cloid iseijual to the circumference of an ellipse, which is 
easily constructeil. 

As to the areas of epicycloids, they are determined 
from the following propoi'tion. As llie nidius of the 
circle forming the base, is to 3 limes that radius plus 
twice that ofthcgeiu rant ; so is the circular segment bi, to 
the epicycloidical space bir or, so is the whole urea ot 
tlic geiierant, to the entire urea of the epicycloid msB. 

Dr. Halley luA also given a general proposition for the 
measuring of all cycloids and epicycloids: which is this, 
the area of a cyth id, or epicycloid, cither primary, or 
contnicteil, or prolate, is to the area of the g*-nemfing 
circle; and also the areas of the parts generated in those 
curves, to tlie areas of analogous segments of the circle; 
as the sum of double the velocity of the centre and the 
velocity of llie circular motion, is to this velocity of the 
circular motion. See the Deinonstr. in the Philos. I rans. 
No.218, or my Abridg. vol. 4. pa. 47. 

Spherical Eimcycloids arc formed by o point of the 
revolving circle, when its plane makes a constant angle 
with the plane of the circle on which it revolves. Messrs. 
Eemoulli, iMaupcrtuib, Nicole, and Clairaut, have de¬ 
monstrated several properties of these epicycloids, in Hist. 

Acad. Sci. for 1732. 

Epicycldi i)s. Parabolic, Elliptic, &c. 

If a parabola roll upon another equal to it; its focus 
will describe a right line perpendicular to the axis of the 
quiescent parahola : also the verte.x of the rolling para¬ 
bola will describe the cissoid of Diodes; and any other 
point of it will describe stmie one of Newton s defective 
hyperbolas, having a double point in the like point of the 
quiescent parabola. 

In like manner, if an ellipse revolve upon another el¬ 
lipse, equal and similar to it, its focus will describe a 
c^cle, whose centre is in the otlier focus, and consequently 
the radius is equal to the a.xis of the ellipsis; and any 
other point in the plane of the ellipse will describe a line 
of the 4lh order. 

The same may be sai<I also of an hyperbola, revolving 
upon another, equal and similar to it; for one of the foci 
will describe a circle, having its centre in the other focus, 
and tlic radius will be the principal axis of the hyperbola; 


and any oilier point of the liyperbola will describe a line 
of the -nil order. 


Concerning tlu'se lines, see Newton’s Principia, lib. \ ; 
also Lahirc’s Memoircs de Mathematique fift, where he 
shows the nature of this line, and its use iirtStcchanics ; 

- 4 * ^ _ 1 ^ 9 . 
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Manifestation of Christ to the Ggntilcs, observed on the 
6 lh of January, in honour of tlw appaarance of Christ to 
the three magi or wise men, who came to adore him and 

brin^ Uim prc>ent9. - • 

EPISTYLE, in the ancient Arcliiteclun-, a terra used , 
by the Greeks for what we call the architrave, viz, a iflassivc 
stone, or .a piece of^ wood, Ifltd immediately over the 

capital of a column. . 

EPOCH, or Epociia, a term or fixed point of time, 
whence the succeeding years arc numbered or reckoned. 
Diflcrcnt nations make use ot different epochs. The 
Christians chiellyusc the epoch of the nativity or incarna¬ 
tion of Jesus Christ; the Mahometans, that of the He¬ 
gira; the Jews, tliat of the Creation of the World, or that 
3f the Deluge; the ancient Greeks, that ol the Olym¬ 
piads; the liomaiis, that of the Building of their City ; the 
undent Persians and Assyrians, that of Nabnnassar ; &c. 

The doctrine and use of epochs is of very great extent 
in chronology. To reduce the years ofonc epoch to those 
of another, i. c. to find what year of one corresponds to 
a given year of another ; a period of years has been m- 
venlcd, which, commencing before uU the known epochs, 
is, as it were, a common receptacle of them all, called 
the Julian Period. To this period all the epochs arc rtw 
duced ; that is, the year of this period when each epoch 
commences, is so determined; that, adding the given 
year of one epoch to the year ofthc period corresponding 
with its rise, and from ilie sum subtracting the year of the 
same period coircspontling to the other epoch, the re¬ 
mainder is the year of the required epoch. 

Epoch o/ Christ, is the common epoch throughout 

Europe, commencing at the supposed lime of his nulivily, 
December 25; or rather, according to the usual ac¬ 
count, from his circumcision, or the 1st of January. 
The author of this epoch was an abbot of llome, one 
I)i(.nysius Exiguus, n Scythian, about the year 507 or 
527 . Dionysius began his account from the conception 
orincanmtion, usually called the Annunciation,or wdy- 
Day; which method obtainc.l in the di.mimons of Great 
Britain till the year 1752, before which Umc the Diony¬ 
sian was the same as the English epoch: but in that year 
the Gregprian calendar having been admitted by act ot 
pUrliamcnt, they now reckon from the firal of January^ 
is in the other parts of Europe, except m 
Rome, where the epoch of the Incaroation-sull obtains- 

for the date of their bulls. 
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A Fable of t/te Ycart of the most remarkahU Epeefis or Eras and Erails. 


N. B« Tlie )T 4 fs before Cfkrist, arc those l>efbre <Le reputed year of U'ls utidaoi 

«reckonet back from the ficn year of hW agCi as Is ^cnerallv done in such tables. 


The Creation of the \\ orld 

ThtfDeluge, or Noah's flood •••••• 

Assyrian monarchy fouiidctf by Nimrod • • - - 

The birth of Abraham 

Kingdom of Athens founded by Cecrops - • . • 

Entrance of the Israelites into Canaan. 

* The destruction of Troy 
Solomon s temple founded 
The Argonautic expedition 
Lycurgus funned his laus 

Arbaces, first king of the Modes - • • ^ • 

Olympiatis of the Greeks began 

Home built» or Roman Era • • . • 

Era of Nahonassar 

First Babylonish captivity, by Nebuchadnezzar - . • 

The 2d ditto, and birth of Cyrus 

Solomon's temple destroyed 

Cyrus began to reign in Babylon 

Peloponnesian war began • • . - 

Alexander the Great died - • • « • • • 

Captivity of 100,000 Jews by Ptolemy • - • • 

Archimedes killed at Syracuse • • . • - • • 

Julius Cssar invaded Britain 

He corrected the calendar • • • • . - 

The true year of Christ's birth -••••• 

The C4ri/fien Era begins here. 

Dionysian,or vulgar era of Christs birth. 

Christ crucified, Friday April 3d 
Jerusalem destroyed 
Adrian's wall built in Britam' 

Diocicsian Epoch, or^fhat of Martyrs 
The council of Nice - 
Constantine the Great died • 

The Saxons invited into Britain 
Hegira, or flight of Mohammed 
Death of Mohammed - 
The Persian Vesdegird 

Sun, Moon, and Planets ^^ , J , ^ in i&, seen from the earth 
Art orprinting discovered 

The Reformation begun by Martin Luther • • • . . 

The Calendar corrected by Pope Gregory - • « - - 

Oliver Cromwell died « - • • • 

Sir Isaac Newton born, Dec. 25 

Made President of the Royal Society • - 

Died, March 20lh - - • - • • 

New Planet discovered by IIcrschol • - • . - 


1 Jiiliau 
P<nurt, 

\‘rzr oC l1<i 
W urlJ. 

1 \^ri \^CoTc 
^ Christ. 

70{) 

1) 

1007 


1656 

2351 

2537 

1831 

21(;7 

2714 

2008 

1999 

3157 

2451 

1556 

3262 

2550 

1451 

3529 

2823 

1184 

3701 

29.05 

1012 

3776 

3‘i70 

.037 

3S2‘1 

3103 

884 

3S3.S 

3132 

875 

3938 

3232 

775 

3901 

3255 

752 

39<»7 

3201 

716 

4107 

3401 

606 

4114 

3408 

599 

4125 

3419 

588 

4177 

3471 ' 

536 

4282 

3576 

431 

4390 

3684 

323 

4393 

3687 

320 

4506' 

3800 

207 

4659 

3953 

54 

4667 

3961 

46 

4709 

% 

4003 1 

1 

4 

YtTifu lince 
Clirist. 

4717 

4007 

0 

47K) 

4010 

33 

4783 

4077 

70 

4833 

4127 

120 

49.07 

4291 

284 

5038 

4332 

325 

3050 

4344 

337 

5158 

4452 

445 

5335 

4629 

622 

5343 

4637 

630 

5344 

4^38 

631 

5899 

5193 

1186 

6153 

5447 

1440 

6230 

5524 

1517 

6295 

5589 

1582 

6371 

5665 

1658 

6355 

5649 

1642 

6416 

5710 

1703 

6440 

5734 

1727 

6494 

5788 

1781 • 


EPROUVETTE, in Gunnery^ is a machine for showing 
the strength or quality of gunpowder* Eprouvettes have 
been mode of various kinds and shapes. The best is that 
described in iny Tracts, vol. 3, pa. 153. 

EQUABLE .Vbrion, C^/crify, Velocity, &c, is that which 
is uniform, or without alteration, or by which equal spaces 
are ppsed over in equal times. Hence, thcspaces, pasted 
over in equable motions, are proportitmal to the rimes* So 
that if a bo<Jy pass over 20 feet in Mccond of time, it 
will pass over 40 feet in 2 seconds, ai^o on. 

Equably Accelerated or Ac, is when the mo* 


tion or change is increased or decreased by equal quar 
titles or degrees in equal times. 

EQUAL, a term of relation between dflTerent thing? 
but of the same kind, magnitude, quantity, or quality.— 
'VVollius defines equals to he those things that may be substi 
tuted for each other, without any alteration of their quan 
tit^.—It is an axiom in mathematics 6cc, that two thing 
which are equal to the same tilings arc also equal to ceci 
other. And if equals be equally altered, by equal ad 
dition, subtraction, mtdtiplicatioD, division, &c, the re 
suits will be also equak. 
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KgUAL Circles^ arc those whose ciiamders arc equal. 

IwUAi. Afif^Us, are those whose sides are equally in* 
cliiiedf or wlucli arc measured by similar arcs of circles* 

Equal Linesy are lines ol the same length* 

Equal Plane Fif^ures, are tijose whose areas are equal; 
wlicthcr the figures be of the same form or not. 

Equ al Solidsy are such as arc of the same s|>acc, capa* 
city, or solid content; whether tliey he of liic same kind 
Ol not. 

Equal Curvaiurts, arc such as have the same or equal 
radii of curvature. 

I.qual Ratios, are lliosc whose terms arc in the same 
proportion. 

Equal, in Optics, is said of things that are seen under 
e<|iKil angles. 

EQUALITY, tin exact agrceiiunl of two things in re* 
Aftpet to their ({uantity. Those figures are e(iual which 
Bay occupy tlie same space, or may be conceived to pos* 
sess the same space, thehexionor transposition of their 
))arls. See a learned discourse upon this subject, by Dr. 
Barrow, in Ins Hlh and 12th Matliematical L<'Ctur(*$. 

Equality, in Algebra, the relation or comparison be¬ 
tween two ({uaiJtities that aic really or cflectuully equal. 
See Equation. —Ivquality, in Algebra, is usually denoted 
by two etjual parallel liqes, as s : thus 2 3 = 5, i.o. 

2 plus 3, are equal to 5. 'Ehis character = was first in¬ 
troduced 1^' Robert Recorile. Descartes, and some others 
after him, use the mark cc ins((*nd of it: as2 -t- 3 oc 5. 

Equality, in Astronomy. Circle of Equality, or 
the Equant. See Cikclk, and Equant. 

Ratio or Proportion of Equality, b that between two 
equal numbers or (|uaniitic$. 

'Profnn-tion of Equality eienly ranged^ or ex aquo or- 
dinata^ is that in which two terms, in a rank or series, are 
proportional to sis many terms in another series,compared 
to ^ch other in the same order, i. c. the first of one rank 
to the fine of another, the 2d to the 2d, &c« 

Proportion of Equality evenly disturbed^ culled also ex 
aquo pcrtarlmtUf is that in which mure than two terms of 
one rank, are proportional to ns many terms of another, 
compared to each other in a tliffcrent and interrupted or- 
<ier; viz, the 1st of one rank to the 2d of another, the 2d 
to the 3d, &c. 

EQUANT, oryEQUANT, in Astronomy, a circle for^ 
mcrly conccjvcd by astronomers, in the plane of the de¬ 
ferent, or cxcentric; for regulating and adjusting certain 
motions of the planets, and re<lucing them more easily to a 
calculus: but in the modern astronomy they arc not used, 
EQUATED 4f^omQly. See Anomaly. 

Equated Bodies, On Gunter’s Sector are sometimes 
placed two lines, answering to one another, and called the 
linos of equated bodies; being situated between the lines * 
of superficies and solids, and ure marked with the letters 
D, I, c, S| o, T, to signify dodecahedron, icosahedron, 
cube, sphere, octahedron, and tetrahedron. 

I'he uses of liii'se lines are, 1st, When the diameter of 
the^sphere is given, to find the sides of the five regular 
bodies, each equal to ilmt sphere; 2d, From the side of 
any one of those bodies being given, to find the diameter 
of the sphere, and the sides of the other bodies, which 
shall be each equal to the lirst given body. So that when 
the sphere is given, take its diameter, and apply it on tho 
sector in the points a, s; but when one of the other five 
bodies is given, apply its side over in its proper points; 


then the parallels taken from between the points of the 
other bodies, or sphere, will be the sides or diameter, equal 
bcvcrally to the sphere or body first given. 

EQUATION, in Algebra, an expression of equality 
betw cen two different quantities ; or two quantities, w he- 
ther simple or compound, with the mark of equality be¬ 
tween them : as2-i-3 = 7 — 2; or2 x 3=o;or5x 3 
^30-i-2; or a 6 =c; = &c. When 

tbc two sides of the equation arc the same, the expression 
becomes an identity, as 5 = 5, ora = o, &c« Sometimcsi 
tbc quantities arc placed all on one side, and made equal 
to 0, or nothing, on the other side ;a5 d<—5=0, ora-«5 
= 0 : which is no more than setting down the difference 
of two equal quantities equal to nothing.—The character 
or sign usually employed to denote an equation, is =, - 
which is placed between the two equal quantities, called 
the two sides of the equation. 

The TVrwis of an Equatiok, arc tlic several quantities 
or parts* of which it is composed. Thus, of the equation 
n -K 5 =; c, the terms arc a, 5, and c: and the tenor or im¬ 
port of the expression is, that some quantity represented 
by c, is equal to two others represented by a and 5. 
Equations arc either simple or affected or compound. 

A Siffiple Equation is that which has only one power 
of the unknown quantity : as a -f- x = 35, or ax^ =5c, or 
H- 2x^ ss 55, &c; where x denotes the unknown quan¬ 
tity, and the other letters known ones. 

An Affected, or Atifectedpor Cbm/ioandE quation, con¬ 
tains two nr more different powers: as x*ox =: 5, or 
x* — 4x* Sx = 25, &c. 

Again, equations are denominated from the highest 
power contained in them; as quadratic, cubic, biquadratic, 
6 cc. Thus, 

A Sltiadraiic Equation, is that in which the unknown 
quantity rises to two dimensions, or to the square or 2d 
pow er: as x* •♦- 20x = 200, or x' — nx = i. 

A Cubic Equation, is that in which the unknown 
quantity is of three dimensions, or rises to the 3d power: 
as x^ = 25, or x’ — 2x* = 27»' or x^ — ax* -h 5x = c. 

A Biquadratic Equation, is that in which the unknown 
quantity is of 4 dimensions, or rises to the 4th or biqua¬ 
dratic power: os = 25, or x* — 20x = 10, or x^ •f* ox^ 
6x* -h ex = £/. 

And so on for other higher orders of equations. 

The Root of an Equation, is the value of tbc un¬ 
known letter or quantity contained in it. And tbis valuc 
being substituted in the terms of tbc equation instead of 
that letter or quantity, will cause both sides to vanish, or 
will make the one side exactly equal to the other. So tho 
root of the equation 3x h- 18 = 24, is 2; for by using 
2 for X, it becomes 3* 2-*- 18 = 0 + 18 = 24. 

Every equation has os mony roots as it has'dimensions, 
or as it contains units in the index of the highest power, 
when the powers arc all reduced to integral exponents. 
So the simple equation of the 1st power, has only one 
root; but the quadratic has 2, the cubic 3, the biqua^ 
dratic 4, &c. Thus the two roots of this equation 
X* — 4x = — 3 arc 1 and S; for either of these substi¬ 
tuted for X makes x* — 4x = — 3. Also the three roots 
of X* — 4x* — 1 lx = — 30, or x^ — 4x**— 1 lx + 30= 0, 
are 2, 5, and — 3; as will appear by substituting each of 
these instead of x in tbc equation, by which means it will 
always be found to be'equal to 0. And so of others. 

On the Relation between the Roots tff Rqualione^ and tbe 
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(Efficients of their Terms.—In every cquatio?)^ when ihc 
terms are ranged in order according to ihc order of the 
powers, the greater before the less; the first term or 
highrsl power being freed of its coefficient, by difiding ail 
the terms of tlie equation by it, and all brought to one 
side, and made equal to nothing on the other side, then 
it will appear in this form, 

+ . . . = 0 ; 

and the relations between the roots and coefficients, are 
as follow: 

1st, Tiio coefficient a of the 2d terra, is equal to the 
sum of all the roots. 

2d, The coefficient b of the 3d term, is equal to the 
sum of ail the products of the roots that can be made by 
multiplying every two of them together. 

3d, The coefficients c, d, e, &c, of the following teims, 
are respectively equal to the sum of the products of the 
roots made by multiplying every three togeihcr, or every 
four togetlier, or every live together, bee, the si^ns of all 
the roots being changed, us will be seen when we treat of 
the Gciicratioii of Equations. 

The roots of equations are positive or negative, and 
real or imaginary. Thus, the two roots of the equation 
X -- — 3, arc 1 and 3, real and both positive; but 

the roots of the equation j~ — 4x* — 1 lx =: — 30, are 2 , 
5,and-.3, viz, real, two positive and one negative; and the 
roots of the equation x-* 9x is 10, arc I and — 4 ± 4 
39» one real an*! positive, and two imaginary. 

On the Generntion of Equations .—This is only the niul- 
tiplying of certain assumed simple equations together, to 
produce compound ones, with intent to show the nature 
of these;, a method which was invented by Harriot, and is 
as follows: Suppose X to denote the unknown quantity 
of any equutiuii, and let the roots of that equation, or the 
values of x, be, a, b, c, d, &tc ; that is x =«, and x^b, 
and X = c, &c; or X — a = 0 , and x — 6 = 0 , and x — c = 0 , 
6 tc; then multiply these lust equations together, thus, 

X — o = 0 
X — 6 = 0 

I X + a 6 = 0 


T — c . . . =0 



Now the roob of these equations arc a, b, c, d, &c; 
and it is obvious that the suiQuof uU the roots is the co¬ 
efficient of the 2 ii term, the sum of all the products of 
every two is the coefficient of the 3d term, the sum of all 
the products of every three thut of the 4th term, and so 
on, to the last term, whicb is the continual product of all 
the roots; and the same law may always be observed, 
whatever be the dimension or degree of the equation. 

On the Reduction qf Equations.— This is io transform 
or change them to their simplest and ‘Inost commodious 
orm, in order to prepare them for finding or extracting 
Uieir roots. It is always most conveoient to arrange them 
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n^ to tbo powers of the unknown letter, the high^t 
power being placed lirst on the left lian<l, anil that term 
to have only i for its coefficient; also all the terms 
containing the unknown letter to be on one side of the 
equation, .and the absolute known term only on the 
other side. 

Now this reduction chieffy respects the first term, or 
that which contains the lughest pow.r of the unknown 
quantity; and the general rule fur reducing it is, to con¬ 
sider in whut manner it is involved or connected with other 
quantities;, and then perform the counter or opposite re¬ 
lation or operation; for every operation is undone or 
counteracted by the reverse of it; as addition by sub¬ 
traction, multiplication by division, imoluiion by evolu¬ 
tion, &c: then bring all the unknown terms to one side, 
ami the known term to the other side, changing tlie signs, 
from to —, or from — to of those terms which'’are,^ 

changed from one side to the otlier; and lastly divide by 

the coefficient of the first term, with its sign. 

'I'hus, for e.xamplc, if jj — 12 = 3x 4 : 

then is or — 3x = 12 4, or 2x =l 6 ; 

and so x = 4:^ = S. 

See other examples in myCourse of Mathematics, vol. l. 

On Extracting or Finding the Roots of Equations. 

'1 his is finding the value or valiu-s of the unknown letter 
in an equation, the rules for which are various, according 
to the degree of the equation. « 

I. For the Root of a Simple Equation. 

Having reduced the equation as above, by bringing the 
unknown terms to one side, and the known ones to the 
other, freeing the foriAer from radicaU and fractions, by 
their counter operations, and lastly dividing by the co¬ 
efficients of the unknown quantity, the value of it is then 
found : as in the example of reduction above given. 

2. For the Roots qf Hundratic Equations. 

These are usually found by what is called comploUrig 
the square; which consists in squaring half rhe coefficient 
of the 2 d term, and adding it to both sides of the equa¬ 
tion; for then the unknown side is a complete si|uarc of 
a binomial, and the other side consists only of, known 
quantities Then fon*, extracting the root on both sides, the 
root of the first side will be a binomial, one part of which 
is the unknown letter, nnd the other a known quantity, 
and the root of the other side is taken either or — 
sjnee the square of either of these is the same given qimn- 
lily: lastly, bringing over the known part of (he binomial 
root to tbe other si«lc, with n contrary sign, it will give 
the two roots or values of the unknown letter sou‘'ht. See 
examples in my Course, vol. 1 . ® 

3. For the Roots qf Cubic Equations. 

A Cubic Equation is that in which the unknown letter 
ascends to the 3d power ; as -+• : 6 ^, br x* ax* -i- 

bx = c. The 2d term of every cubic equation being taken 
away, (see Tua nsform ation,) those equations may all 
be reduced to this form, x^-+-ax = 6 ; and the general 
value of one root is i = y[i 6 -i- 

Tins rule is usually culled 
Cardans, because first published by bim, but it wus in¬ 
vented both by Scipio Ferrous, and Nicb. Tartalca, by 
the latter of whom it ^vas communicated to Cardan. Sec 
the article Aloebra. 

When the 2d term is negative, or the equation of this 
form, i^-nx = ± 6 , tbo radical be¬ 
comes which will be imaginary or impos¬ 

sible when is greater than ^ 6 ', for 
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Wjil tlicn be the square root of a negative quantity, which 
itispossiblc : and yet, in this ra-ic, the root j: is a real 
quantity; though algebraists liave never been able to find 
a real liliile general expression for it. And ibis is wliat 
11 ginicraiiy calleil ibc Irreducible Case. 

'I'his case may indeed be resolved by llie triscclion of 
an arc or angle; or by any of the usual inethods (*f con¬ 
verging; or iiy general expressions in infinite series. See 
Sauiidei'soii’s Algebra, pa. / 13; Philos, irans. 'ol. 18, 
pa. 13(), and vo). 70, pa. Ho, or my Abridg. vol. 3, pa. 
3.'/6 ; vol. 5, pa. 331, and vol. 15, pa. 139- Sec also the 
arlicle CoilC E‘iuiilio>is. 

Mr. Cotes observes, in his Logonuiria, p. 29. that the 
solution of all cubic e'qiialions d. pends either on the tri- 
section of a ratio, or of an angle: which method is cx- 
jilained in Saiinderson’s Algi b. pa. 713 

liujutiditnic laiiTATiONs, or those tliat arc of 4- dimen¬ 
sions, are resolved after various inethods. 'I’hc lirst rule 
was given by Lewis I'orrari, the companion of Cardan, 
which is one of the l.c.it. A second methorl was given by 
Descartes, ami another by Mr. Simpson ami Dr. Waring. 
J'or the espluiialiunor which, see liiqUADit at!C 

P!yt,'A t loss of the Hi'^hcr Def^recs or Orders. 

There is no general rule to express algebraically the 
root-, of e(|Uiitiniis above those of the 4th degree; and 
therefore methotU of ajiproxiniati.ni are here niatlc use of, 
which, tliough not accurately, are yet practically true. 

Some of these excel in case ami simplicity, and others 
in (|uickness of converging. Among these may be reckoned 
first, Double Position, or Trial-and-Ernir, both in respect 
of case and universality, as it applies In the simplest man- 
ncr to all kimls of < qimtioiis wliatevor, not excepting even 
expimeniial ones, radical expressions of ever so complex 
a lorm, expressions of logarithms, of arches by the sines 
or Uiigents, of arcs of curves by the abscisses, or any 
other tluents, or roots of llu.xioiial equations. For an ex¬ 
planation of this ami other methods of converging to the 
roots of equations, by Halley, Newton, Haphson, &c, &c, 
see Ai-i’uo.MMATioN,und CoNvenoiNo; and my Course 
of Malheinulics, vol. 1. 

Hesides the methods above ailvcrlcd to, there have been 
some others, given in llie Memoirs of several Academies, 
and elsewhere. As, by M. Daniel licrnoulli, in the Ada 
Pelropolitana, tom. 3, pa. 92 ; by Euler, in the same, vol. 
C, New Scries, and tom. 5, pa. 03 and 82; by Mr. Thos. 
Simpson, in his Ivssnys, pa. 82; in his Dissertations, pa. 
102; in his Algebra, pa. 158; and in liis Select Exercises, 
pa.215. ^ 

Coiw/rucoon of FajuatioNs. Sec CoNSTitucTioH, 

Depression of F.quatioksJ Sec DrirREssiuK. 

£/iminrtrion in Equations. Sec Elimination. 

Trmt^ormaiion of Equations. Sco Transforma¬ 
tion. 

jihsoluie Equation. See Adsolutb. 

Adfecied, or .peered Equ atiqh. Sco Affected. 

Differeniitil Equation, is theequation of differences or 
fluxions. 

equations of Condition. See Condition, Equa- 
iions rf. 

Emincntuil Equation. Sec Eminp.ntial. 

Erponentiul F.quation, one in which the exponents of 
the powers are variable or unknown quantities. See Ex- 

PONENTIAL. 

Flwniiat F,quation, is the equation of the fluents. 

Fluxional Equation, is the equation of the fluxions. 


Limits of the Roots of on Equation. Sec Limits, 

Z.itera/ Equation, is a general equation expressed in 
letters, as contradistinguished from a 

Ikumeral EQUATION, one expressed in numbers. 

Reciprocal Equation. See Reciprocal. 

Transcendental Equation. See Transcendental. 
Lqv ATiov of Payments, in .Arithmetic, is the finding a 
time when, if a sum of money be paid, which is equal to 
the sum of several others due at different times, no loss 
will be sustained by cither party.—The rule usually given 
for this purpose, in the common books of arithmetic, is 
this: Multiply each payment by the time it is ducat, 
then divide the sum of the products by the sum of the 
payments, for the equated time-. For example. If 20/. be ' 
due at 2 months, nnd 40/. at 4 months, to find, as an 
cijuivalont, when the whole 60/. may be paid at once. 
Here then 20 x 2 40 x 4 = 40 -i- iCO =: 200, is the 

sum of the products ; aiid 20-*- 40 = 60, is the sum of, 
the payments ; hence 200 -i- 60=s 3^ is the equated time, 
for making the whole payment at once. 

This method, it is obvious, cannot be quite correct 
wlien the two payments, as here, are unequal, because 
no account of the interest on tbc two sums is conside*rcd. 
When this is allowed for, Mr. Malcolm, in his Arithmetic, 
has given a correct rule for two payments at simple in¬ 
terest, which is this: Ifp denote the first payment, and 
t the time till it is due; also r = another payment, and 
t s= its lime; and if r denote one year’s interest of it; 

next, putting n = t # h--^^, andc = Ti h ——— ; 

then \ a — \ v^(«* — 4c) is the equated time for the two 
payments. And here if the former example be taken, it 
gives p = 20, / = 2', p = 40, t =s 4, ami rs= Vth for a 
rate of 5 percent. Hcncea = ff6» andcs208; then f 
u — —4c) = 3-343^ is the Iruecijuated time, al¬ 

lowing simple interest, being very nearly equal to the for¬ 
mer, which wiis 3-3333 &c. And if compound interest 
were allowed, the result would be a small matter different 
still. 

When three or more payments arc concerned, then Mal¬ 
colm’s method recommended, of first equating for two pay¬ 
ments, and next for the result nnd a 3d payment, and so 
on, is not strictly just. Bui in all such cases, to obtain a 
true answer, Malcolm’s general principle ought to be used, 
viz, making the interests of the sums that arc kept later 
than they arc due, cqua^lo the discounts of those that 
are paid before they are dUBi^The resolution of the result 
ing raualion will, indeed, require some knowledge in al- 

gebS But for ordinary use, the common rule will bring 

out answers sufficiently near the truth. 

* Equation (\f a Curve, is an equation shewing the 
nature of n curve by c.xpressing the relation b(!|jjiccn any 
absciss and its corresponding ordinate, or else the relation 
of their fluxions, &c. Thus, the equation to the circle, 
is rtx —X* where « is its diameter, x any absciss, 

or part of that diameter, ami y ihe.ordinaic at that po'*'* 
of the diameter; that is, whatever absci.<a is denoted 
X, the square of its correspondiM ordinate will be JX—* • 
In like manner the equation 

of the ellipse -is ^ (ax — i®) = J'*, 

of the hyperbola (axM- x*) = y*, 

of the parabola is - - - /w = 

Whore a is an axis, and p the parameter. 
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And in like manner for any other curves. See Absciss. 

This method of expressing the nature of curves by alge¬ 
braical equations, was first introduced by Descartes, 
who, by thus connecting togolbor the two sciences of al¬ 
gebra anJ geometry, made them mutually assist each 
other, and so laid the foundation of the great improve** 
menis that have been made in every braiicli of them since 
that lime. Sec Descartes's Geometry j also Newton's 
Lines of the 3d Order, and many other similar works on 
curve lines, by several authors. See Curve. 

Equation, in Astronomy, as Annual Equation, is 
either of the mean motion of the sun and moon, or of the 
moon's apogee and nodes. 

The annual equation of the sun $ centre being given, the 
other three correspondent annual equations will be nlso 
given, and therefore a table of the first will serve for them 
all. Thus, if the annual equation of the suns centre, 
taken from such a table for any time, be called s; and if 
and^js B ; then will the other annual equations 
for that time be as follow : 

A A s f7i, that of the moon's mean motion ; 
and B H- that of the moon's apogee ; 

and^ B — 74^5 s n, that of her nodes. 

And here it must be observed, that when or the equa¬ 
tion of the sun^s centre, is additive; then m is negative, a 
is positive, and n is negative. But on the contrary, when s 
is negative or subductive; then m is positive, a negative, 
and n positive. 

There is also an Equation of the moon^s nuan motion, de¬ 
pending on the situation of her apogee in respect of the 
sun ; which is greatest when the moon's apogee is in an 
octant with the sud, and is nothing at all when it is in the 
quadratures or syzygics. This equation when greatest, 
and the sun in perigee, is S' 56". But it is never above 
3' S4r" when the sun is in apMcc. At other distances of 
the sun from the earth, this ct^ation when greatest, is re¬ 
ciprocally as the cube of that distance. But when the 
moon's apogee is any where out of the octants, this equa¬ 
tion becomes commonly less, and is at the same distance 
between the earth and sun, as the sine of double the 
distance of the moon's apogee from the next quadrature 
or syzygy, is to radius. This is to be added to the moon's 
motion while her apogee passes from a quadrature with 
iho sun to a syzygy; but is to be subtracted from it, while 
the apogee moves from the syzygy to the quadrature* 

There is another Equation <f the moon^s motion, which 
depends on the aspect of the nodes of the moon's orbit 
with respect to the sun: and this is greatest when her nodes 
are in octants to Ac sun, and quite vanishes whoa they 
come to theii^ quadratures orsyzygics* This equation is 
proporliont] to the sine of double the distance of the node 
from ih^cxt syzygy or quadrature; and at the greatest 
is only 4^. This must bcarlded to the moon smean mo¬ 
tion while the nodes are passing from the syzygies with the 
sun to their quadratures; but subtracted while they pass 
from the quadratures to the syzygies. From the sun's true 
place subtract the equated mean motion of the lunar apo¬ 
gee, as was shown abovi^^nd the remainder will ho the 
annudl argument of the sm apogee; from which the ex- 
centricity of the moon and the 2d equation of her apogee 
may be compared. See Theory qfthe Mook's motions, &c. 

Equation of the Centre^ called a\%o ^rosihapheresis, and 
Total Proithaphcrem, is the didcrence between the true 
Bnd mean place of a planet, or the angle made by the lints 
uf the true and mean place; or> which amounts to the 
VoL. I. ' 


same, between the mean and equated anomaly. Tlie 
greatest equation of the centre may be obtained by find¬ 
ing the sun's longitude at the times when he is near his 
mean distances, for thi'ii the difference will give the true 
motion for that inten al of time : next find thesunS moan 
motion for the same interval of time; and then lialftlic 
difference between the true and mean motions will show 
the greatest equation of the cenia?. 

For example, by observations made at the Roval Ob¬ 
servatory at Greenwich, it appears that at the foUowinj; 
mean times the sun's longitudes ere as expressed below. \ iz, 
Mciit times. Sur/s lyn^icuHc. 

1769 Oct. I at 23^49® 12*, - - ()‘ 9^ 32' 0*6" 

1770 Mar. 29 at 0 4 50 . • - 0 8 50 27vS 

dif. ol time 17h^ 0 15 3b ; true dif. Ion. 5 29 18 27 
tropical year 36'5^ 5*^ 48“ 42* = 36'5*2421527 ; 

observed inter>’al = 178 0 15 38 = 178 010850*5: 
then 365 2421527: 178-01085648 : ; 360® : 175-455948 
or 175* 27' 21" the mean motion. 

I'herefore • 175® 27' 21''of mean motion, 

answers to - 179 18 27 of true motion ; 

their difference is 3 51 6 

and its half - 1 55 33 

is the greatest equation of the centre according to these 
observations. 

To fnd the Equation <f the Cmtre, which is Kcpicr’i 
problem, and rec^uircs a very troubk-some operation, es¬ 
pecially in the more cxcentric orbits. The method of 
performing this,.has been shown by Newton, Gregory, 
Keil, Machin, Lacaillc, and others, by methods little dif¬ 
fering from one another; which consist principally in find¬ 
ing a certain intermediate angle, called the exceiuric ano¬ 
maly; having known the mean anainoly, and the dimen¬ 
sions of the sun’s orbit. The mean anomaly is easily 
found, by determining the exact time when the sun is in 
the aphelion, and using the following proportion, via. 

As the time of a tropical revolution, or solar year, 

Is to the interval between the aphelion and given time, 

So is 360 degrees, to the degrees of the mean anomaly. 
Or it may be found by taking the sun's mean motion at 
the given time out of tables. 

To find tht ExcaUric Anomaly, say, 

As the aphelion distance, 

Is to the perihelion distance ; 

So is the tangent of half the mean anomaly, . 

To the tangent of an arc. 

Which arc added to half the mean anomaly, gives the 
cxccntric anomaly. Then, 

To find the True Anomaly, say. 

As the square root of the aphelion distance, 

Iq to the square root of the perihelion distance ; 

S6 is the tangent of half the excentric anomaly, 

To the tangent of half the true anomaly. 

Then, the diflcrcnce between the true and mean ano¬ 
maly, gives the equation of the centre, sought. Which is 
subtractive, from the aphelion to the perihelion, or in the 
first 6 signs of anomaly; and additive, from the perihelion 
to the aphelion, or in the last 6 signs of anomaly; and 
hciico called Prosthaphcrcris. 

By this problem a table may easily be formed. When 
the equations of the centre for every degree of the first 6 
signs of mean anomaly are found, they will serve also for 
ihc/dcgrecs of the last 6 signs, because equal anomalies 
are at equal distances on both sides of their apses. There¬ 
fore set these equations orderly to theirsigps and degrees 

3 Q 
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i>f auoiiuily ; the ftrsl 6 being reckoiu'd from (he (op of tiiaii of any place; and had the sun no motion in the 
(he table downwanls^ and signed subtraci; the la^l 6, for ecliptic^ or was ins motion reduced to the equator or in 
wliicii ilic same erjuations serve, in a cofUrary order, be- right ascension uiiiform, he wouhl always return to the 
ing reckoned troru tiu* bottom upwards, and marked add. meridian alter equal intervals of time. But his apparent 
Let also the ililferencc between every a<ljaccnt two e<|ua* inotiun in tlie ecliptic being continually varying, and his 
lions, calle<l tabular ddVerences, he si t in another column, motion in right ascension being rendered further unequal 
Hence, from these cijuations of the centre, nugment<*d or on account of the obliquity of the ecliptic to the equator, 
iliminislied by the proportional parts of their respective it follows from these causes that the intervals of his return 


tabular difleience>, for any given minutes ami seconds, 
may easily be <le<luceil ec|\ia(ions of the centre to any 
mean anomaly proposed. See Robertson's Elem. of Na- 
vig. book 3, pa, 2^i)y 2^0, 2y'), ainl JOS, vvlieie such a ta¬ 
ble of e(|uations is given. 

lyuicr lias patticularl) cunsidend this subject, in the 
Mem. (ic TAcad. <ii* Berlin, tom. 2, pa. 223 et seq. wlierc 
lie resolves the following problems: 

1. To find the true and mean anomaly corresponding 
to ilie phuiei’s mean diviance from the sun ; lliut is, where 
the planet is in liic extremity of the conjugate axis of Us 
orbit.—2. Tile excenlricity of a planet being given, to 
find llic evxceniric anomaly corresponding to the greatest 
equation.—5. 'I'hc excentricity being given, to find the 
mean anomaly corresponding to the greatest equation.— 
4* From the same data, to find the true nnomaly corre¬ 
sponding to tliis equation.—5. From the same data, to 
find the greatest equation.—6. 'I'lie greatest equation be¬ 
ing given, to find llic excentricity. 

Euler observers, tliat this problem is very difTicult, and 
that it can only be resolved by approximutioir and tenta¬ 
tively, in the manner he mentions : but if the excentricity 
be not great, it may then be found directly from the 
greatest equation. Thus, if the greatest equation be = m, 
and the cxcentrieity = u ; then is 

rt * t I ® . . 

m = n'* h- -5-ccc ; and by reversion 

« 2 .a.5*7 ^ 

11 ^ 

n = im — -— m‘ — &c. Where the createst 

i .j u ^ 

equation tn must be exjirossed in parts of the radius, 

. which may be done by reducing the angle m into seconds, 
und adding PCSSS?-*}) to the log. of the resulting num¬ 
ber, which will be the log. of the number m. The mean 
anomaly to which this groalesl c(|Uution corresponds, will 

bex = 90^ -h ^ /a — — — &c. Whence, 

if 90® be added to ^ of the greatest equation, the sum will 
be (he ihcAn anomaly suniciently exact. 

Euler subjoins a (able, by which may be found the 
greatest equations, with (lie mean and excenlric unoina- 
lies correspomling to these greatest equations for every 
lOOlh part of unity, which be supposes equal to the great¬ 
est excenlricity, or when the transverse and distance of 
the foci become infinite. The last column of the lublb 
gives also the logarithm of that distance of the planet 
trom the sun where its equation is greatest. By meabs of 
this table, any excentricity being given, the corresponding 
greatest equation will bo found by interpolation. But the 
jirincipul use ol the table is to determine the excentricity 
when the greatest equniion is known ; and without this 
help Euler thinks the problem cannot be rc^solved. 

Equation <if 7iPfc, denotes the di(Terence between 
mean and apparent time, or the reduction of ihe apphi'cot 
unequal lime, or motion of the sun or a planet, to equal 
and mean lime, or motion; or the equation of time is tlic 
difference between the sun's mean motion, and his right 
ascension. Apparent time is that which takes its be^n- 
nitig Tom the passage of the sun's centre over the ineri- 


to the meridian.become unrcpial, and the sun will gradu¬ 
ally come too slow or too soon to the rfnridiun for art 
equable motion, such as that of clocks and watches ought 
to bo; and this retardation or arcetiTution of the sun's 
coming to the meridian, is cnlled the equation of time. 

Now, coinpviling the celestial motions according to 
equal time, it is necessary to ttirn that time back again 
into apparent time, that they may correspond tn observa¬ 
tion : on the contmiy, any phenomenon being observed, 
the apparent time ui it must be converted into equal time, 
to have it correspoiiil with the limes marked in tlie astro¬ 
nomical tables. 

'The equation of time is nothin;; at four different limes 
in the year, at which time tlu* whole mean and utioqual 
motions exactly agree;'viz, about the 15th of April, the 
15th of June, the Slst of August, und tlie 24th of Decem¬ 
ber : but nt all other limes (lie sun is cither tou fast or 
too slow for mean, equal, or clock time, by a cc^rtain num¬ 
ber of minutes and seconds, which nt the greatest is l6^ 
14'', and happens about the 1st of November; every other 
day throughout the year having a certain quantity of this 
difference belonging to it; which however is not exactly 
the same every year, but only every 4tli year 5 for which 
reason it is necessary t) have 4 tables of this equation, viz, 
one for each of the four years in the period of leap-years. 
Instead of these, we shall insert here, one general equation 
of time, according to the pl^ce of the sun, in every point 
of (ho ecliptic: where it IS to be observed, thjai the sign 
of the ecliptic is placed at the tops of the columns, and 
the (larticulur degree of the sun’s |)tace, in each sign, in 
the first and last columns; und in (he angle of meeting in 
all the other columns, is the equation of timt^ in minutes 
and seconds,, when the sun has an}' particular longitude: 
supposing the obliquity of the ecliptic 23^ 26', and the 
sun’s ap<*gce in 9^ ^f ®- 

Tlie equations with the sign are to he added to, 
and those with the sign are to be subtracted from, the 
apparent time, to give the mean time. The preceding 
sign, whether it be or^, at the top of any column, 
belongs to all the numbers or equatiws.in that column 
till the sign changes; pfler which, tne muinder of the 
column t^kes the contrary sign. ^ 

The equation answering to any point of lolkitude bc« 
tween one degree and another, or niiy number If minutas 
or parts of a degree, is to be fomu) by proportfon in tho' 
usual way, viz, as or 6V, is to that number of minutc^i 
so is the whole difference in the equation, from the given 
whole degree of longitude to the next degrw, to the pro¬ 
portional part of it answering to the given number of 
minutes^ 

Sec Tables of the Equally of Time computo<l for 
every year, in the Nautical Almanac, by a method pro¬ 
posed and illustrated by Dr. Muskelyne, Into astronomer 
royal, viz, by taking the difference between the sun's 
true right ascension and his mean longitude, corrected' 
by the equation of the equinoxes in right ascension, and' 
turning it into time ot the rate of 1 minute of time to 16 
of right usCeusiun. Philos. Trans. vuK 54, pa*dS&'i 
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Table of tht Equation tf Titne, for every Degree of the Sun’s Longitude. 
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EQUATOR, in Geography, a groat circle of the earth, The circle in the heavens conceived directly over the cqua* 
equally distant from its two poles, and dividing it into tor, is the equinoctial. Sec Equinoctial. Thegreatest 
two equal parts, or hemispheres, the northern and south- height of the equator above the- horizon, is equal to the 
ero. The equator is sometimes simply called the line, latitude of the place. 

Table/ or turning Degrees and Minutes into Time, and the Contrary. 


D. 

H. 

M. 

D.; 

H 

. Ms 

D. 

H 

s M. 1 

D. 

II 


D. 

il 

. Ms 

De 

1 H. Ms 

D. 

N 

f. M. 

D. 

ir 

. Ms 

D. 

fi. 

M. 

M. 


. s. 

IT 

M 

• s. 

M. 

M. S. 1 

M. 

51 


Ms 

Ms S. 

Ms 

1 M. S. 

M. 

M. S. 

Ms 

M 

. 0. 

M. 

M. 


1 

0 

4 

21 

1 

24 

41 

2 

44 

61 

4 

4 

81 

5 

24 

101 

6 

44, 

121 

8 

* 4 

141 

9 

24 

161 

10 

u 

2 

0 

8 

32 

1 

1 

28 

42 

2 

48 

02 

4 

8 

82 

5 

28 



48 

122 

8 

6 

142 

9 

28 

162 

10 

48 

3 

0 

12 

23 

1 

32 

43 

2 

52 

63 

4 

12 

83 

5 

32 

103 

6 

52 

123 

8 

12 

143 

9 

32 

163 

10 

52 

♦ 

0 

16 

24 

1 

36 

4t 

2 

50 

m 

4 

m 

84 

3 

36 

104 

0 

50 

124 

6 

10 

144 

9 

36 

164 

10 

56 

5 

0 

20 

25 

1 

40 

45 

3 

0 

05 

4 


85 

5 

4'0 

105 

7 

0 

125 

8 

20 

145 

9 

•to 

165 

11 

0 

ti 

0 

24 

20 

1 

44 

46 

3 

4 

66 

4 

24 

86 

5 

44 

106 

7 

4 

120 

8 

24 

146 

9 

4t 

166 

11 

4 , 

7, 

0 

28 

27 

1 

48 

47 

1 

8 

07 

4 

28 

87 

5 

48 

107 

7 

8 

127 

8 

23 

147 

9 

43 

167 

11 

8 

8 

0 

32 

28 

1 

52 

48 

3 

12 

68 

4 

32 

88 

5 

52 

106 

7 

12 

128 

8 

32 

Its 

9 

52 

I6S 

11 

12 

9 

0 


29 

1 

56 

49 

3 

10 


4 

36 

69 

5 

50 


7 

10 

129 

8 

30 

149 

9 

50 

169 

11 

16 

10 

0 


30 

2 

0 

50 

5 

20 

70 

4 


90 

6 

0 


7 

20 

ISO 

8 

40 

150 

10 

0 

170 

11 

20 

1 I 

0 

44 

31 

2 

4 

51 

3 

24 

71 

4 

44 

91 

6 

4 

III 

7 

24 

iSI 

8 

44 

151 

10 

4 

171 

11 

24 

12 

0 

48 

32 

2 

8 

52 

3 

28 

72 

4 

48 

92 

6 

8 

112 

7 

28 

132 

8 

48 

152 

10 

8 

172 

11 

26 

13 

0 

52 

33 

2 

12. 

53 

3 

32 1 

73 

4 

52 

93 

6 

12 

113 

7 

32 

J33 

6 

52 

153 

10 

12 

173 

11 

32 

It 

0 

56 

34 

2 

16 

54 

3 

30 ' 

74 

4 

56 

94 

6 

10 

II4 

7 

36 

134 

8 

50 

154 

10 

10 

174 

11 

30 

15 

I 

0 

35 

2 

20 

55 

3 

40 1 

75 

5 

0 

95 

6 

20 

115 

7 

40 

135 

9 

0 

155 

10 

20 

175 

M 

40 

16 

1 

4 

36 

2 

24 

56 

3 

44 

70 

5 

4 

96 

6 

24 

116 

7 

4-t 

130 

9 

4 

150 

10 

24 

170 

11 

44 

17 

1 

8 

37 

2 

28 

57 

3 

48 

77 

5 

8 

97 

6 

28 

117 

7 

48 

137 

9 

8 

157 

10 

28 

177 

11 

48 

18 

I 

12 

38 

2 

32 1 

58 

3 

52 

78 

5 

12 

98 

6 

32 

118 

7 

52 

,138 

9 

12 

158 

10 

32 

178 

1 ] 

52 

19 

1 


39 

2 

1 

36 1 

59 

3 

56 

79 

5 

EQ 

99 

6 

30 

119 

7 

56 

139 

9 

10 

159 

10 

30 

179 

11 

50 

20 

i 

201 

40 

,2 

40l 

GO 

i4 

0 

80 

5 

20II 

100 

6 

40 


8 

0 

140 

9 

20 

160 

10 

401 

180 

12 

0 


3 Q 2 



































































E Q U 


r 484 ] 


Asoiir whulo revolution of the carlli, or of tbc 36O® of 
fhe ccjualor, h performed iu 24 hours, which is at the 
rale of 13 per hour ; hence the number of degrees of the 
equator, answering to any other given lime, or the time 
answering to any given number of <lcgrees of tbc equator, 
will be easily found by proportion, yiZy 

as 1*^ : 13® : : any time : its degrees, 

or as 15®: 1^:: any degix*es : their time. 

And thus is computed the foregoing table for turning time 
into degrees of the equator, and the contrar^r. 

LQUATOlUAL, Unirtrsaly or Portable Observa- 
TORY, is an instrument intended to answer a number of 
useful purposes in practical astronomy, independently of 
any particular observatory. It may be employed in any , 
steady room or place, and it performs most of the useiul 
problems in the science of astronomy. Tbc following is 
the description of one lately invented by Mr. Ramsden, 
and named the Universal Equatorial, the description of 
which was given by the lion. Stewart Mackenzie. 

The principal parts of this instrument (fig. 2, plate viii.) 
arc, Ist, Tlie azimuth or horizontal circle a, which re¬ 
presents the horizon of the place, and moves on a long 
axis B, called the vertical a>cis* 2d, Tbc equatorial or 
hour-circle c, representing the equator, placed at right 
angk^s to the polar axis d, or the axis of the cnrlli, upon 
wiiich it niov(*s« 3d, The semicircle of declination E» on 
which the telescope is placed, and moving oU the axis of 
declination, or the axis of motion of the line of collima- 
lion f; which circles arc measured and divided as in tbc 
following table: 


Mcasurtiof ihe ic* 
venl arelcs and 
divl»lo[>« on them 


[.uub di* 
\iJcd to 

Azimuth orl 


1 

hori/untal > 

51 

15' 

circle J 



Equatorial "I 


15', 

or hour r 

51 

nr 1 ro. 

circle J 


intlnic 

'N'crtical se-* 



micirclefor 
declination 
orlatitudc. _ 

5- 

15' 


Not), of 

UO pjvc* 
^enntU. 

Dlvid. on 
limb Into 
Inc 

Divided by 
Non. mio 
ptf. oflnc. 

30" 

45th 

1350tb 

30" 

2" 

45th 

1350th 

30" 

42a 

12(>0th 


4tn, 1 ne telescope, is an acnromaiic reiraeioi wun 
triple object-glass, whust^ focal distance is 17 inches, and 
its aperture 2*45 inc., and it is furnished with 6 dilferent 
eye-tubes; so that its magnifying powers extend from 4^4 
to 168. The telescope in this equatorial may be brought 
parallel to tlic polar axis, as in the figure, sous to point 
lo the pole-star in any part of its diurnal revolution; and 
thus it has bceiuobscrvcd near noon, when the sun has 
shone very brignt* 5(h, The apparatus for correcting 
the error in altitude occasioned by refraction, which is 
applied to the end of tbc telescope next the eye-glass, and 
consists of a slide o moving in a groove or doveMail, and 
carrying the several eye-tubes of the telescope, on which 
slide there is an index corresponding to five small divisions 
engraved on the dove-tail; a very small circle, called the 
refraction circle it, moveable by a finger-screw at tbeex- 
tremity of the end of the telescope next the eye-glass; 
.which circle is divided into half minutes, one whole revo¬ 
lution of it being equal to 3' 18'^ and by ita motion it 
raises the centre of llic cross hairs on a circle of altitude; 
and also a quadrant i of 1| inc. radius> with divisions on 
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each side, one expressing the degree of altitude of Ibc ob¬ 
ject viewed, and the other expressing the minutes and 
seconds of the error occasioned by refraction, correspond¬ 
ing to that degree of altitude. . To this quadrant is con¬ 
nected a small round level A, w hich is adjusted partly by 
the piDJon that turns the whole of this apparatus, and 
partly by the. jndex of the quadrant; for which purpose 
the refraction circle is set to the same minute ice, which 
the index points to on the limb of the quadrant; and if 
the minute &c, given by the quadrant, exceed the 3* 18" 
contained iu one entire revolution of the retraction circle, 
this must be set to the exc«s above one or more of its 
entire revolutions; then the centre of the cross hairs will 
appear to be raised on a circle of altitude to tbc additional 
height which tbc error of refraction will occasion at that 
altitude. 

The principal adjustment in tbis instrument, is that of 
making the line of colliination to describe a portion of an 
hour-circle in the heavens : in order to which, the azimuth 
circle must be truly level ; the line of ccdlimalion, or 
some corresponding line represented by Uie small brass 
u'parallel to it, must be perpendicular to the axis 
111^4 ow*n proper motion; and this last axis must be per¬ 
pendicular to the polar axis. On the brass rod sf there 
is occasionally placed a hanging level K, the use of whichi 
will appear from the following directions : 

The azimuth circle may be made level by turning tbc 
instrument till one of the levels be parallel to an imaginary 
line joining two of the feel screws; then adjust that levcL 
with these two feet screws; turn the circle 180®, or half 
round ; and if the bubble be not then right, correct half 
the error by the screw belonging to the level, and the* 
other half error by the two foot screws, repeating this 
operation till the bubble come right; then turn the circle 
90® from the two former positions; and sot the bubble 
right again, if it be wrong, by the foot scrcW|at the end 
of the level; when this is done, adjust tlie ollW* level by 
its own screw, and the azimuth circle will be truly level. 
The hanging level roust then be fixed to the brass rod by. 
two books of equal length, and made truly parallel to it 5 
for which purpose, the polar axis must be made perpen¬ 
dicular or nearly perpendicular to the horizon; th^*' 
just the level by the pinion of the declination semicircle 
reverse the level, and if it be wrong, correct half the 
ror by a small steel screw that lies under one end of the 
level, and the other half error by the pinion of the decli¬ 
nation-semicircle, repeating the operation till the bubble 
be right in both positions. To make the brass rod, on* 
which the level is suspended, at right angles to the axis 
of motion of the telescope, or lino of colllmotion, make 
the polar axis horizontal, or nearly so ; set the declina¬ 
tion semicircle to 0®, and turn the hour-cirple till the 
bubble be properly adjusted; then turn the decimation- 
circle to 90®; adjust the bubble by raising or depressing 
the polar axis (firsUby hand till it be nearly right, after¬ 
wards lighten with an ivory key the socket which runs on' 
the arch with the polar axis, and then apply the same 
ivory key to the adjusting screw at the end of the said 
arch till the bubble be properly adjusted) v then 
dcclination-circIe to the opposite 90^ J if tbc level be 

not then right, correct half the error by the aforesaid a - 
justing screw at the end of the orcb, and the other half 
error by the two screws that raise or depress the end ol 
the brass rod. The polar axis remaining nearly horiaontel 
as before, and the declination-semicircle at 0®, adjust the 
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bubble by the hour^circlo; then turn ihc dcclinatioD* 
semicircle to $0% and adjust iJic bubble by raising or 
depressing the polar axis; then turn the hour-circle 12 
hours; and it the bubble be w rong, correct half* the error 
by the polar axis, and the other half error by the two 
pair of capstan screws at the feet of the two supports on 
one side of the axis of motion of the telescope; and thus 
this axis will be at right anglers to the polar axis. The 
next adjustment, is to make tbe centre of the cross hairs 
remain on the same object, while the eye-tube is turned 
quite round by the pinion of the refraction apparatus: in 
order to perform this, set the index on the slide to the 
first division on thedove*tail; and set tbe division marked 
IS" on tbe refraction-circIc to its index; then look ihrousli 
the telescope, and with (he pinion turn the eye-tube quite 
round; then if the centre of the hairs do not remain on 
the same spot during (hat revolution, it must be corrected 
by the four small screws, 2 and 2 at a time, which will 
be found upon uiiscrcwing the nearest end of the eye-tube 
that contains the first eye-glass ; repeating this correction 
till the centre of the hairs remain on the spot looked at 
during a whole revolution. 'I'o make tbe line of collima- 
tJon parallel to (he brass rod on winch the level hangs, 
set the polar axis horiaofital, and the dcclinatiun-circlc to 
adjust tbe level by the polar axis; look through the 
telescope on some distant horizontal object, covered by 
the centre of the cross hairs: Uicn invert tbe telescope, 
which is done by turning the hour-circle half round ; and 
if the centre of the cross hairs do not cover the same ob* 
ject as before, correct half the error by means of the 
upper and lower of the 4 small screws at the eye-end of 
tbe large tube of the telescope; this correction will give a 
second object now covered by the centre of tbe hair: 
which must be adopted iiistcud of (lie first object; tiien 
invert the ttnescope as before; and if the second object 
be not covered by the centre of the hairs, correct half 
the error by the same two screws as were used before : 
this correction will give a third object, now covered by 
the centre of the hairs, which must be adopted instead of 
the second object; repeat this operation till no error re¬ 
mains; then set the hour-circle exactly to 12 hours, the 
declination-circle remaining at 90"^ as befiirc; and if the 
centre of the cross hairs do not cover the last object fixed 
on, set it to that object by the two remaining small 
screws at the eye-end of the large tube, and then the line 
of coUimation will be parallel to the brass rod* For recti- 
lying the nonius of the declination and cquatoriol circles, 
depress tbe telescope as many degrees &cc below 0^ or jb 
on the dee) illation-semicircle, as are equal to the compli> 
mentof the latitude; then elevate tbe polar axis till the 
bubble bo horizontal; and thus the equatorial circle will 
be elevated to the cu-Iatitude of tbe place; set this circle 
to 6 hours; and adjust the level by the pinion of the 
declination-circle; now turn the equatorial circle exactly 
12 hours from the last position; and if the level be not 
listbt, correct one half of the error by the Equatorial 
circle,' and the other half by the declination-circle: then 
turn the equatorial circle buck again exactly 12 hours 
from tbe last position; and if the level be still wrong, 
repeat tlic correction as before, liji it be right, when 
turned to either position: which being done, set the nonius 
of tbe equatorial circle exactly to 6 hours, and the nonius 
of tbe dectinaiion-circle exactly to 
Tile principal uses of this equatorial are, 

1st, ib find ihc meridian bjf one obicrvaiion mly: Fot 


which purpov<^ elevate the (V)uatorial circle to ihi co-la- 
tilude of the place, and set the declinatiou-scmicircic* to 
the sun’s declination for the day and hour of the dav re¬ 
quired; then move the azimuth and hour-circles both at 
the same time, either in the same or in contrary direction, 
till you bring the centre ot the cross liairs in tbe teles¬ 
cope exactly to cover tlie centre of the sun ; then, the in¬ 
dex of the hour-circle will give the apparent orsolartinie 
at the instant of observation ; and thus the lime is known, 
though the sun be at a distance from \hv meridian ; after 
which turn the hour-circle till the index pciints precisely 
to 12 o'clock, and lower (he te!esco))e to the horizon, in or¬ 
der to observe some point there* in the centre of the glass ; 
and that point is the meridian mark, lound by one obser¬ 
vation only. 'I'he best time for this operation is 3 hours 
before, or 3 hours after, 12 at noon. 

- 2d, To point the ielescopr to a star^ though not on (he 
meridiun^ in full dry-Having elevated (heer|uatorial 
circle to the co-latitude of the place, and set the declina* 
tion-sciniciicle to the star's declination, move the index of 
the hour-circle till it points to the precise time at which 
the star is then distant Irom the moriilian, found in the 
tables of the right ascension of the itHTS, and the star will 
then appear in the glass. 

Besides these uses, peculiar to this instrument, it may 
also be applied to all the purposes lo»\vhich the principal 
astronomical instruments arc applied; such as a transit 
instrument, a quadrant, and an equal-altitude instru¬ 
ment, &c. 

See the description and drawing of an equatorial teles¬ 
cope, or portable obser\atory, invented by Mr. Short, in 
the Phib>s. Trans. No. 493, or vol. 46, pa. 242; ami 
another by Mr. Nairne, vol. 6l, pa. 107 ; also ihedcHcrip- 
tion by Sir Geo. Shuckburgh, in the Philos. Trails. voU 83, 
pa. 67; or my Abridg. vol. 17, pn. 299. 

equiangular Figurey is one that lias all its ant^les 
equal among themselves; as (he square, and all regular 
polygons. An equilateral figure inscribt*d in a circle, is 
always equiangular. But unequiangular figure inscribed 
in a circle, is not always equuiiterul, except when it has 
an odd nurnU^r of sides; If the sides bo of an even num-> 
ber, then they maycitlicr be nil equal, orcise hnlfofthem 
will be equal to each other, tind the other half to each 
other, the equals being placed alternately. See the de¬ 
monstration in my Mathematical Miscellany, pa. 272. 

F.qui ANOULan, is also snid of any two figun^of the 
same kind, when each angle of the one is equal to a cor- 
i^ponding angle in the other, whether each figure, sepa¬ 
rately considered in itself, be an equiangular figure or not,, 
that is, having all its angles equal to each other. Thus, 
two triangles arc equiangular to each othur, if, ex. gr. one 
angle in each be of 30^, a second angltf n each of 50^, 
and the third angle of each i^qual to IO^degrees.—Equi¬ 
angular triangles have not their like sides necessarily 
equal, but only proportional to each other;, but such tri¬ 
angles being always similar to each other. 

EQUICRUUAL Triangle^ is one that has two of ilssidcs^ 
equal to each other*; but is more usually called an Isoa*^ 
celcs triangle. 

EQUICULUS, Eqdulbus, or Et^uus Minor, aconsteb- 
lation of the northern hemisphere. See Equuleus. 

EQUJDIFFERENT, arc such thii^ as have equal difi*- 
fereqees, or arithmetically proportional. If the termK 
have all the same difference, viz, the 1st and 2d, the 2d 
and 3d, the 3d and 4tb, &c, they arc said to be contiouaily; 
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iillVrcni; a> tin' 


> 'j'liiiilliTCnl i :i-' tin' lumii crs l>, 9, 1wlicrc the 
t.,innn)n .iilicrviui- i' But it the iuvoral ilillcrc-iit cou- 
pli'l'. liavi' till' ditlercnCf, aa the l>l uinl .‘211, the 

;}.i and Uh. tliv atli and (ith, -.Vc, thc\ arc saai to be dis- 
cr. tely . (|uidillriviit; a-, ttie tei inj 3 and (t, 7 and 10, 9 
and 1-2, Sec Aui rii .m F-t ic a L /Voi’rew/oM atid /Vo- 

portion. 

hCiL'lLA'l’I-.IlAI. /-V;wc, is one tli u has all its sides 
efinal to eacli otiur. Such a-, thi' s<iuare. and all regular 
polygons, or a triangle llial lias all ns angles equal. See 
llQia A S(. fl. A K. 

latkii L llypcrhol/iy js that wfncli lias the two 
iiNcs ecjuul to l acli oilu r, aiid vwzy pair of conjugate dia¬ 
meters aliO to vaclitulKT. The asymptotes also arc 

at ancles lo each other, and make eacli halt a riglil 

angle with l uher axis. Also, sucli an hyperbola is equal 
to Its conjugate hy|)erbula, as well as to its opposite hy- 
])erfM)la; so that all the lour conjugate hyperbolas arc mu¬ 
tually equal to each oilier* 

Moreover, as the 3d prop<>rtii>nul lo llic two axes is the 
j)arameler; therefore, in such a figure, the parameter and 
two axes are all three equal lo one another* Hence, as 

the general equati<m to hyperbolas is = j(U* -hx*)or = 

(/X H- x^), wlierc t is the transverse axis, c the conjugate, 

p the paruiiieler, x the absciss, and y tlie ordinate^ then 
making c, and p all e<|ual, the equation, for the equi¬ 
lateral hyperbola, becomes —/x a*; dilTering from 
the equation of the circle only in the sign of the term r^, 
which in the circle is (t — x^, when / is taken to repre¬ 
sent the diameter of the circle. 

J:QUILIBIUUM, is an equality between two equal 
forces acting in opposite directions; so that they mutually 
balance each other ; like the two eiiual arms, or scales, of 

a balance, &c. ' 

£guiLinulU.M, in solid bodies, forms a. considerable 
part of the science of Statics. And Equilibrium ol Ouids, 
a considerable part of the doctrine of Hydrostatics. 

EQUIMULTIPLES, the products of quantities equally 
multiplied. 

Thus3ci and 3b are equirnuUiph'S of a and b; 
and me and mU are equimultiples of c and </. 

Equimultipk^ of any quantities, liavc the same ratio as 
the quantities themselves. Thus n : b :: 3a \ 3b :: ma : mi. 

EQUINOCTIAL, a great circle in the heavens under 
which the equator moves in its diurnal rt)otion. The poles 
of this circle arc the poles of the world, and it divides the 
sphere into two equal parts, the northern ami southern. 
It cuts the horizon of any place, in the cast and west 
points; and at the meridian its elevation above the hori¬ 
zon is equal to t^ co-latitude of the place* It has also 
various other pi^ertics; as, 

I. When the sun in this circle, the days and nights 
in all parts of the earth ure equal; because he then rises 
due cast, and sets due west. Hence it has the name equi¬ 
noctial. All stars which arc under this circle, or have no 
declination, also rise due cast, and set due west*—2* All 
people living under this circle, or upon the equator, or 
line, have their days and nights at all times equal to each 
other.—3. From this circle, on the globe, is counted, upon 
the meridian, the declination in the heavens, and the lati¬ 
tude on the earth.—4. Upon the equinoctial, or equator, 
is counted the longitude, making in all 360®, that is, 180® 
cast, and 180® west.—5. And as the lime of one whole 


rcvolutinn is divided into 24 hours; therefore 1 hour an¬ 
swers to 1 5®, or the 24th part of 360^. J lmce, 

1' of longitude answers to 4 min. of time, 
jV- - - - - - -lol min. of time, 

- to 4 sec. of time, &c. 

(). Tlic shadows of objects situated under this circle are 
ca^t to tlie soulliwnrd one half of the year, and to the 
northward during tl;c other half; and twice in a year, viz, 
at tlie tunc of the e<|uinoNcs, the sun at noon casts no 
shadow, being exactly in their zenith* 

Eqcinuctjal Colurfy is the great circle passing through 
the poles ol the world and the equinoctial points, or first 
points of Aries and Libra. 

Equinoctial Diuly is one whose plane is parallel to 
the equinoctial. Its properties or principles arc: 

1. 'Fhe hour-lines arc all equally distant from each 
other, viz, 15®; and the style is a straight pin, or win', 
set up in the centre of the circle, perpendicular to the 
plane of the dial. 

2. The sun shines upon the upper part of this dial-plane 
from the 21st of March lo the 22d of September, and on 
the under part the other half of tlie year. 

Some of these dials are made of brass, &c; and set up 
in u frame, to be elevated to any given latitude* 

Equinoctial Foimsy are the two opposite points where 
the ecliptic and e()uimictial cross each other; the one 
point being in the beginning of Aries, and called the ver¬ 
nal point, or vernal e<juinox; and the other in the begin¬ 
ning of Libra, and called the autumnal point, or autumnal 
equinox.— It is found by observation, thut the equinoctial 
points, aiuk nil the other points of the ecliptic, are con¬ 
tinually moving backwartls, or in anlcccdcniia, i. c. west¬ 
wards. 'i'his retrograde motion of the equinoctial points, 
arises from the Precession of the equinoxes, and is made 
at the rale of 50i seconds every year nearly* Sec Prk- 
CESSioNi also the preface lo the Nautical Almanac for 
the year 1797- * 

EQUINOXES, the times when the sun enters the 
equinoctial points; that is, about the 21st of March and 
22d of September : the former being the vernal or spring 
equinox, and the hftter the autumnal equinox.—As the* 
suirs motion is unequal, being sometimes quicker and 
soinciimcs slower, it hence happens ihot there arc about 8 
days more trom the vernal to the autumnal equinox, or 
wlitlc the sun is on the northern side of the equator, than 
while he is in moving through the southern signs, from the, 
autumnal to the vernal equinox, or on the southern side of 
the c(|uator* According to the observations of M.Cassini, 
the sun is 186^ 14^^ 53"^ in (he northern signs, 
ond only 17S 14 56 in the southern signs, 
so thut 7 23 57 is their diff*, or nearly 8 days. 
EQUINUS Barbaius, a kind of comet. Sec Hippeus. 
EQUITANGENTIAL Curve, is one that whs first con¬ 
structed by Mr* J. Perks, the tangent of which is always 
equal to a constant line. It is the Involute of the calc- 
naria; and* is also the curv^ of traction lo a straight line. 
—For the various propcrires of ibis curve, its mechanic^ 
construction, its relation to the caicnaria, and its use in 
dividing the meridian in Mercators projection, wc refer to 
the Philos. Trans* No. 343: see also Broughom^s paper 
on Porisms, in the Philos. Trans, vol. 88; or my Abridg. 
vol. 18, pa. 354, for other curious properties of this cune. 

EQUULEUS, EQUicULUS,*and Equus iWinor, Equi 
sectioy the Hors^e Hcad^ one of the 48 old constellations, 
in the ndrlhcrit hemisphere. Ils stars in Ptolemy’s cala- 
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ogvc arc 4, in Tycho’s 4, in Ilovelius’s 6, and in Flam¬ 
steeds 10. 

ERA I OSl MLNES, a Icjirned Greek jiliilosophcr of 
Cyrciie, and librarian ot AleNaiulria iiiuler I*loloniy Euer- 
getes, king of Ejypt. Me was leiirn<'(l in all tin* sciences, 
and Urst discovered a melhod of ima'-iirii.g the carlh’s 
magnitude ; whence he was called the Cusinographer and 
Surveyor ol llic Universe, lie "ave a mechanical solution 
to the famous [noblem of doubling the cube. And lie gave 
a method of finding prime numbers, in arithmetic, com¬ 
monly culled Kratostlieiies’ bive, a learned account of 
which is given by Dr. Horsley, in the Philos. Trans, of 
1772; or in my Abridgment, sol. 13, jia. 314. Someofbis 
works remain, which were jirinted at 0.\ford, in Greek, 
10'72, Svo. Eratosthenes died about 1<;4 before the year 
Christ, at 81 years of age, 

ERECT F«/oh. Sic Vision. 

Eiiect Diuh, such as stand perpendicular to the liori- 
zon, jind are of various kinds; ^s erect direct, when they 
face exactly one of the four cardinal points, «ast, wc.st, 
north, south ; and erect declining, when thi-y decline from 
the cardinal points. See Dial. 

To Eiiect a l*erpendicular, is a popular problem in 
practical geometry, and denotes to raise a perpendicular 
from a given line, iScc, ns distinguished from demining or 
letting fall a perpendicular on a line, &c, from some point 
out of it. See Peri'ex dicular. 

ERIDANUS, t/is River, a constellation of the southern 
hemisphere, and one of the 48 old astcrisms. The stars 
in this constellation, in J’tolcmy’s catalogue, are 34, in 
Tycho’s 19, and in the British catalogue 84 . 

EIRRA1 iC, an epithet applied to the planets, which are 
called erratic or wandering stars, in contradistinction to 
the fixed stars. 

ESCALADE, or ScALADr, a furious attack on a wall 
or a rampart; carried on with ladders, to pass the ditch, 
or mount the rampart; witlioiit proceeding in form, 
breaking ground, or carrying on regular works to secure 
the men. 

ESPAULK, or EpAUr.E. See Epaui.e. 

• ESPLANADE, in Furtificution, called also Glacis, a 
pan which serves os u parapet to the counterscarp, or 
covert uuy; being a declivity or slope of earth, com¬ 
mencing from the lop of the counterscarp, and losing it¬ 
self insensibly in.tlie level of the champaign. 

Espeanadp. means also thy ground which lias been le¬ 
velled from the glacis of the counterscarp, to the first 
houses; or the vacant space between the works and the 
house's of the town. 'I'hc term is also applied, in the 
general, to any piece of ground that is made tlut or level, 
and which before had some eminence that incotnmoded 
the pined. 

ESTIVAIi Occident, Orient, or Solstice. See Occi- 
1»E»T, Ohiknt, So^tice. 

estuary, an airo of the sea; a'frith ; nr the mouth 
of a lake or river in which ll« tide reciprocates. 

ETHER, an element morcMe and subtile than air; or 
»ir refined and sublimed ; or the iitaller of the highest re¬ 
gions above. 

Ether, in Chemistry, a certain very light, volatile, 
fragrant, iitfiamniable liquor, procured by dlsiiilation, by 
beat, from a mixture of alcohol, and sulpliuric or some 
other acid, in equal quantities. 

The specific gravity of ether, is from 0-725 to 0-632, 
according to its diffcreiii degrees of purity. It appears a 
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hinjiid and c<lIou^l<■s^ liqu<jr, of a liot puiigc-iit i.a'fe, 
highly fragrant, and bo \(/Imiic that it can hardly I.- 
poured Irom one vcvbel to another witljouc inucii b.v'v bv 

evaporation, the purest portion of it ab-uiiiiiig the slate of 
eliisfic fluid. 

When exposed to .i erdd of - 46 , .-thor freezes and 
crystallizes. In inodeiate ti nij>( ranir<» it is not aflrcfcd 
by oxygen gas or common air; but when kindled in a state 
ot vapour, it burns rapidly with a lim- al.ite fiame. and 
Raves behind a trace of charcoal. In the state of vapour 
It detonates with common air and oxygen gas. 

E\ 1 OR A1 ION, the act ot dissipating liic humidity 
of a body in fumes or vapour; ditfering Innn exhalation, 
which IS properly a dispersion of diy panicles iv.uing 
from a body.—Evaporation is usually pr.iduced by heat” 
and by the change of air : ihux, common salt is formed by 
cvapoiuting all the humidiiy from the brine or salt ualer; 
uliitli evaporation is cither perfijrined bv liie heat of the 
sun, iLN in the salt-works on the sea-co.ast, &c ; or by means 
of lire, as at the salt-springs, \-c: and it is well known 
how uselul a biisk wind is in diving wet clothes, or the 
surface of the ground ; while in .'i calm, still atmosphere, 
lliuy dry oxtrenicly 

Hut* though cvaporalion l)c generally considered as an 
effect of the heat and inoiion of the air, yet .M. Guuteron, 
in the iMemoires do I'.Acad. d«-s Seieiic. an. 1705, shows, 
that a quite opposite caun- may have the .<uue < ffect, aiul 
that fluids lose more of their pai ts in the severest frost than 
when the air R moderately warm : thus, in the great frost 
of the year 1708, he foumi that the greaii r the'cold, the 
more considerable the evaporation ; and that ice itself lost 
full a-s much as the warmer liquors tliaf did not freeze. 

There arc indeed few subjects of philo.sophicul investi¬ 
gation that have occasioned a greater variety of opinion 
than the theory of evaporation, or of the ascent of water 
in such a fiuiil as air, between 8 and i) hundred tiim-s 
lighter than itsell, to diflerent heights, according to the 
diftercnt densities or states of the atmosphere; in which 
case it must be specifically lighter than the air llirough 
which it ascends. The Cariesiaiis account for it by sup¬ 
posing, that by the action ol the sun upon the water, small 
particles of the water are formed into hollow spheres and 
filled with the materia subtilis, which renders them spcciri- 
callylighter thutrihe ambient air, so that they are buoyed 
up by it. ^ 

Dr. Nicuwenlyl. in liis Religipus IMiilosophcr, cont. Ip, 
and several others, have alleged, that tfie sun emits par¬ 
ticles of lire, which adliere to those of water, an<l form 
iiioleculaj, or small bodies, lighter than an etjual bulk of 
air, which consequently ascend nil they come to a height 
where the air is ot the saiii'e specific gravity with them¬ 
selves; au<l that these particles being sepatated from the 
fire with which they are incorporated, coalesce nod de- 
scciid in dew or mn. 

Dr, Ilalloy has advanced another hypothesis, which has 
been more generally receivedt’he imagined, that by the 
action ot the sun on the surface of the water, the aqueous 
particles are formed into hollow spherules,' that ore filled 
with a finer air highly nireficd, so as to liccotne speciti^ 
cally lighter than the external air. Philos.'Frans. No. 
192 , or my Abridg. vol. 3, pa. 42?. 

Dr. DcsaguUei-s, dissatisfied with these hypotheses, pro¬ 
poses another in the Philos. Trans. No. 407, or Abride. 
vol. 7, pa. 323. See nlso liis Course of Experimental 
Philosophy, vol. 2, pa. 336. lie supposes that heat acts. 
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more powiTfiilly on waicr than on common air; that the 
^niiic degree of heat v^liich rarefies air two-lhinls, will 
rarely wahT nearly 14,000 rimes ; and that a very small 
degree of heat will raise steam or vapour from water, 
even Ml winter, while it condenses the air; and thus the 
particles of water arc converted into vapour by being 
iuad« to repel each other strongly, and, deriving electricity 
from the particles of air to which they arc contiguous, arc 
n pelled by tin*in and by each other, so a* to form a fluid 
which, being lighter than the air, rises in it, according to 
I heir relative gravities. The j^ariicli'S of this vapour retain 
tlieir repel lent force for a considerable time, till, by some 
(luniiiutiun of the dcn^ity of the air in'which they float, 
thi*y arc [irccipitutt'd downvvnrdv and brought within the 
sphere of each other's attraction of cohesion, and so join 
again into itrops of water. 

.Many objections have been urged against this opinion ; 
ns, by Mr. Clare, in his 'I'reatise of the Motion of Fluids, 
pH. *25)4; and by Mr. Kowning in his System of Philoso¬ 
phy, part 2, diss. 6; to winch Dr. Hamilton has added 
the two following, viz, That if heat were the only cause of 
evaporation, water would evaporate faster in a warm close 
room, than when exposed in a colder place, where there 
i> a constant current of air; which is contrary to experi* 
cnee; and that the eva[iorution of water is so far from dc* 
pending on its being raretied by heat, that it is carried on 
even while water is condensed by the coldness of the air^ 
till it freezes; and since it evaporates even when frozen 
into hard ice, it must also evaporate in all the lesser de» 
grccs of cold. And therefore heat does not seem^ to be 
the principal, much less the only cause of evaporation. 

Others have more successfully accounted for the phe^ 
nomenu of evaporation on another principle, viz, that of 
solution; having shown, from a variety of experiments, 
that what w<' call evaporation, is nothing more than agra« 
dual solution of water in uir, produced and supported by 
the same meuns, viz, attraction, heat, and motion, by 
which other solutions arc cflectcd. 

It seems however that the AbbC* Nollet first started this 
opinion, in his Lc90fis do Physique Experimcntalc, pub^ 
lished in 1740, without pursuing it much further: he 
there only conjectures that the air of the atmosphere may 
serve as a solvent or sponge, with regard to the bodies that 
encompass it, and receive into its pores the vapours and 
exhalations that arc detached from the masses to which 
they belong in a fluid state; and lie accounts for their as¬ 
cent on (he sumo flrinciplcs with the ascent of liquors in ca¬ 
pillary tubes. On his hypothesis, the condensation of the air 
contributes, like the squeezing of a sponge, to their descent. 

Dr. Franklin, in a paper of Philosophical and Meteoro¬ 
logical Observations, Conjectures, and Suppositions, de¬ 
livered to the Royal Society about the year 1747, and 
read in 17^6, suggested a similar hypothesis: he observes, 
that air and water mutually attrnc^each other; and 
hence he concludes, that water will dissolve in air, ns salt 
in water; every particle ofair assuming one or more particle 
of water; at)d when too much is added, it precipitates in 
rain* But os there is not (he same contiguity between the 
particles of air as there is between those of water, the so¬ 
lution of water in air is not carried \)n without a motion 
of the air, so as to cause a fresh accession of dry particles. 
A small degree of heat so weakens* the cohesion of the 
particles of water, that those on the surface easily quit it, 
and adhere to the particles of air: a greater degree of beat 
is necessary to break the cohesion between water and air; 


for its particles being by heat repelled to a greater distance 
from each other, they thereby more easily keep the parti- 
cles of water, (hat are annexed to them, from running into 
cohesions that would obstruct, refract, or reflect the heat: 
and hence it happens that when we breathe in warm air, 
though the same quantity of moisture may be taken up 
from the lungs as when breathe in cold air, yet that 
moisture is not so visible. On which principles he ac¬ 
counts for (he production and dilferent appearances of 
fogs, mists, and clouds. And he adds, that if the particles 
of water bring with them electrical Arc when they attach 
themselves to air, the rcpulsjrm between the particles of 
water eUxtrifled, Joins with the natural repulsion of the 
air to force its particU^ to a greater distance, so that the 
air being more dilated, it rises and carries the water up 
with it; which mutual repulsion of the particles of air is 
increasc<l by a mixture of comition fire in the panicles of 
water. When air, loaded with surrounding particles of 
water, is compressed by adverse winds, or by being driven 
against mountains, or condensed by taking away the 
fire that assisted it in expanding, then the particles will ap¬ 
proach one another, and the uir with its water will descend 
as a dew; or if the water surrounding one particle of air 
come in contact with the water surrounding another, they 
will coalesce and form a drop, producing rain ; and since 
it is a well-known fact, that vapour is a good conductor 
of electricity, as well as of common fire, it is reasonable to 
conclude with Mr. Henley, that evaporation is one great 
cause of the clouds becoming at times surcharged with 
this fluid. Philos. Trans, vol. 67^ pa* 134. See al& voL 
55, pa. 182; or Franklin's Letters and Papers on Philo¬ 
sophical Subjects, pa. 42, &c, and pa. 182, cd. 1769* 

M.lc Roi, of the Academy of Sciences at Paris, bos also 
advanced the same opinion, and supported it by a variety 
of facts and observations in the Memoirs for the year 1751* 
He shows, that water undergoes in the air a real dissolution, 
forming with it a transparent mixture, and possessing the 
same properties with the solutions of most salts in water; 
and that the two principal causes which promote the so¬ 
lution of water in the air, arc heat and wind; that the 
hotter the air is, within a certain limit, the more water it 
will dissolve; and that at a certain degree of heat the air 
will be saturated with water; and by determining at di^ 
ferent times the degree of the air's saturation, he estimates 
the influence of those causes on which the quantity depends 
that is suspended in the air in a state of solution* Ac¬ 
cordingly, the air, heated by'-evaporating substfl%ces to 
which it ir contiguous, becomes more rare and light, rises 
and gives way to a denser air; and, by being thus removed, 
contributes to accelerate the evaporation. Thg fixed air 
contained in the internal parts of evaporating bodies, put 
into action by heat, seems also to increase theio evapora¬ 
tion. The wind is another cause of the increase of. eva¬ 
poration, chiefly by changing and iq^cwing the air which 
immediately encompasses the evaporating substances; and 
from the consideration of ttesc two causes combiued, it 
appears why the quantity or vapour raised in the night is 
less than that raised in the.day, since the air U then both 
less healed and less agitated. To the objection urged 
against this hypothesis, on account of the qyaporatidn of 
water in a vacuum, this ingenious writer rcplicf, that the 
water ilstlf contains a great quantity of air, which gra¬ 
dually disengages itself, and causes the evaporation; and 
that it is impossible that a spgco containing water which 
Evaporates should remain perfectly free from air. To this 
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objection Dr. Dobson of Liverpool replies, that though air 
appears, by un(]Ucsiionabtc expjTimonts, to be a chemical 
solvent of water, and, as such, is to be considered as one 
cause of its evaporation; heat is another cause, acting 
without the inlervciition of air, and producing a copious 
evaporation in an exhausted receiver; agrecabiy to an ex¬ 
periment of Dr. Irving, who says, that in an exhausted re¬ 
ceiver water rises in vapour more copiously at 180° of 
Fahrenheit's thermometer, than in the open air at 212°, its 
boiling point. Dr. Dobson further adds, that water may 
exist in air in three dilk-rent stales; in a state of perfect 
solution, when the air will be clear, dry, and heavy, and 
its powers of solution still active ; in a state of beainniiig 
precipitation, when it becomes moist and foggy, its powere 
of solution are diminished, and it b<-comes lighter in pro¬ 
portion as its water is de|iositcd ; and also, when it is com¬ 
pletely precipitated, which may happen cither by a slower 
process, when the dissolved water falls in a drizzling rain, 
or by a more sudden process, when it descends In brisk 
showen. Philos. Trans, vol. 6'7, pa. 257 ; and Phipps’s 
Voyage towards the North Pole, pa. 211. 

Dr. Hamilton, professor of philosophy in the university 
of Dublin, transmitted to the Royal Society in 1765, a 
long dissertation on the nature of evaporation, in which 
be proposes and establishes this theory of solution; uiid 
though other writers had been prior in their conjectures, 
and even in their reasoning on this subject. Dr. Hamilton 
assures us, that lie has not rcprcscnted-any thing as new 
which be was conscious had ever been proposed by any 
one before him, even as a conjecture. Dr. Hamilton hav¬ 
ing evinced the agreement between solution and evapora¬ 
tion, concludes, that evaporation is nothing more than a 
gradual solution of water in air, produced and promoted 
by attraction, heat, and motion, just as other solutions aro 
effected. 

In ordtfr to account for the ascent of aqueous vapours 
into the atmosphere, this ingenious writer observes, that 
the lower beds of the air being pressed by the weight of the 
upper beds against the surface of the water, and conti¬ 
nually rubbing upon it by iu motion, attracts and dissolves 
those particles with which it is in contact, and separates 
them from the rest of the water. And since the cause of 
solution in this case is the stronger attraction of the par¬ 
ticles of water towards the air than towards each other, 
those that arc already dissolved and taken up, will be still 
further raised by the attraction of the dry air that lies over 
them, and thus they will dilfuso themselves, rising gra- 
duallyhigherand higher, and so leave the lower strata ofair 
not so much saturated but that it will still be able to dis¬ 
solve and take up Ircsh particles of water; which process 
is greatly promoted by the motion of the wind. When 
the vapours are thus raised and carried by the winds into 
the higher and colder parts of the atmosphere, some of 
them will coalesce into small particles, which slightly at¬ 
tracting each other, and being intermixed with air, will 
form clouds ; and these clouds will float at different 
heights, according to the quantity of vapour borne up, 
and the degree of heat jn the upper parts of the atroo- 
sphere: and thus clouds ore generally higher in summer 
ihar^ in winter. When Iheclouds are much increased by 
a continu^ ffHdilion of vapours, and their particles are 
driven cldH together by the force of Uie winds, they will 
run into drops heavy enough to fall down in rain. If the 
clouds be frozen before their particles are gathered into 
drops, small pieces of thffii, being condensed and made 
* Voi. I. . 
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heavier by the cold, fall down in (liin Hakes of snow. 
WJun tlie parlicirs arc lurmc<l into drops before tlicy aro 
Irozeiiy become Itailstoncs. Wlien the air is npieie 
wilh s a pours, and a cold breeze springs up, \shicb checks 
the solution of them, clouds aie tonned in ibc lower parU 
of the v^tmospliere, and coinpo^se u inisl or fog, which 
usually happens in a cold mornniij, nnti is dispersed when 
the sun has wanned the air, and made h capable of dis¬ 
solving ihc*sc watery particle*. Southerly \Miids commonly 
bring rain, because, being warm and re|detcwi(l; aqueous 
vapours, they aro cooled by coming into a coliU r climate; 
and therefore they pan with some of them, uhich preci¬ 
pitate in rain: whereas uonhorly winds, bemg cold, and 
acquiring additional heal by coming into a warmer cli¬ 
mate, arc ready to dissolve and receive more vapour than 
they before contained ; and therefore ure commonly at¬ 
tended with fair weallier. 

Changes of the air, with respect to its density and rarity, 
as well as its heal and cold, will produce contrary effects 
in the solution ofwatet, and the consequent ascent or fall 
of vapours. Several cNperimcnts have been made Nvhich 
prove that air, when rarened, cannot keep so much w aler 
dissolved in it as it does in a more condensed state; and 
therefore when the atmosphere is satunitcd with water, 
and changes from a denser to a rarer stale, the high and 
colder parts of it will let go some of the ivatcr before it is 
dissolved, forming new clouds, and disposing them to fafl 
down in rain: but a cjiauge from a rurt r to a denser 
state will stop the precipitation of the water, and enable 
the air to dissolve^ cither in whole or in part, some of 
those clouds that were formed before, and render their par¬ 
ticles h*ss apt to run into drops and fall down in rain : on 
this account, we generally find that the rarefied and con^ 
densed states of the atmosphere are respectively attended 
with rain or fair weather. See more on this subject in 
the Philos. Trans. voK 55, pa. 146; or Hamilton’s Philos^ 
phical Essays, pa. S3. 

Dr. Halley, before mentioned, furnished several expe¬ 
riments on the evaporation of water; the result of which 
is contained in the following articU^: 1. That water salted 
to about the same degree as s^a-water, and exposed to a 
beat equal to that of a summers day, did, from a circular 
surface of about 8 inches diameter, evaporate at the rate 
of 6 ounces in 24 hours; whence by a calculus he finds 
that, in such circumstances, the water evaporates 1-lOth 
of an inch deep in 12 hours : which quantity, he observes, 
will be found abundantly sufficient to furuish all the rains, 
springs, dews, &c. By this experiment, every 10 square 
inches of surface of the »vatcr, yield in vapour, per diem, 
a cubic inch of water: and each square fool half a wine 
pint; every space of 4 feet square, a gallon ; a mile square, 
6914 tons;‘and a square degree, of 09 English miles, will 
evaporate 33 millions of tons a day; and thus the whole 
Mediterranean, which is computed to contain 16O square 
degrees, will yield at least 5280 millions of tons each 
day. Philos. Trans. No. 189 ; or my Abridg. vol. 3, pa. 
387*—2. A surface of 8 square inches,evaporated purely 
by the natural warmth of the weather, without cither wind 
or sun, in the course of a whole year, 16292 grains of 
water, or 64 cubic inches; consequently, the depth of 
water thus evaporated in one year, amounts to 8 inches. 
Bat this being too little to answer the experiments of the 
French, who found that it'rained I9 inches of water in one 
year at Paris; or those of Mr. Townlcy, who found the 
annual quantity of rain in Lancashire above 40 inches; 
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he therefore coricludo^i, tlial the sun and wind con- 
tnbuti’ num* to i va|K>ration llian any internal healoragi- 
tatfon of tfjc water. In effect, Dr. IluUcy tixes tlic un- 
iiunl evaporation of London at 48 inches; and Dr. Dob¬ 
son stat(<^ the same for Liverpool at .lO'J inches. Pliilos. 
'J>ni»s. \ol. ()/, p. 2o2. 

3. 'I’hc (ffect of the wind is very considerable, on a 
dijuble acctaml ; for llie s'lmc observations show a very 
singular (juabty in the vupcjurs of water, vi/, that of ad¬ 
hering to the surface thatexlialed them, which they clothe 
as it were with a tUice ofvapor<)US air ; which once in¬ 
venting the vapour, it afterwards nsc*s in nuich less quaii- 
lily. Whence tlic (juantity of water lost in 2^ hours, 
when the air is very still, was very small, in proportion to 
what went when there was a brisk gale ol w*in<l abroad 
to dissipate the tleece, and make roont for tlic emission of 
THpotir; and tins, even though the experiment was made 
in a place as secure from the wind as could be contrived. 
Moreover, (hi$ Deece of water, hanging to the surface of 
w aters in still weather, is the occasion of very singular ap¬ 
pearances, by ihe refraction of ibc vapours diflenngfrom 
and exceeding that ot coiniimn air; whence every thing 
appears more lofiy, or raised above its usual level, as 
houses, slee|)les, sljips, &c. 

4. The same ex))erimenls sh<nv that the evaporation in 
May, June, July, ami August, which are nearly equal, 
are abotil three limes ns great as those mi the moJitlis of 
November, Deieinbcr, January, and Feliruary, Philos. 
Trans. No. 212, or my Abrulg. voh3, pa. (>58. 

Dr. Hrownrigg, in his Art of making common salt, pa. 
I89>fi-Ncs the evaporation of some partsofLnglamlat73*8 
inches during the months of May, June, July, and August; 
and the evaporation of the whole year at more than 140 
inches. Hut the evapordtioii of the four summer mouths 
at Liverpool, on a inctliuin of 4 years, was found to be 
only 18*88 inches. Also Dr. Ilulcs calculates the greatest 
annual evaporation from the surface of tlic earth in Eng- 
lantl Hi 6*()f) inches; and therefore the annual evaporation 
from a surface of water, is to the annual evaporation 
from I Ik* surface u\ tin* earth at Liverpool, nearly os ti to 
1. Philos. 'Frans, vol, 6*7, ubi supra. 

In the Transactions Of the American Philosophical So¬ 
ciety, vol. 3, pa. 125, there is an ingenious paper on eva¬ 
poration, by Dr. Wislar: where he sImmvs that evapora¬ 
tion arises wdiciithc moist body is w armer than the medium 
it is inclosed iu:un<l, on the contrary, it acquires moisture 
from the air, the colder the body is. This currying off, 
and acquiring of moisture, it is shown, is by the passage of 
heal out of the body, or int(> it, 

LUCLID, of Megarn, a celebrated philosopher and 
logician; he was a disciple of Socrates, and nourished 
abdtit 400 years before Christ. The Athenians having 
priddbited the Megarians from entering their city on pain 
ol death, tins philosopher disguised himself in w'omcn^s 
clothes to attend the lectures of Socrnles. After the death of 
Socrates,Plato and other philosopliers wont to Luciidat Jto- 
gara, to shelter ihemselvis Irom the tyrants who governed 
Athens. Euclid admitted but one chief good ; which he at 
different times called God, or the Spirit, or Providence. 

This philosopher has, by some, been confounded with 
Euclid of Alexandria, the prince of geometricians; but 
independently of the different subject of their writings, it 
is well known that Euclid of Megara nourished at least a 
century before Euclid of Alexandria was born, 

Euclid, the celebrated matbcmaticiao, according to the 


account of Pappus and Prod us, was bom at Alexandria, 
in Egypt, where he flourished and taught mathematics 
with great applause, under the reign of Ptolemy Lagot, 
about 280 years before Christ. Some Arabian historians^ 
however, inform us, that he was born at 1'yre, that his 
futhorcs name was Naucrat(*s, an inhabitant of Daroas.^^ 
The particular place of bis nativity appears, therefore, to 
be uncertain ; but wdiciheror not Alexandria had the ho 
nour of giving birth to this celebrated mathemuticinn, all 
historians agree that ho flourished and taught mathema¬ 
tics there, at the lime abovemenlioncd ; which city, from 
that perio<l to the con<{uest of it by the baracens, ^eems to 
have been the residence, if not the birth-place, of all the 
most eminent mathematicians of that time. Euclid re¬ 
duced into regularity and order all the fundamental prin- 
cipK*s of pure mathematics, which had been deliveitd 
tlown by Thales, Pylhagorus, Eudoxus, and other mathe¬ 
maticians before him, and added many others of his own : 
oil which account il is said he was the first w*ho reduced 
arithmetic and geometry into the form of a science. He 
likewise a|)plied himself to tite study of mixed mathema¬ 
tics, particularly to astronomy and optics. 

His works, as wc learn from Pappus and Proclus, are 
the Elements, Data, Introduction to Harmony, Pheno¬ 
mena, Optics Caloprics, a Treatise on the Division of 
Su|uTficics, Porisms, Loci ad Superficiein, Fnllacies, and 
Four books of Conics. 'Fbc nu>st celebrated of these, is 
the first work, thu Elements of Gconieiry ;of which there 
have U*en numberU'ss cdiiioiH, in all languages; and a fuke 
edition of all his works, now extant, w as printed in 1703, by 
David Gregory, Savilian professor of ustrunomy at Oxford* 

The lleineiits, as cummrmly published, consist of 13 
books, ofwbichthelast two, it is suspected, are not Euclid's, 
but a comment of Hypsicles of Alexandria, who lived 200 
years after him. They arc divided into three parts, via,, 
the Contemplation of Supcrfick's, Numbers, and Solids: 
the first 4 books treat of planes only; the 3th of the pro¬ 
portions of magnitudes in general; the 6tU of the propor¬ 
tion of plane figures; the 7 th, blh, and pUi, give us the 
fundumcntal properties of numbers; the lOih contains the 
theory of commensurable and incommensurable lines and 
spaces ; the I llh, 12th, 13th, I4th, and 15tb, treat of the 
doctrine of solids. 

There is no doubt but, before Euclid, Elements of Geo¬ 
metry were compiled by HippocrateH ol Chios, Eudoxus^ 
Ix*on, and many others, mentioned by Proclus in the be¬ 
ginning of his second hook; for lie affirms that Euc^ new^ 
ordered many things in tlie Elements of Eudoxus, com¬ 
pleted many things in those of 'rhcatcius, and besides 
strengthened such propositions as before were loo slightly^ 
or but superficially established, with the mtisi firm aud 
convincing demonstrations. 

History is silent as to the lime of Euclid's^deaih, or his 
age. But Pappus represents him as a person ot a cour¬ 
teous and agreeable behaviour, and in great t^slecm with 
Ptolemy Lagos, king of E^pt; w ho one day asking hin)> 
whether there was not any shorter way of,coming ul geo¬ 
metry tban by his Elements, Euclid is said to have an^ 
swered, ** ihat (here wns no royal road to gtomtlry*^ 

EUDIOMETEH, an instrument for deteri^ing the 
purity of the air, or the quantity of pure auA^Shlogivti- 
cated or vital air contained in it, chiefly by mWis of its 
diminution on a mixture with nitrous air. 

Instrumentsof this kind were first made, in consequence 
of the experiments and discoveiftsof DrPricslky# for de^ 
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terminiiig the salul)rily of di/Tcrent kinds of air. Thai wri¬ 
ter having discovered, ihat when nilfous air is mixed with 
any other air, their original hulk is diminished ; and that 
^ the diiiiinutiuti i» nearly, if not exactly, in proportion to 
its salubrity; he was hence led to adopt nitrous air as a 
true test ol the purityof respirable air; and nothing more 
si'cniod to be necessary but an easy, expeditious, ami ac¬ 
curate method ot estimating the tUgrec of diminution in 
diSerent cases; and for this purpose, the eudiometer was 
contrived ; of which several kinds have been iuvi iUed, ll»e 
principal of which are the following. 

I. The eudiometer originally used by Dr. Priestley is a 
divided glass tube'; into which, after hining tilled it uitli 
common water, and inverted it into the same, one mea¬ 
sure or tfiore ol common air, and an equal quantity of ni¬ 
trous uir, arc introduced by means of a small pliial, which 
is called the measure ; and thus the diminution of the vo¬ 
lume of the mixture, which is seen at once, by means of the 
graduations of the lube, iiistantiy-discovcrs Uie purity of 
the air required. 

JI. The discovery of Dr. Priestley was announced to 
the public in the year 1772; and several persons, both at 
borne and abroad, presently availed themselves of it, by 
framing other more accurate instruments. The first of 
these was contrived by M. Landriani; a description of 
which is given in the 6th volume of Rosier’s Journal, for 
Uic year 1775. It consists of a glass tube, fitted, by grind¬ 
ing, to a cylindrical vessel, to vvbicb arc joined two glass 
cocks and a small bason; the whole being fixed to a wooden 
frame. In this instrument quicksilver is used instead of 
water; though that is attended with an inconvenience, be¬ 
cause the nitrous air acts upon the metal, and renders the 
experiment ambiguous. 

III. In 1777> Mr. Magellan published an account of 
three eudiometers invented by himself, consisting of glass 
vessels of rather difficult construction, and troublesome 
louse. M. Cavallo observes, that the construction of all 
the three is founded on a supposition, that the mixture of 
nitrous and atmospherical air, having continued for soinu 
time to diminish, afterwards increases again; which it seems 
is a mistake: nor do they give accurate or uniform results, 
in experiments made with nitrous and common air of pre¬ 
cisely the same quality. 

IV. A preferable and very accurate method of discover¬ 
ing the purity of the air by means of a eudiometer, is re¬ 
commended by M.Fontana. The instrument is originally 
nothing more than a divided glass tube, though the inven¬ 
tor afterwards added fo it a complicated apparatus, per¬ 
haps of little or no use. The first simple eudiometer con¬ 
sisted only of a glass tube, uniformly cylindrical, about 18 
inches long, and 3>-ltb$ of an inch diameter wiihin-sidc, 
the outside being marked with a diamond at such dis¬ 
tances as are exactly filled by equal measures of clastic 
fluids: and when any parts of these divisions are required, 
'the edge of a ruler, dividtxl into inchv's and smaller parts, 
is held against the tube, so that the first division of the 
ruler may cuindde with one of the marks on the tube. 
The nitrous and%tmospberical air arc introduced into this 
tube, in order to be diininishcd, and ihencc the purity of 
the aimos^cric air ascertained. 

V. M.CTUiSurc of Geneva also invented a eudiometer, 
which bethinks is more exact than any of those before 
described; the apparatus of which is as follows: 1. A cy¬ 
lindrical gloss bottle, with a ground stopple, containing 
about 5| ounces of air, which serves as a receiver for mix¬ 


ing the two airs.—2. A small glass [)hial, to s<-rvi' a> a 
measure, and is about (nie-thiril the size of the n-ciiier._ 

3. A small pair ol scales that may weigh very exactly.— 

4. Several glass bottles, for containing the nitrous or 
other air to be used, and which may sup|>iy the place cl 
the recipient when broki ii. I he mctliod of using this in¬ 
strument is as follows:—The receiver is to be filled with 
water, closed cxacily with its glass stopper, wi]Kil dry on 
the outside, and then weiglied very accuratily. Bein'; 
then iinmerged in a vessel of water, and held with the* 
mouth downwards, the stopple is n moved, and, by means 
ol a luiiiiel, two measure's of common and one < f nitrous 
uir are introduced into it, one after another; these dimi¬ 
nish as soon as they come into contact; in consequence of 
which the water enters' the recipient in proporiionable 
quantity. After being stop|>cd and well shaken, to pro¬ 
mote the diminution, the receiver is to be opened again 
under water ; then stopped and shaken again, and so on 
for three limes successively, afterw hich the bottle is stoppe d 
for the last time under water, then taken out, wiped very 
clean and dry, and exactly weighed as before. It is plain 
that now, the buttle being filhd partly with clastic tluid 
and partly with water, it must be lighter than when quite 
full of water; and the dill oronce between those two wtights, 
shows nearly what quantity of \\atcr would till the space 
occupied by the diminished clastic Iluid. Uut* in making 
experiments with airs of difterent degrees of purity, the 
said difference will be greater when the diminution is less, 
or when the air is less pure, and vice versa; by whicb 
means the comparative purity between two different kinds 
of air is determined, 

VL But as this method, notwithstanding the cncomi* 
urns bestowed on it by the inventor, is subject to several 
errors and inconveniences; to remedy all these, another 
instrument was invented by M. Cavallo; the description 
of which, being long, may he seen in his Treatise on the 
Nature and Properties of Air, pa. 344. 

Other constructions of the eudiometer have also been 
given by Mr. Cavendisli and Mr. Schceic, For further in¬ 
formation, sec Magellan’s Letter to Dr. Priestley, contain¬ 
ing the Description of a Glass Apparatus, &c, and of New 
Eudiometers, 1777, pa. 15, &c; Piiesllcy’s Exp. and 
Obs« OD Air, vol. 3, preface and appendix ; the methods of 
Dr. Ingcnbousz in Philos. Trans. vol.6f>, art. 15; see also 
the Philos. Trans, vol. 73 ; and Cavallo’s Treatise OQ^ir/ 
pa. 274, 315, 5l6, 317, S«8, 340, 344, and S43. T 
EUDOXUS, of Cnidus, a city of Caria in Asia Sfinor, 
flourished about 370 years bt^fore Christ. He learned geo¬ 
metry from Arebytas, and afterwards tra\clied intoEg^pt 
to learn astronomy and other sciences. There he and 
Plato studied together, as Laertius informs 6s, for the 
space of 13 years; and afterwards came to Athens, fraught 
with all sorts of knowledge, which they had learned from 
the priests. Here Eudoxus opened a school; which he 
supported with so much glory and renown, that even Pluto, 
though bis friend, is said to have envied him. Eudo.xus 
composed Elements of Geometry, from which Euclid li- 
l>crally borrowed, as mentioned by Proclus. Cicero calls 
Eudoxus the greatest astronomer that had ever lived: and 
Petronius says, be spent the luttcr part of bis lifetipon tho 
top of a very high mouDtnin, (hat he might contemplate tho 
stars and the heavens with more convenienco and \vss in¬ 
terruption: and we.learn from Strabo, that there were 
some remains of bis observatory at Cnidus to be seen oven 
in bis time. He died in tbe 53d year of his ngc. 
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1 AT.C'riON, is u^cd by some astronomers for the li- 
bratiofi of the moon; bcui^ an inequality in her motion, 
by wluch, at or near the (|uaiiraturc$, she is not in a line 
rlravvn through (he centre of the earth to the sun, as she is 
at the sy^)glcs,or conjunction and opposition, but makes 
an angle uith that line of about 2^ 5l\ The motion of 
(he moon about tier a\is only is equable, which rotation is 
performed exactly in the same time as she revolves about 
the earth; for which reason it is that she turns always the 
same face towards the earth nearly, and would do so 
1 xactly were it not that her menstrual motion about the 
earth, in an elliptic orbit, is not equable; on which ac* 
count the moon, seen from the eartli, appears to liberate a 
little upon her axis, sometimes from ca^t to west, and 
sometimes from west to cast; or some parts in the eastern 
limb of the moon go backsvardsand forwards a small space, 
and some that were conspicuous, arc hid, and then appear 
again. 

'Pile term Evectiox is used by some astronomers to 
denote that equation of the moon’s motion, which is pro* 
portional to the sine of double the distance of the moon 
from the sun, dimininhod by tlic mootPs anomaly : this 
e(|Uution is not yet accurately delennined ; some stale 
it at 30\ others at 1® l6\ Stc. It is the greatest of all 
the moon's equations, e.xcept the c(|uution of the centre. 

EVEN Numlfcrp is that which can be divided into two 
equal w hole numbers; such as the series uf alternate num¬ 
bers, 2,4,6, 8, 10, &c, and is therefore properly expressed 
by the form 2 n, 

EVENLY Eren Nurnb^ry is that wiiich can bo twice di¬ 
vided by 2, and therefore is o.xpresscd by the form 4n. 

Evenly Odd Ntmiber, is that which can he only divided 
by 2 once, the quotient being an odd number, and ii 
tlicrcfore of the form 4n -t* 2 s 2 (mn-1),that is, the quo¬ 
tient is of the form 2a -h 1 , which is therefore necessarily 
nn odd number. 

E\'ERARD's Sliding Rul^y a particular sort of rule in¬ 
vented by Mr.Thomas Everard, for the purpose of gaug¬ 
ing. See Sliding Rule. 

EULKR (LeonA nn), one of the most celebrated ma¬ 
thematicians of the 18th, or perhaps of any other century* 
He was a native of Basil, and was boiu April 15, 1707- 
'i'hc years of his infancy were passed at Uichen, where his 
father was minister lie was afterwards sent to the uni- 
ven^ of Basil; and as his memory was astonishingly re¬ 
tentive, and his application regular, he performed his aca¬ 
demical tasks with great rapidity; and all the tilne that he 
S4ived by this, was consecrated to the study of mathema¬ 
tics, which soon became his favourite science* The early 
progress be made in this branch of study, added fresh ar¬ 
dour to hi# application ; by which he likewise obtained a 
distinguishing mark of the attention and esteem of professor 
John Bernoulli, who was then one of the most eminent ma¬ 
thematicians in Europe. 

In 1723, M. Euler took his degree as master of arts; 
and delivered on (hat occasion a Latin discourse, in which 
he .drew a comparisoti between the philosophy of Newton 
and the Cartesian system, which was received with the 
greatest applause* At his father’s desire, he ncM applied 
himself to the study of theology and the oriental languages: 
and though these studies were foreign to his predominant 
propensity, his success was considerable even in this re- 
s^ect^: however, with his father’s consent, he afterwards 
returned to mathematics as his principal object* In con¬ 
tinuing to avail himself of the counsels and instructions of 


M.BcmouUi,hc contracted an intimate friendship with his 
two sons Nicholas and Daniel; and it was chiefly in con¬ 
sequence of these connexions (hat he afterwards became 
the principal ornament of the philosophical world. 

The project of erecting an academy at Petersburg, which 
had been formed by Peter the Great, was cxccnted by 
Catharine the 1st; and the two young Bt*rnouUis being 
invited to Petersburg in 1725, promised Euler, who was 
desirous of following them, that tboy would use their en¬ 
deavours to procure for him an advantageous settlement 
in that city. In (be mean time, by their advice, he made 
close application to the study of philosophy, to which he 
made happy applications of his inatliemalical knowledge, * 
in a dissertation on the nature and propagation of sound, 
and an answer to a prixe question coheerning the masting 
of ships; to which the Academy of Sciences adjugded the 
accessit, or second rank, in the year I727« From this lat¬ 
ter discourse, and other circumstances, it appears that 
Euler had very early cmbarkctl in the curious and usi ful 
study of naval architecture, which be aftei^vard enriched 
with so many valus\blc discoveries. The study of mathi-- 
matics and philosophy however did not solely engage his 
attention, as he in the mean time attended the medical and 
botanical lcctur<« of the professors at Basil. 

Euler’s merit would have given him an easy admission to 
honourable preferment either in the magistracy or univer¬ 
sity of his native city, if both civil and academical honours 
had not been there distributed by lot* This being against 
him in a certain promotion, he left his country, set out for 
Petersburg, and was made joint professor with his coun¬ 
trymen Hermann and Daniel Bernoulli^ in tbc university 
of that city. 

At bis drst setting out in his new career^hc enriched the 
academical collection with many memoirs, which excited 
a noble emulation between him and the BcrnouUis; an 
emulation that always continued, without cither degene¬ 
rating into a selfish jealousy, or producing the least altera¬ 
tion in their frieiulship* 11 was at this time that ho car¬ 
ried to new degrees of perfection the integral calculus, in¬ 
vented the calculation by sines, reduced aualyticnl opera¬ 
tions to a greater simplicity, and thus was enabled to 
throw new light on all the parts of mathematical science* 

]i) 1730, Euler was promoted to the professorship of 
natural philosophy; and in 1733 he succeeded Ins friend 
U. Bernoulli in the muthcmatical chair. In 1735, a pro* 
blcm was proposed by the academy, wliich required ex¬ 
pedition, and fur the calculation of which some eminent 
mathomattcians had demanded (he space of somo months* 
The problem was undertaken by Euler, who completed 
the calculation in three days, to the great astonishment of 
the academy: but the violent and laborious efforts that he 
made to accomplish it, threw him into a fever, that en¬ 
dangered bis life, and deprived him of the use of bis right 
eye, which afterwards brought on a total blindness. 

The Academy of Sciences at Paris, which in 1738 had 
adjudged the prize to his memoir Concerning the Nature, 
and Properties of Fire, proposed for thenar 1740 the im¬ 
portant subject of the Tides of the Sea; n proble m wbo^ 
solution comprehended the theory of the solar system, and 
required the most arduous calculations* Eulub solution 
of this question was adjudged a master-piece qg oualyris 
and geometry; and it was more honourable for him (o 
share the academical prize with such illustrious competi¬ 
tors as Maclaurin and Daniel BcroooIH, than to have 
carried it away from rivals of less magnitude* Seldom, if 
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fvefi did such & brilliant competition adorn the annaU of 
the academy; and perhaps no subject^ proposed by that 
learned body, was evi^r treated with such force of reason¬ 
ing and accuracy of investinacion, as that which here dis* 
played the plii!oso[)hical powers of this extraordinary tri¬ 
umvirate. 

In the year 17+1» Euler was invited to Berlin to <lirecl 
and assist the academy that was there rising into fame. 
On this occa'^ion he enriched the l;isl volume of the Mis¬ 
cellanies (Melanges) of Berlin with five memoirs, which 
form an eminent, perhaps the principal, figure in that col¬ 
lection. 'rhesc were followed, with amazing rapidity, bv 
a great number of ini|)ortant researches, which arc dis* 
persed througli the memoirs of the Prussian academy ; a 
volume of which has been regularly published every year 
since its establishment in 1744. The labours of Euler 
will appear more particularly astonishing, when it is con¬ 
sidered, that while he was enriching the academy of Berlin 
with a profusion of memoirs, on the deojK^st parts of ma- 
tbematical science, contained always under some new 
points of view*, and often replete with sublime truths, and 
sometimes discoveric*s of great importance ; he still con¬ 
tinued his philosophical contributions to the Petersburg 
academy, whose memoirs display the marvellous fecun¬ 
dity of bis genius. 

It was with great dilTiculty that this extraordinary man, 
in 1766, obtain^! permission from the king of Prussia to 
return to Petersburg, where ho wished to puss the re¬ 
mainder of his days; but soon after his return, which was 
graciously nwvarded by the munificence of Catharine the 
2d, he was seized with a violent disorder, which ended in 
the total loss of his sight: a cataract, formed in his left 
eye, which had been essentially damaged by the loss 
of the -other eye, and too close an application to study, 
deprived him entirely of the use of that organ. It was in 
this distressing situation that he dictated to his servant, a 
tailor's ap])rcntice, who was absolutely devoid of mathe¬ 
matical knowledge, his Klcmonts of iMgebra; which by 
their intrinsic merit in point of perspicuity and method, 
and the unhappy circumstances in whicli they were com¬ 
posed, have equally excited the wonder and applause of 
the learned. This work, tlumgh purely elementary, plainly 
exhibits the proofs of an inventive genius; and it is per¬ 
haps here alone that we meet with a complete theory of the 
Diopbantinc analysis. 

About this time M. Kulcr was honoured by the Aca¬ 
demy of Sciences at Paris with the place of one of the 
foreign members of that learned body; after which, the 
academical prize was a<ljudgod to three of his memoirs, 
Concerning the Inequalities in tlie Motions of the Planets. 
The two prize questions proposed by tlic same Academy 
for 1770 and 1772 were designed to obtain from the la¬ 
bours of astronomers a more perfect Theory of the Moon. 
M. Euler, assisted by his eldest son, was a competitor fur 
these prizes, and obtained them both. In this last me¬ 
moir, he reserved for further consideration several inequa¬ 
lities of the moon's motion, which he could not^detormine 
in his first theory, on account of the complicated calcula¬ 
tions io whicITthe method he then employed had engaged 
him. He afterwards revised his ^hole theory, with the 
assistance ofhissonand Messrs. KrafTt and Lcxcll; and pur¬ 
sued his researches till he bad constructed the new tables, 
which appeared, together with the great work, in 1772. 
Instead of con6ning'himself, as before, to the fruitless in¬ 
tegration of three di0erciit]Bl c<]^tigns of the second de¬ 


gree, which are fiirnishcd by inaihomaiical [irinciplcs, be 
reduced them to llu tijree ordinates. wIhcIi deternnne the 
place of the moon: and he divided into classes all ibt- ui- 
equalitics of that planet, far ihey depend eith^Ton 
the elongation ot the sun and moon, or on thu excenlri- 
city, or the parallax, or the inchnahon< f ihe lunar orbit. 
All these means of inventigauon, eniplovi'd with such art 
and dexterity as could only be expected iVoin a genius of 
the first order, were attended wall tlie greatest succiss; 
and it is imp<»ssib)o to observe without adti»irati(»n, such 
immense calculations on the one haiuK ami on (he other 
the ing(*nious methods employed hj this great man to 
abridge them, and to facilitate their applicauon to the real 
motion of the moon. But this arlininitioji will becrnnc 
astonishment, when we consider at what perio<l and in 
what circumstances all this was effected. It was w hm our 
author was totally blind, and consequently obliged to ar¬ 
range all his computations by the sole powers of Ins me¬ 
mory and his genius : it was when he was cnibarrasstti in 
his domestic affairs by a dreadful fire, (hat had consumed 
great part of his substance, and forced (dm to quita ruined 
house, every corner of which was kmwvn to him by habit, 
which 111 some measure supplied the want of sight. It 
was in thcsc circumstunc<-s that Kuler composed a work 
which alone was sulKcic nt (o render his name immortal. 

Some time after riiis, tlie famous oculist Wentzell, by 
couching the cataract, restored sight to our autlior; but 
the joy produced by this operation was of short duration. 
Some instanc(*s of negligence on the part of his surgeons, 
and his own impatience to use an organ, wIhjsc cure was 
not completely finished, deprived him a second time and 
for ever of his sight: a relapse which was also uccon^Danied 
with tormenting pain. With the assistance of his sons, 
however, and of Messrs. Krafi'i and Ix'xell, he continued 
his labours: neither the infirmitic*s of old ago, the loss 
ofhis sight, iior the acuteness of the pain, could quell the 
ardour of his genius. Me had engaged to furnish the Aca¬ 
demy of Petersburg with as many memoirs as would be 
sufficient to complete its acts for 20 years after his death. 
In the space of 7 years he transmitted to the Academy 
above 70 memoirs, and above 200 more, left behind him, 
were revised and completed ])y a friend. Such of Uiese 
memoirs os were of ancient date vvere sepamted from the 
rest, and form a collection thaf was published in the year 
1783, under the title of Analytical Works. 

The general knowU dge of our author was more exten¬ 
sive than could well be expected, in one who had pursued, 

with such unremitting ardour, mathematics and astronomy 

as his favourite studies. He had made a very consider¬ 
able progress in medical, botanical, aticl chemical science. 
Whal was still more extraordinary, he was an excellent 
scholar, and possessed in a high degree what is gencrall/ 
called erudition. He litid attentively read the most emi¬ 
nent writers of ancient Home; the civil and literary his¬ 
tory of all ages and all nations was familiar to him ; and 
foreigners, who were only acquainted with bis works, were 
astonished to find in the conversation of a man, whose 
long life seemed solely occupied in mathematicul and phy¬ 
sical researches and discoveries, such an extensive ac¬ 
quaintance with the most interesting branches of litera¬ 
ture. In this respect, no doubt, he was much indebted to 
a very uncommon memory, which seemed to retain every 
idea that was conveyed to it, either from reading or from 
meditation. He could repeal the iEneid of Virgil, from 
the beginning to the end, without hesitation, and indi- 
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< aJo tlic tir'-l and last line ul' every page ol' the edition he 
U5C<I. 

.Sfvt ral iiltacks of a \crligo, in the beginning of Sep¬ 
tember 17S3, «liich di<l not prevent his computing the 
luofrons of the iioroslaUc globes, were however the fore- 
riniiu'is of his mild passage out of this life. While he was 
amusing liiinsclfat tea with one of his graiuUchildreii, he 
was struck with an apoplexy^ which tenninated his illus¬ 
trious career at 7b years ol age. 

iM. l*/uler*s constitution was uncommonly strong and 
Vigorous. liis health was good; and the evening of his 
long life was calm and serene, sweetened by the lame that 
follows genius, tlie public c>teein and respect that arc 
iKwiT withheld from exemplary virtue, and several domes¬ 
tic comforts, which he was capable of feeling,and therefore 
deserved to enjoy. 

'I'hc catalogue of his w orks has been printed in 50 pages, 
1+ of w hich c<M)tHin the manuscript works. — The printed 
onei consist of works published separately, and works to 
be found in the memoirs of several Academies, viz, in 38 
volumes of the Petersburg Acts (from 6 to 10 papers in 
each volume) in several volumes of the Paris Acts;^ 
in 26 volumes of the Berlin Acts.(about5 papers to each 
volume)ill the Aciu ICniditorum, in 2 volumes;—in 
the Miscellanea ruurinensia;-^iu vol. 9 ^hc Society of 
Ulyssingue;—in the Ephcincridesof Berlin;—in the Mc- 
inoires de la Society CEconomique for 1766 ;—and in the 
Philos. Trans, by seven memoirs, from vol. •W lu vol. 62. 

EVOLVENT, in the Higher Geometry, a term used, by 
some writers for the involute, or curve resulting from die 
evolution of a curve, in contradistinction to that evolutc, 
or curve supposed to be opciuled or evolved. See Evo* 
LUTK, tind Involute. 

EVOLUTE, in the Higher Geometry, neurve first pro¬ 
posed by M. Huygens, a^d since much studied by many 
eminent mathematicians. It is any curve supposed to be 
evolved or opened, by having a thrca<l wrapped close upon 
it, fastened at one end, and beginning to evolve or unwind 
the thread from the other end, keeping stretched the part 
evolved, or wound oflT; then this end of the thread will 
describe another curve called the Involute. Or the same 
involute is described in the contrary way, by wrapping the 
thread upon the evolutc, keeping it always stretched, 

Thus, if BFOii be any curve, and ae either a part of 
the curve, or a right line; then if a thread be wound dose 
upon the curve from a to ii, where it is fixed, and then 
be unwound from a ; the curve akfgh, from which it is 
evolved, is called theevdute; and the other curve a&cd, 
described by the end the thread, as it evolves or un¬ 
winds, is the involute. Or, if the thread iiD, fixed at ii, 
be wound or wrapped upon the evolutc hgfba, keeping 
It always stretched, as at the several positions of it no, 
oc, PB, BA, the extremity will dc^scribe the involute curve 
dcba. 




From this description it appears, l.That the parls of 
the thread at. any positions, as ea, fb, gc, iid, &c, ai^ 
radii of curvature, or osculalory radii, of the involute 
curve, at the points a, b, c, d. 

2 . The same parts of the thread are also equal to the 
corresponding lengths ae, a lf, a efg, &c, of the evolutc; 
that is, 

AE = AE is the rad. ofcurvalure to the point At 
l»P=AF - - - B, 

CG = AG - . - • C, 

Dll ^ All • . " - D. 

3. Any radius of curvature dp, is perpendicular to the 
involute at the point B, and is a tangent to the evolute 
curve at the point p. — 4. The evolute is the locus of the 
centre of curvature of the involute curve. 

The finding the radii of cvolutes, is a matter of great 
importunce in the higher speculations of geometry; and 
is even sometimes useful in practice; as is sliown by 
Huygens, the inventor of this theory, in applying it to Uic 
pendulum. HoroI.Oscil. part 3. For the doctrine of the 
.oscula of evedutes we arc indebted to M. Leibnitz,'who 
first showed the use of evolutes in the measuring of curva 
turcs. 

To^nd the Evolute and Involute Curres, the one from 
the other.—For this purpose, put 
e s AE the involute curve, 

X — ad the absciss of the involute, 
y = DE its ordinate, 
r = EC its radius of curvature, 
p = EF (he absciss of (he evolutc^ 

» = FC Its ordinate, and 
G s AE a given line (fig. 2 above)# 

Thcii, by (be nature of the radius of curvature, it is 

p =5 .. _ . =3 DC =5 AE -h Bc; also by sim. triangles, 

• X • • r 5 G D ^ s 


S;JP 


• . 


OC=^ = 


y*-xg* 


i Ji-xg' 


Hence EF SSt GD — DB = .-r 


Seif 


and 


FC = AD — AE+ OC = X— 0 + -~i 


-“ V= p; 

r-. = ui which are 

yx-x!/ 

the values of the absciss and ordinate of the evolute curve 
uc; which tberefure may be found when the involute is 
given. ' 

On the other hand, if v and u, or the evolutc be given: 
then, putting the given curve ec s sincccB = ae ec, 
or r s a -t- a.-thjs gives r the radius of curvature. Also, 
by similar triangles, there result these proportions, vit, 
rv a + . . 

j: O': :r: a/ =OB,'* 

X * 


. ra a + t . 

* : u :; r: =-u =:oc: 

9 k 


therefore 


AD s AB re oc = 0 ti f Xp 

9 

and DB p^B — EF St <£r — p =: y; whIch are the 

absciss and ordinate of the involute curve, and which may 
therefttre be found, when the evolutc is given. It may 
also be observed that i* li*, and ss ■»* And 

cither of the quantities x, y, may be supposed to flow 
equably, in which ease-the respective second fluxion x or 
y will ba nothing, and the corresponding term in the de* 
nonujintor J'x — ^ will \anisb, leaving only the other 
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terfn in it; which will have the effect of rendering the ope* 
ration simpler. 

For Example, 11 it be required to find the evolution 
EC when the given involute ab is the common parabola, 
whose equation js/>r=^’, iho parameter being 

Here and y= making 

x_=sO. Then, to find lirst ae the radius «'f curvature of 
the parabola ab at the vertex, when x = 0, the general 
value of the radius of curvature above given becomes 




(p 


•'# N "T < •' t • t . « 

y — . 'vhjcli IS the general v/iluc of r or Be, the 

radius of cunalure, for any %alu?ofx or ai>; andwlu-nr 

• •% r» -- .1 • .. • .• J 

becomes 




— (by substituting the value ofy and 


or Ai) is .Oor nothing, the value of r, 


or A E. 


p'j 

then a—ip^tvly; or half the parameter of the 

axis is the radius of curvature at the vertex of the para¬ 
bola. 

Again, in the general values of pand u above given, by 
tubsiiiuting the values of>, y, and «, also 0 for i, and 
fur a;, those quantities become 

u=:x-a ^ ^ ip~ a= 3 r, 

Ilonce then, comparing the values of j in both of these. 


nitcly small sides of a new curve, to which tlK\ would 
be 50 many langentv.—Such a curve is a kind of ev-lutv, 
and has its radii ; but it is an impcVfvct one, sitice the 
radii are not perpendicular to the lirsl curse, or iinoluie. 
llist.de I’Acad. Cve, an. Ifoy. 

E\'OLUlION, in Aiiihinetic and Algebra, denotes 
the extraction of roots. In w hich sen^e it stands opposed 
to involution, which is the r.ii-.ingol powers. 

Evolution, in Geometry, the epening, nr unfolding 
of a curve, and making it describi* an txilvcnt. 

The etjuiible evolution of the periphery of a circle, or 
other curve, is such a gradual approach of the circum¬ 
ference to rectitude, as that its parts do all concur, and 
ccjimlly evolve or unbend ; so that the same line' becomes 
successively a less arc of a reciprocally greater circle; 
tillat last they change into a straight line. In ihe I’liilos! 
1 rails. N'o. 2(iO,a new quadratri.x to the circle is found by 
this me ans, be ing the curve described by the* equable evo- 
lution of its periphery. 

l-UKVTHMV, in Arcbilcciun , Painting, and Sculp¬ 
ture, is a kind of majesty, elegance, and easiiiws appearing 
in the composition of ccrlain Jiiembers oi parts of a bo<ly 
building, orpainting, nnd resulting from ilie fine and exact 
proportiiins of them. 

EUSi’YLt, ib the hot maniuT of placing columns 
iviili regard to their distaiue; which, according to \’itru- 
vius, should be 4 inodulcd. or 2} diaineiei-b. 

KUrOCiyS, a respectable Greek inathoinatician, of 
Ascalon, in Palestine, about the year of Christ 530. He 
was one of the most considerable innthcmaticums that 
flourished about the decline of the sciences among the 
which is the equation bciwoon the absciss anil' ordinate «? f'»r hisj>rcci ptor l>idorus, the principal 

the ©volute curve ec, showing it to be the semicubical ?, „ the church oi St. Sophia at Constamim.plo. 

parabola. rtc is cbie/ly known however by Lis comnu-niaries on the 

of the two ancient uuihoi-s, Archimedes and Apol¬ 
lonius. 'I hose two commentaries are both excellent com¬ 
positions, to which we owe many useful observations in 


parabola. 

In like manner the evolute to any other curve is found. 
The evolute to the common cycloid, is an equal cycloid; 
a properly first demonstrated by Miiyg.-ns, and which he 
used as a contrivance to make a pendulum vibiatc in the 
curve of H cycloid. Si*c bis Ilorolog. Oscil. See also. 

on thesubjcctofevoluleandinvolulc curves, the Fluxions 
of Newton, Macluiirin, Simpson, Del'Hopital, &c; Wolf. 
Elem. Math. tom. 1, itc, &c. 


M.Varignon has applied the'doctrine of the radius of •» J792- Of these commentaries, tho* 

the evolute, to that of central forces; so that having the "'Inch illustrate Arcliimfdes's work o 

radius of the evolute of any cUrvc, there may be found Cylinder; in one ofwhichwo have a n 

the value of the central force of a bodv: whirl., moving . °J * methods practised by the ancients i 


the value ol the central force of a body; which, moving 
in that curve, is found in the same point where that- ra¬ 
dius terminates; orleciprocally, having the cAtral force 
pyen, the railius of the evolute may be determined. 
Hist, de I'Acad. an, 1706". ^ 

The variation of curvature orthc line described by the 
<*yqIution of a curve, is measured by the ratio of the radius 
m curvature of the evoluTe, to the tadius of curvature of 
the line described by the evolution. See Maclaurin's 
Hux. art 402, prop. 36. 

Imperfect Evolute, a name given by M. Reaumur to 
a new kind of evolute. Mathematicians bad hitherto only 
considered the perpendiculars let fall from the involute 
on the convex side of ilie evolute: but if other lines not 
perpendicular be drawn upon the same points, provided 
ibev be all drawn under the same angle, the effect will 


the hiiMory of the inathcnialics. 

Ilis coniincntaries on Apollonius are published in 
Halley's edition of the works of that author; and those 
on Archimedes, first in the Basle edition, in Greek and 
Latin, in 1543, and since in some others, as the late 
Oxford edition, in J797- Of these commentaries, those 

oil 
ri*- 

practised by the ancients in 
the solution of the Delian problem, or that of doublinir 
the cube. - The others are of lcs.s value ; though it cannot 
but be regretted that Eutocius did not pursue his plan of 
commenting on all the works of Archimedes, with the 
same attention and ililigencc which he eniploved in his 
remarks on the sphere and c\ Under. 

EXCI-:NT11IC, is aj.pUed to such figures, circles, 
spheres, &c. os have not the same centre; as opposed to 
concentric, which have the same centre. 

ExcENTnre, ur Excentric Circle, in the aiicientTtolc-* 
male Astronomy, was the very orbit of the planet itself 
which It was supposed to describe about the earth, and 
winch was conceived cxcentric with It; called also the 
dcfiTcnt. But instead of ilic^u cxcentric circles round 
the eurth^ the planets arc now known to describe elliptic 
orbits about the sun; which accounts for all the irre<*ulari- 


«n bethe same : i Z T* orbits about the sun; which accounts for all the IrregularU 
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N I Ric, oT r.xcauric Cirt/r, in the Modern Astro* 

M utn* i> the circle described from the centre of the orbit 
nf a planer, uiih hull the greatest axis as a radius; or it 
js t)ie circle (hat circumscribes the elliptic orbit of the 
planet ; as the circle aqb. 

|yXt£KTUiC Anomafy^ or Ano 
fualy oj ihc Cc/ 2 /rc, isuii arc aq oI* 
the cxcenlfic circle, intercepted 
between the aphohon a, aii<J the 
ri^lit line gn, drawn ihroujjh the 
<*enlre v of tljc planet perpen* 
rliculur to the line of the apses 

A B. 

Exclntric E</uationf in the 
Astronomy of the ancients, is an 
angle made by a line <irawn from the centre of the earth, 
with another line drawn from the centre of the cxccntric, 
to the hody or.place of any planet. This is the same with 
the prosthapheresis; and is equal to the ditTerence, ac¬ 
counted in an arclt of the ecliptic, between the real and 
apparent place of the sun or planet. See Equation 
(he Centre. 

Excksthic Place 0 / a planet^ in ilsorbit, is the helio¬ 
centric place, or that in which it appears as seen from the 
sun. 

Kxckntkic Place in (he ecliptic, is the point of the 
ecliptic to which tlie planet is rcTcrredos viewed from the 
sun ; and tvhich c<nncidc$ willi the heliocentric longitude. 

EXCENTRlCrry, is the distance between the centres 
of two circles, or spheres, which have not the same 
CCD t re. 

Kxcentrxcitt, in (he Old Astronomy, is the distance 
between the centre of a planet and the centre of the earth. 
—That the planets have such an excentricity, is allowed 
on all sides, being evident from various circumstances; 
and particularly from this, that the planets at some times 
appear larger, and at other times less ; which can only 
proceed from hence, that their orbits being exccntric to 
the earth, in some parts of those orbits the planets arc 
nearer to us, and in others more rcn^otc. And as to the 
cxccntricitics of the sun and moon, it is thought they arc 
suflicicntly proved, both from eclipses, from the moon's 
greater and less parallax at the same distance from (he 
zenith, and from the sun's continuing longer by 8 days in 
the northern Hbmisphcrc than in the southern one, 

Exc^KTRiciTY, in the new Astronomy, is the distance 
cs between the sun s and the centre c of a planet's orbit; 
or the distance of the centre from (he focus of the elliptic" 
orbit; called also the Simple or Single Excentricity. 

When the greatest equation of the centre is given, the 
excentricity of the earth's orbit may be found by the fol¬ 
lowing proportion; viz, 

As the diameter of a circle in degrees, 

Is to the diameter in equal parts; 

So is the greatest equation of the centre in degrees, 

To the excentricity in equal parts. Thus, 

OrcHlost cquat. of the cent, 55'38''=; 1^*9258333 &c. 
The diam. of a circ, being 1, its. circumf. 1$ 3*14159S6. 
Then 3*1415926: I : :36o®: U4''*5915609 diam. in deg. 
And 114-5915609: 1:: 1^9258333:0016806, the ex. 
Hence, by adding this to 1, and subtracting it from 1, 
gives r0l6806 = as the aphelion distance, and 0*983194 
s DS the perihelion distance* 

See Robertson's Elcm of Navlg. book 5, pa, 286. 


Oibenche, thus : Since it is found that (be sun's gre^t* 
cst apparent scmi*diametcr is to hts least, as 32' 43'' to 
3l' 38 ,oras 19^3" to 1898"; the sun's greatest disuiici* 
from the earth will be to his least, or as to sb» as 1963 
to 1898; of which, 

the half dtf. is 32{ = cs» 

and haltsum 1930} ^ CB; therefore, 

05 lySOj : 32{ : : 1 : : 016835 = cs the excentricity, to the 
mean di>tancc or semi axis 1 ^ \s Inch is nearly the same as 
before, 

'I'he cxccntricitics of the orbits of the several planets, 
jti parts of their own mean distances 1000, and also in 
English miles, are as below, viz, the excentricity of the 
orbit of 
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P^ni. 

Mile*. 

Mercury 

- *^210 - - 

7,730,000 

V’enus 

7 - . 

482,000 

E.irth 

- - 17 • - 

1,618,000 ' 
13,486,000 

Mars 

- - 93 - ' 

Vesta 

. . 36 - - 

8,112,500 

64,315,000 

Juno 

- - 25* - - 

Pallas 

- . 2*6 - - 

73,600,000 

('ercs 

- - 78 - - 

20,615,000 

Jupiter 

- - 48 - - 

23 , 760,000 

Snturn 

- - 55 - 

49 , 9 * 0,000 

Ilersciicl 

- - 47i - - 

86,000,000 

Or the execntricitics of the orbits in parts of their own 

moan distances 1 

, and the secular variations of the same, 

according to Laplace, are as below: 



Ekcentr. 

See. Viiut. 

Mercury 

- 0-20551494 - 

- 0-00000387 

Venus 

7 0-00685298 • 

- 000006371 

Earth 

- 0-01683518 - 

- 0-00004163 

Mars 

- 0 09313400 - 

• O.OOOO 9 OI 8 

Jupiter 

- 0-04817840 • 

- 0-00015935 

Saturn 

- 005616830 - 

. 0-00031240 

Hcrschel 1 
or Uranus ( 

- 0 04667030 - 

- 0-00002507 

Exceiitricitics 

of the Orbits of the new or Telescopic 


00783*9 

0-2453S4 

0 - 25 * 9 ^ 

025096 

0093220 


Pianists, are, 

Piazzi, or Ceres (discovered 1801) - - 

Olbcrs, or Pallas ( - - 1802) - - 

Harding, or Jono ( .1804) - - 

Ditto, according to Btirckhardt - •> 

Gibers 2d, orVcsla (dis^ov. 1807) * ■ 

The excentricity of the moon's orbit is 0'0548558, the 
grcnter.s^mi>axis being 1. 

Doub/i^ExcENTRiciTT, is the distance between the two 
foci of thesllifitic orbit, and is equal to double the single 
excentricity above given. 

EXCESS {Spherical) i'll Trigonometry, is the excess of 
the sum of the three angles, of any spherical triangle, 
above 2 right angles. .Let, a, be the angles of a s^^ 
rical triangle; and a, I, c, the sides opposite to the angles 
A, B, c, respectively; « = 2 right angles, and r = the ra¬ 
dius of the sphere; then the spherical excess (a) is ascer¬ 
tained by thcfollowingtheofom, first given bySimonLhuH- 
licr of Geneva: Ton. -Je, or tan. ^Ca b m- c — a) = 
l .. a + fc+ 

-V'Ctan. - — 

or,= -v^(tan.^. Ian. 
j ^ (a h -4- c), half the sum of the sides. M. Puissant 
gives the following theorems for tho excess: 


a+b—e . . a+e—b 
tan.—:—. tail. —:—■ 


ft+e-f. 
tan. —:—L 


i^.tan.i^.tan.'where 
a a z 
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B s= (—) o'sin. 2c -K (—) c\ sin, 2a, or 

E = (^) » 'vliere A = the base, and A = the height of 

the triangle, also the number of seconds contained 
in radius. 

In a memoir on this by Burckhardt, in vol. 7 of the 
Memoirs of the National Institute of France, it is shown 
that the same propertycqually applies to such small trian* 
gles on the spheroidal surface of the earth as occur in the 
usual geotictical operations ; as no appreciable error will 
arise by coiibidcring such triangles as spherical ones, nor 
in any whose sides are small in comparison with a great 
circle of the sphere. It follows, says the author, that 
the small triangles traced on the surface of a spheroid 
may be calculated on the sdme principles as such trian¬ 
gles traced on the surface of a sphere ; and hotii of them 
may be reduced to rectilinear triangles, by diminishing 
their angU-s, each by u quantity equal to one-third of the 
area of a similar triunghs described on a sphere >yUosc 
radius is s l.-^The solution of spheroidal triangles, whose 
sides are small with regard to the dimensions (d the sphe¬ 
roid, depends therefore immediately on that of rectilinear 
triangk^a ; not only when the spheroid is elliptical and of 
revolution, but when it is in any manner irregular, pro¬ 
vided only that it differs but little from u sphere. 

EXCHANGE, in Arithmetic, is the bartering or ex¬ 
changing the money of one place for that of another ; or 
finding what quantity of tbc money of one place is equal to 
agivcu sum of another, according to a certain course ofex- 
clkango.—The several operations in this rule are only dif¬ 
ferent applications of the Rule of Three: which may be 
seen in most books of arithmetic. 

Arbitration of ExcHA^CEf is the method of remitting 
tOf and drawing upon, foreign places, in such a manner 
as shall turn out the most profitable. 

Arbitration is either simple or compound. 

Simple Arbitration respects three places only. Here, 
by comparing the par of aibitration between a first and 
second place, and between the 1st and a dd, the rate be¬ 
tween the 2d and dd is discovered ; whence a person can 
judge how to remit or draw to the most advantage, and to 
determine what that advantage is. 

Compound Arbitration respects the eases in which the 
c.xchangcs among three, four, or more places ^re con¬ 
cerned. A person who knows at w'hat f;ate he can draw 
or remit directly, and also has advice of the course of ex- 
, change in fofeign parts, may trace out a path for circu¬ 
lating his money, through more or fewer of such places, 
and also in such order, as to make a benefit of his skill 
and credit; and in this lies the great art of such negocia- 
tioDS. Sec Huttons Arithmetic, pa. 105; also the arti- 
ch^ AaBiTRATio.v, and the Chain Itu/e. 

EXCURSION, in Astronomy. See Kloxoatiox. 

Circles qf EscviViios. See Circles. 

EXEGESIS, or Exf.oktica, in AlgcbrH,is the fiifding, 
either in numbers or lines, the roots of the equation of a 
problem, According as llic problem is either numeral or 
geometrical. 

EXIiALATION,aTumc or steam, issuing from a body, 
and diffusing itself in the atmosphere. The terms exhala¬ 
tion and vapour are often used indilTercotly; but the more 
accurate writers distinguish them, appropriating tbc term 
vapour to the moist fuun» raised from water and other 
Vol. I. • 


liquid bodies; and the term exhalation the drs otus 
emitted from solid bodies; as earth, minerals, «S:c. In 
this sense, cxhalntions arc dry and subtile corpuscles, or 
effluvia, loosened from hard terri-slrial bodies, cither by 
the heat of the sun, or the action of the air, or some other 
cause; being emitted upwards to a certain height in the 
atmosphere, where, mi sing with (he vap<iurs, they hel|> lo 
constitute clouds, atul return back in dew s, mists, Mins. 
&LC. Sir Isaac New urn thinks, that true and permanent 
air is formed from the exhalations raised fr^jn the hardest 
and most compact bodies. 

EXHAUSl'ED Receiver^ is a glass, or other vess<l, 
applied on the plate of an air-pum]), to have the air 
extracted out of it by the action of the pump.—Things 
placed in such an exhausted receiver, arc said to be in 
\acuo. 

EXHAUSTIONS, or the JiTethod of Exhaust ion s, 
is a mode of demonstration founded on the principle of 
exhausting a qiiautit\ by continu«T)ly taking asvay certain 
parts of it. 1 he method of exhaustions was Jrequently re¬ 
sorted to by the ancient inuthomntjciuns; us Euclid, Archi¬ 
medes, &c. And it is founded on what Euclid ^avs in llir 
lOih book of his Elements; si/, that thost <fUaniitics arc 
equal, whose difierence is less than any liable quan¬ 
tity. Or it may be otherwise expressed thus : two quan¬ 
tities A and D an* equal, when, if to or from nm- of them 
as A, any other quantity as </ be subtracteri, however 
small it may be, the sum or ilifi'erence thus ohtained is re¬ 
spectively greater or less than the other quantity b : d 
being an indefinilively small quantity, 

if A -4- d be greater than R, 

and A — </ less than n, then is a equal to u« 

'IdiJSprinciple is used in the isl prop, of the 10th book, 
which imports, that if from the greater of two quantities 
be taken more than its half* and from the remainder more 
than its half, and so on; there will at length remain a 
quantity less than cither of those proposed. On this 
founilation it is demonstrated, that if a regular polygon of 
infinite sides be inscribed *in a circle, or circumscribed 
about it; that the space, which is the dificrenccbrtwcen the 
circle and the polygon, will by degrees be quite exhausted, 
and the circle become ultimately equal to the polygon. 
And in this way it is that Archimedes demonstrates, that 
u circle is equal to a right-angled triangle, whose two sides 
about the right angle arc equal, tbc one to the semidi¬ 
ameter, and the other to the perimeter of the circle. Prop. 
1 Do Dimensione^CircuH. 

Oil the method of exhaustions depends themethod of in¬ 
divisibles introduced by Cavalerius, which is but a shorter 
way of ex 4 )ressing (ho method of exhaustions; as also 
Wallis's Arithmetic of Infinites, which is a further im- 
provemcDt of tbc method of indivisibles; and hence also 
the methods of increments, diiTcrentinls, fluxions, and 
infinite series. Sec some account of the method of ex¬ 
haustions in Wallis's Algebra, chap. 73, and Ronayne's 
Algebra, part 3, pa. 395* 

EXPANSION, is (he dilating, stretching, or spreading 
out of a body; whether from any external cause, as the 
cause of rarefaction, or from an internal cause, as elas¬ 
ticity. Bodies naturally expand by heat, and arc con¬ 
tracted by cold ; and hence it happens that their dimen¬ 
sions and specific gravities are different in dificrenC tem¬ 
peratures and seasons of the year. Air compressed or 
condensed, as soon as the compressing orcondenring force 
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IS ii’iuovod, expands itself by its clastic power to its former 
(ijnieiisions. . 

In some few cases indeed, bodies seem to expand as they 
rool, as water in the act of freezing : but this is owing to 
tlie extrication of a number of air bubbles from the Huiil 
at a certain time; anil is not at all a regular and gradual 
expansion like that of metals, &c, by means ofhoat. Mr. 
Boyle, in his History of Cold, says that ice takes up a 
r 2 ih part more space than water; but by .MajorWilliams's 
experiments on the force of freezing water, I have foumi 
it occupies only about the I7th or 18th part more spoce. 
Transact, of the R. boc. of K<linb. vol.2, pa. 28. In cer¬ 
tain metals aUo, an expansion takes place when they pass 
from a fluid to a solid state; but thiN too is not to be ac¬ 
counted any proper effect of cold, but of (he urrungement 
of the parts of the metal in a certain manner; and is there¬ 
fore to be consiilend as a kind of crystallization. 

The expaiwioii ot ditfereiit bodies by hi^at is very various; 
and many experiments upon it are to be met with in the 
volumes ot (he Philos. Trans, and in oilier places. In (he 
48th vol. in [larticular, Mr. Smeaton has given a Irtble of 
the expansion ol many different substance's, as elelermincd 
by experiment, from which the following particulars arc 
x'Xlractcd. Where it is to be noted, that the quantities of 
expansion which answer to ISOdegfecs of Fahrenheit’s 
therinometer, arc expre-ssed in tcn-lhousandih parts of an 
English inch, each substance being 1 foot or 12 inches in 
length. 

Whitoglass barometer tube 
, Martial rcgulus of antimony 

Blistered steel - • . 

Hard steel - , - 

Iron .... 

Bismuth ... 

Copper hammered 
Co[)per 8 parts, mixed with I of tin 
Cast brass - • . 

Brass l6 parts, with tin 1 
Brass wire - - . 

'‘speculum metal 

Speller solder, viz, brass 2 parts, zinc I 
Fine pewter - - - ■ 

Grain tin - 

Soft solder, viz, lead 2, tin 1 

Zinc 8 parts, tin 1, a little hammered 
Lead .... 

Zinc orSpcItcr 

Zinc hammered 4 an inch per foot 
By other experiments it has likewise been found that, 
for each ihermoinelrical degree of heat, mercury, water, 
and uir, e.xpand the following parts of their own bulk, viz. 
Mercury the gCoothl 
Water the 6666th > part ofits bulk. 

Air the 435thj 

From the foregoing table it nppears, (bat there is no ge¬ 
neral rule for the degree of expansion to which bodies are 
subject by the same degree of heat, either from their spe¬ 
cific gravity or otherwise. Zinc, which is much lighter 
than lead, expands more with heat; while glass, which 
is lighter than either, expands much less; and copper, 
which is heavier than a mixture of brass and (in, expands 
less. It seems also that metals observe a proportion of 
expansion in a fluid state, quite dilfeftnt from what they 
do in a solid one: for rcgulus of antimony seemed to con¬ 


100 

130 

138 

147 

151 

167 

20k 

218 

225 

229 

232 

232 

247 

274 

298 

301 

323 

344 

353 

373 


tract in fi.xing, after having been melted, considerably 
more than zinc under similar circumstances. 

But of all known substances, those of the aerial kind 
expand most by an equal degree of heat; and in general 
the greater quantity of latent heal that any substance con¬ 
tains, the more easily is it expanded : yet even here no 
general law can be observed. It is indeed certain that the 
densest fluids, such as mercury, oil of vitriol, &c, are 
less expansible than water, spirit of wine, or ether. Which 
last is so easily expanded, that were it not for the prcs> 
sure of the atmo'pherc it would be in a continual state of 
vapour. And indeed this is the case, in some measure, 
with perhaps all fluids; as it has been found, by experi¬ 
ments with the best air-pumps, that water, and other 
fluids, ascend in vapours the more as the exhaustion is the 
more perfect; from which it would seem that water would 
wholly rise in vapour, in any temperature, if the pressure 
of the atmosphere was entirely taken off. 

After bodies are reduced to a slate of vapour, their ex¬ 
pansion seems to go on without any limitation, in pro¬ 
portion to the degree of heal applied; though it may be 
impossible to say what would be the ultimate effects of that 
principle acting upon them in this manner. The force 
with which these vapours expand on the application of 
high degrees of heat is so great, that no body or force ap¬ 
pears to be sufficient to counteract their effects. 

On this principle depends the construction of steam-en¬ 
gines, so much employed in various mechanical opera¬ 
tions ; likewise some hydraulic machines; and the instru¬ 
ments called manometers, which show the variation of 
gravity in the external atmosphere, by (he expansion or 
cctidensation ofa small quantity of air confined in a proper 
vessel. On this principle also, perpetual movements might 
be constructed similar to those invented by Mr. Coxc, on 
the principle of the barometer. And a variety of other 
curious machines may be constructed on the principle 
of aerial expansion; an account of some of which is 
given, under the articles HYonoaTATics and Pneu- 

M ATICS. 

The construction of thermometers depends also on the 
principle of the expansion of fluids. See Tit er Most etf-r.' 
And for the effecb of the different expansions of metnls^in 
correcting the vibrations of pendulums, set Pendulum. 

The expansion of solid bodies is measured by an in¬ 
strument Called the'pyrometer; and the force with which 
they expand is still greater than that ofoci inl vapoun; the 
flame of a small candle produces an expansian inn bar of 
f^on capable of counteracting a weight of 500 pounds. 
The quantity of expansion, however, is so small, that it 
has never been applied to the movement of any mechanical 
engine. 

EX PECTATION, in the Doctrine of Chances, is applied 
to any contingent event, on the happening of which, some 
benefit &c, is expected. This is enable of being reduced 
to tbc-rules of computation: fur u sum of money in ex¬ 
pectation when a particular,event happens, has a deter¬ 
minate value before that event happens. Thus, if a person 
is to receive any sum, as 10/. wbeA an event takes place 
which has an equal chance or probability of happening and 
failing, the value of the expectation is half that sum', or 
5/.: but if there are 3 chances forfaiiing, and only 1 for 
its happening, or 1 chance only in its favour out of all the 
4 chances; then the probability of its happening is only 
1 out of 4, or I, and the valuotof the expectation is but f 
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of 10/. which IS only 2/. lOs. or half the former sum. And 
Jq all cases, the value of the expectation of any sum is 
found by multiplying that sum by the fraction expressing 
the probability of obtaining it. So the value of the ex¬ 
pectation on 100/. when there are 3 chances out of 5 for 
obtaining it, or when the probability of obtaining it is 
is ^ of 100/. which is 60 /. And if s be any sum expected 
on the happening of an event, A the chances foi that event 
happening, and/thc chances for its failling; then, there 
being h chances out o(/-h h for its happening, the proba¬ 
bility will be 

and the value of the expectation Suppose, 

for example, that a person is entitled to 100 /. if, in casting 
a die, he brings up an ace; and to 50/. if lie brings up a 
six ; but in all other cases he is to have nothing, to lind 
lliC value of his expectation before the die is cast. In 
each case the number of chances, both for happening and 
failing, arc 6 , but for the event taking place only I; there¬ 
fore ^ of 100 /. s 167. 13i. 4</. is the value of his expecta¬ 
tion ill the first case, and ^ of 50/. s 8 /. 6s. 8 c/. is its worth 
in the second case ; consequently, their sum 25/. is the 
entire value of his ex|iectatioii before he uiulertakc-s to 
throw* Sec Simpson's or Dc Moivre's Doctrine of 
Chances. 

Expectation qf in the Doctrine of Life Annui¬ 
ties, is the sliare, or number of years of life, which a person 
of a given age may, on an equality of chance, expect to 
enjoy. Uy the expectation or share of life, says Mr. Simp¬ 
son (Select Exercises, pa. 273), is not here to be under¬ 
stood that particular period which a person hath an equal 
chance of surviving; this last being a diflerent, and more 
simple consideration. The expectation of a life, to put it 
in the most familiar light, may be taken as the huiiiIkt of 
years at which the purchase of an annuity, granted upon 
it, without discount of money, ought to be valued. Which 
number of years will differ more or less from the period 
above-mentioned, according to tbc different degrees of mor¬ 
tality to which tlie several stages of life are incident. Thus 
it is much more than an equal chance, according to the 
table of the probability of the duration of life (pa. 254 ut 
suom), that an infant, just come into the world, arrives 
JiofTo the age of 10 years; yet the cxpeclution or share 
of life due to it, on an. average, is near 20 years. The 
reason of which wide diflcrcncc, is the great excess of 
the probability of mortality in tbc first lender years of life, 
abq^L* that respecting the more mature and stronger nges^ 
ludccd, ifuhc numbers that die at every age were to be the 
same, the two quantities above specified svould also be 
equal; but when the said numbers become continually less 
and less, the expectation must of consequence be the 
greater of the two* 

Mr* Simpson has given a table and rule for finding ibis 
expectation, pa* 255 and 273 as below. 

For example, if it be required to find the expectation or 
share of life, due to a person of 30 years old* Opposite 
the given age in the first column of the table, stitnds 23*6 
in the K^cond col. for tbcyc^s in the expectation sought* 
Hce De Moivre's Doctrine of Cbancc» applied to the valu- 
ationXif annuities, pa. 288; or Dr* Price a Observations on 
lUvcrsiuuary PayinenlSj pa* 168,364, 374, &c; or Philos* 
Trans* vol* pa. 89* 


A Table of the Expectations of Ufe in London. 


Age. 

|Lxpecutioo.| 

Age. 

1 Ekpccujion. 

Ago. 

Kzpecutioii. 

1 

27'0 

28 

24-6 : 

55 

U'2 

2 

32-0 

29 

24-1 1 

56 

13-8 

3 

34-0 

30 

23 6 : 

57 

13-4 

4 

35-6' 

31 

23-1 

58 

131 

5 

36-0 

32 

1 

22-7 

59 

127 

6’ 

360 

33 

22-3 

60 

12-4 

7 

35-8 

34 

21-9 

61 

12.0 

8 

35-6 

35 

21-5 

62 

n -6 

9 

35'2 

36 

21-1 

63 

11-2 

10 

34-8 

37 

207 

64 

10-S 

ll 

34-3 

38 

20-3 

65 

10-5 

J2 

33-7 

39 

19-9 

66 

10 1 

13 

331 

40 

19-6 

67 

9-s 

U 

32-5 

41 

19'2 

68 

9-4 

15 

31-9 

42 

18-8 

69 

91 

16 ' 

31*3 

43 

18-5 

70 

8-8 

17 

307 

44 

18-1 

7t 

8-4 

IS 

30-1 

45 

17-8 

72 

8-1 

19 

295 

46 

174 

73 

7-8 

2(J 

28-9 

47 

17-0 

74 

7-5 

21 

28-3 

48 

167 

75 

7-2 

22 

277 

49 

l6-3 

76 

6-8 

23 

27'2 

50 j 

160 

77 

6-4 

24 

26‘‘6 

51 

15-6 

78 

6*0 

25 

2(>-I 

52 

15-2 

79 

5-5 

26- 

25-6 

53 

14<) 

SO 

5 0 

27 

25*1 

54 

14-5 




EXPERIMENT, in Philosophy, a trial of the etfect or 
result of certain applications and motions of natural bo¬ 
dies, in order to discover something of their laws and re¬ 
lations, &c. The making of experiments is become a 
kind of art; and there arc now many collections of them, 
mostly under the denomination of Courses of Experimen- 
tul Philosophy* Sturmius made a curious collection of 
the principal discoveries and experiments of the 17 th cen¬ 
tury, under the title of Collegium Experimentalc* Other 
courses of experiments have been published byGravesande, 
Desaguliers, Uclsbam, Cotes, &c» 

EXPERIMENTAL P/uVofopAy, is that which proceeds 
on experiments, or which deduces the laws of nature and 
the properties and powers of bodies, and their actions upon 
each olher, from sensible experiments and observations. 
Experiments are of the utmost importance in philosophy; 
and the great advantages the modern physics have over 
the ancient, is chiefly owing to our making more cx[icri- 
ments, and then founding our ibeories on the results thus 
obtained ; whereas tbc method of the ancients \«'as chiefly 
to begin wijh the assumed causes of things, and thence ar¬ 
gue to the phenomena and effects; on the contrary, that of 
the moderns proceeds from experiments and observations, 
whence the properties and laws of natural things ore de¬ 
duced, aiid general theories are formed. 

Several of the ancients indeed thought as highly of ex¬ 
periments 0 $ the moderns, and practised them also. Plato 
omits no occ^ion of speaking of the advantages of tliein ; 
and Aristotles history of animals bears ample testimony 
for him. Democritus's great emiployment was to make ex¬ 
periments; and even Epicurus himself owes part of his 
glory to the same cause* 

Among the moderns, the making of experiments Was 
chiefly begun by Friar Bacon, in the 13th century, who 
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n i;r( I tlcul of intnwy nn<l labour iu tbi-s pursuit. Af- 
(rf him, the luril chunccllt^r Bacon is as the 

l(»iitHirr of (he present mixlo of phil<»sophi’*ing by oxperi* 
iikonts. And his method lias been prosecuted with laudable 
MnuUui<ut by ihc Academy <lel Cinicnto, the Iloyal So¬ 
ciety, (lie Royal Academy at Paris; by Mr. Boyle, and, 
ehuve all, l)y Su* I^uac Newton, with many other illuslri* 

I names. 

Indeed, the making of e.\periments, witliin the last cen- 
tur\, is so mueh practised, that nothing will pass in phi¬ 
losophy, but wiViXi is eithe r foun<le<i on experiments, or 
confirmed by them ; so that the new philosophy is almost 
uliolly espcrimcntal. 

^ et there are some, even among the learned, who speak 
ol e\pt rirnents in a dilTercnl manner, or perhaps rather of 
the abuse of (hem, an<i in derision of the pretenders to this 
pTric tico. 'Mius, though Dr. Keil allows that philosophy 
has received considerable advantages from those who make 
eNperlmenis; yet he c<>m])lains of their disingenuity, in 
too often resting and distorting their experiments and 
observations, to favour sr»mc darling theories they had 
CNpousocl. Nay more, M. Ilnrtsocker, in his Recueil do 
plu^ieurs Piece's do Physirjue, undertakes to show, that 
sucli as employ themselves in the making of experiments, 
are not picipn ly pliilosopliers, but as it were the labourers 
or opeiutois of [)lu]<jsophers, that work under them, and 
for them, furnishing them with materials to build their 
systems and hypotheses on. Ami the learned M. Dacier, 
in the beginning of bis discourse on Pluto, at the hea<l of 
)us trunshition of the works of llial philosopher, deals still 
more severely with (he makers of experiments, lie breaks 
out witfi H kind of indignali<m at a tribe of i<ny curious 
people, whose sole employment consists in making expe¬ 
riments <in the gravity of the air, (he equilibrium of fluids, 
the loadstone, ^c, and yet arrogate to themselves the noble 
tick* of philosophers. 

EXPLOSION, a sudden and violent expansion of an 
elastic llnid, by wliicb it instantly throws off any obstacle 
that hajipens to be in the way, sometimes with astonishing 
force and nipi<lity,as the explosion of fired gunpowder, 

Explosion differs from expansion, in this, that the latter 
is u gradual and Continued power, acting uniformly for 
some certuin time; whereas the former in always sudden, 
and only of m<»mcntary or immcnsurably short duration. 
'I1ic expansions of solid substunccs do not terminate in 
violent explosions, on account of their slowness of action, 
and the small space through which the expanding sub¬ 
stance movers; though tiieir strength may be equally great 
with that of the most active aerial fluids. Thuswc find 
that though wedges of wood, when wetted, will cleave 
solid blocks of stone, they never throw them to any dis¬ 
tance, as is the case with gunpowder. On (he other 
Itand, it is seldom that (he expansion of any clastic fluir) 
bursts a solid substance without throwing the fragments of 
it to a considerable distance, with effects that are often very 
terrible. 

The greate r number of explosive substances arc either 
ocrial, or convertible into such, and raised into an clastic 
fluid. Thus gunpowder, whose crscncc seems to consist in 
common air fixed in the nitre, or at least an air of similar 
elasticity, where it is condensed into a bulk many hundred 
times less than the natural state of the attnospbere; which 
air being suddenly disengaged by the firing of the gun* 
powder, and the decomposition of its parts, it rapidly ex¬ 
pands itself again with a force proportioned to tbc Jegree 


of Its condensation when fixed in the gunpowder, and so 
esplodc's, and produces all those terrible cAccls (hat attend 
the explosion, 'fhe elastic fluid generated by fired gun- . 
pcAvdej: e.xpiinds itsi If with a vclociiy of almml 10,000 feet 
per second, and with a force nearly 2000 limes gr^^atcr 
than the pressure of the atmosphere on the same base. 

I’he electric explosions s<em to be still much more 
strong and astoni>lune; us in the cases of lightning, carth- 
quaken, nnd volcanoes; and oven in the artificial electri¬ 
city produced by the ordinary machines. The astunish* 
ing strength of electric explosion^, which is beyond all 
possible means c»f measuring it, manifests itM'lf by the many 
tremendous efffXt'^ we hear of fire-balls and lightning. 

In cases wlierc the electric matter acts like common 
fire, the force oi the explosions, though very great, is ca¬ 
pable of ir.ea*>uremcnt, by comparing the distances to 
which bodii's are thrown, with their weight 1'his is most 
evident in volcanoes, where the projections of the burning 
rocks and lava manifest the immensity of the power, nt the 
same time lliat they afford a method of measuring it: and 
these explosions are owing to the extrication of aerial va- ' 
pottrs, and their rarefaction by intense heat. 

Next in strength to the netia) vapours, arc those of 
atpieous nnd other liquids. Very remnrkuble effects of 
these arc observed in stoarn-en^iiu's ; and there is one case 
from which it has been inferred that aqueous steam is 
even much stronger than find gnnp<iw'der. This is when 
watt'r is thrown upon melted copper : for here the explo¬ 
sion is so strong ns almost loi?xceed iinaginati<»n; and the 
most terrible accidents have happened, even from so slight 
rt cause as one of the workmen spitting in the furnace 
whore copper was melting; arising probably from a sud¬ 
den decomposiiion of the water. Explosions happen also 
from the application of water to other melted metals, 
though in a lower degree, when the fluid is applied in small 
quantities, and even to common fire itself, as every person's 
own experience must have informed him; and this seems 
to be occasioned by the sudden rarefaction of thewater into 
steam. Examples of this kind often occur when work¬ 
men are fastening cramps of iron into stones; where there 
sometimes happens to be n little water in the hole into 
which the lead is poured ; in this case the metal wil^fly 
out in such n manner ns sometimes to burn them veiy se¬ 
verely. 'IVn ible accidents of this kind sometimes occur 
in Ibnndcries, when large quantities of melted metal is 
poured into wet or damp moulds. In these cases, the 
sudden expamion of the aqueous steam has ihrown|^ul 
the metal with great violence; and if any decomposition 
has taken place at the same lime, so as to convert the 
aqueous vapour into an aerial one, the explosion must he 
still greater. 

To this last kind of explosion must be referred that 
which takes place on pouring cold water into boiling or 
burning oil or tallow, or in pouring the latter upon the 
former; the water however being alwavs used in a small 
quantity.—Another remarkable kind of explosion is that 
produced by inHammablc and dcphlogisticated air, when 
mixed together, and set on fire; a circumstance that often 
happens in coal-mines, &c. This differs from any of the 
cases before mentioned; for here is an absolute corttensa- 
tion rather than on expansion throughout the whole of the 
operation; and could the airs be made to take fire through¬ 
out their whole substance absolutely at the same instant, 
there would be no explosion, but only a sudden produc* 
tion of heal. 
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Though c:<plobions be soniotimcs very (icsUuclivc*) (hoy 
6rc ul^o of con<i(lcniblc u^c in lifc^ as in removing 
cics tlial could scarcely be overcoine by any tnccijanical 
power whatever. The principal of thci»e arc the blow nig- 
up of rocks, the separating of stones in quarries, and other 
purposes of that kind. The destruction occasioned by 
them in timt^ of war, and the machines formed vipon the 
principle of eNplosion for the destruction of the human 
race,are well known; and if we cannot call these useful, 
they must be allowed at least to be necessary evils. 

The ctfccts of eNpUisions, when violent, arc felt at a 
considentbic distance, by reason of tlio concussions they 
give to the atmosphere. Sir Wm. Hamilton relates, that 
at the explosions of Vesuvius, in J767, the doors and win¬ 
dows of (he houses at Naples dew open if unbolted, and 
one door was burst open that hud been locked, themgh at 
the distance of (S miles: and the explosion of a powder- 
magazine, or a powder-mill, it is well known, spreads de¬ 
struction fur hiany miles round; and even kills [leoplo by 
the mere concussion of the air. A curious effect ot them 
also is, that they electrify the air, and even glass vsindows, 
at a considerable distance. 'I'his is always observable in 
firing the gnus at thej'ower of London : and some years 
ago, after an explosion of some powder mills near that 
city, many people were alarmed by a rattling and break¬ 
ing of their china-ware. In this respect, howeser, ti.c 
effects of electrical explosions arc the most rcmctrkable, 
though not in the uncommon way just mentioned; hut it 
is certain that the inrtuence of a flash of lightning is dif¬ 
fused fora great way round the place when' (he explosion 
happens, producing very perceptible changes both on the 
animal and. vegetable creation. 

EXPONENT of a Pouer, in Arithmetic and Algebra, 
dcootes the Dumber or quantity expressing (he degitr or 
elevation of the power, or which shows how often a given 
power is to be divided by its root before it be brought 
down to unity or 1. Thus, the exponent or index of a 
square number, or the 2d power, is 2; of u cube 3; and 
so on; the square being a power of the 2d degree; the 
cube, of a 3d, It is otherwise called the lndc.\. 

Exponents, as now used, arc rather of modern inven¬ 
tion* Diophantus, with the Arabian and the first Euro¬ 
pean authors, denoted the powers of quantities by sub¬ 
joining an abbreviation of the name of the power ;• though 
with some variation, and difference from one another* 
The names of the powers, and the marks for denoting 
(hem, according to Diophantus, areas follow: viz, 
Name^, 

Marks, 9 r f 9* , xv ^ fee ; 

which we now denote by 1, a, a*, &c. 

Fr Lucas Paciolijs, or Dc Burgo, for the root, squorc, 
cube, &c, uses the terms cosa, censo, cubo, relate (pri¬ 
me, sccundo, tertio, &c), or the abbreviations co. cc. cur, 
and ^ for root or radicality. 

Cardan used the Latin contractions of the names of the 
powers; and other contemporary, and even succeeding au¬ 
thors, especially the Germans, as Stifelius, Schcubclius, 
Pclitarius, Ace, used the like contractioDs, but somewhat 
varied, thus: 

55,*/5> Stfi &c. 

iff if «i iif/^f 
Bhf 9f 9if fh 

«xp. 0, I, 2, 3, 4, 5, a, tee. 

But besides that method of representation, the same au¬ 
thors also made use of the numbers as in the last line here 
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above, and it Stililiu^ who first called tlj<ni c.vpo- 
neiits. 

Btnnbolli, whose .Algebra was published in 13/9, <Ji- 
notes the or unknown quantity, by this mark and 
the powers by numrrul exponents set oNcr it, thus: £,, 

3cc. And 

Stevinus, who published liis Arithmetic in 1383, and 
his Algebra soon ufterwmaki-s use of a similar me¬ 
thod, but instead of ^ he uses a small circle 0> within 
which he places the numentl cxpoiu nt of (In power; thus 
0, 0, ©. ©, A:c: and in this way he extends his nota¬ 
tion to fractional exponents, and even to radical ones; 
thus 0, ©, ®, Arc. 

Viet a after tlM> used words again to denote the power^^. 
And Harriot denote<l the powers by a rej>eliUon <4* the 
root ; as o, o//, fiao^ for the 1st, 2d, and 3(1 powers. In¬ 
stead of which, Descartes again resli>re4l the nunuTjl ex¬ 
ponents, placing them after (he root, when the power is 
liigh, in ordei to avoid a Vm fre(|ucnt rcpi tiiitrii of the 
saint' letter; as u\ Arc, the same as is used at present. 
Als<> Albert Girard, in ll>29, u>ed the expoucnlv to roots, 
thus ; 4 /y i/. v^, A:c. 

The nolali«»n of powers and roots by the prc'seiit mode 
of exponents, ha^ introduced a »<'W and geneial arithme¬ 
tic ol e.xponrht^ nr powers; for hence powers are inuhi- 
plied by only adding their exponents, divided by sub- 
(nictingthc e.xponents, raised to other powers, or roots <»f 
them extracted, by multiplying or dividing the c.xpont lit 
by the inde.K of the power or root.— 

So a* X -= Q^, and tr x = a*; 

n’ -f- = aS and •— ; 

the power of is «®, 

and the 3d root of is 

This algorithm of powers led the way to the invention 
of logarithms, w hich aie only the indices or exponents of 
powers; and hence the addition and subtraction of loga¬ 
rithms, answer to the multiplication and division (if num¬ 
bers; while the raising of powers, and exmicling of roots, 
is cfii'Ctcd by multiplying the logarithm by the inde.x of 

the power, or dividing the logarithm by the indix of the 

root. 

Extonento/* a Tlaiio, is, by some, understood to be 
the quotient arising from (ho division of (he antecedent of 
the ratio by the consequent: in wbich sense, tiie exponent 
of the ratio of 3 to 2 is and that of the raiui of 2 to 3 
is y* But others, and those among the best mathemati¬ 
cians, understand logurilhms as tlic exponents of ratios; 
in w'hich sense they coincide with the idea of measures of 
ratios, ns delivered by Kepler, Mercator, Halley,Cotes, 

EXFONENTLAL Ca/culus, the method of diflerencing, 
or finding the (Itixions of cxpcawntinl quantities, and of 
summing up those ditfercnces, r>r finding their fluents* Sec 
Calculus, Fluxions, and Fluents. 

Exponential Curre, is .that whose nature is defir.ed 
or expressed by an cxponentiul c<|ualJon; as the curve de¬ 
noted by a* =; y, or by = y. 

Exponential Equation^ is one in wbich is contained 
an exponential quantity: as (he equation = orx* 
s ab, Exponential equations arc commonly best re- 
solvccl by means of logarithms, viz, first taking the log. of 
the given equation : thus, by taking the log. of the equa¬ 
tion a* ss 6, it is X X log* of a =: log. of b; and hciurc 
X sss log. b ~ log* o. 

Also, the log* of the equation x* is x x Jog. x = 
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log. fli; and ihcn x is easily found by trial-aiid^crror, or 
the double rule of position. 

ExroNf.NTiAL '^uandiy, is that whose power is a vari¬ 
able quantity; as the expression n'y or x'. Exponential 
quantities are of several degrees, and orders, according to 
itie number of exponents or powers, one above another, 
riius, 

a' is an exponential of the Isl order, 

0*1 is one of the 2d order, 

t 

ft* is one of the 3d order, and so on. 

See Hernoulli Oper. tom. I, pa. 182, 6cc. 

EXPRESSION, in Algebra, is any algebraical quan¬ 
tity, sin)|)le orcorn[)ound : as the expression, 3ft, or 2ai, 
or ± c’). Sometimes also calle<l a function. 

EXI'ENSlON, one of the common and essential pro¬ 
perties of body ; or that by which it possessis or takes up 
some part of universal space, called the place of that 
bo<ly. 1 he e.xtension of a b4>dy, is properly Speaking in 
every direction whatever; but it is usual to consider it us 
extended only in length, breadth, und thickness. 

EX i'EUlOH Pofyi^o/if or Talus^ is the outer or circum¬ 
scribing one. See P 01 .Y 00 N, and Talus, 

EXTEllMI N.'VriON, or Extkrminatinc, in Alge¬ 
bra, is to take away Certain unknown quantities from de¬ 
pending equations, so as finally to have only otH* equutioit 
containing one unknown quantity; whence its valu<* may 
be determined, and by means of this, und the equations 
obtained in tlie extermination, ull the other quantities be¬ 
come known. * 

The rules for performing this arc various, and after all, 
much must be left to the ingenuity of the algebraist, as the 
application und combination of those particular rules, de¬ 
pend, in u great measure, on the forms and nature of the 
equations, out of which the unknown quantities are to be 
exterminatc<i. The following however may be considered 
as forming principles of the operation. 

1. Find the value of one of the unknown letters, in 
terms of the other quantities, in each of the given equa¬ 
tions. Next put two of these values equal to each other; 
then one of these and a third, fourth, &c; by which 
means one unknown quantity will be c.xtcrminntcd; and 
in the same way others may be taken away, till there re¬ 
main only one equation atid one unknown quantity, the 
value of which may then be found by the common rules, 

2. Find the value of one of the unknown letters in one 
of the equations; then substitute this value of it in each 
of the other equations into which that letter enters, by 
which means it will be exterminated; and in the same 
manner wc may lake awny all but one as before. 

3. Multiply or divide the given equations by such 
numbers, tlmt the coefficients of one of the unknown 
quantities in each of the equations may bo equal to each 
other. 'Flicn by ad<lingor subtracting (hem as the case 
requires, that unknown quantity will be taken nway. 

The following equations Nvill serve to illustrate all these 
rules. 

Given ax -h /y n, and cx h- rfy = tn. 


By the first method, x a 

hf m — dy 

therefore 
whicli is 


n — 


; and x s 


m... tftf 


a € 

nn equation 

quantity. 

Second method. 1 lore 


, or {ad ^ be) y s <(m — cn, 
only one unknown 


containing 


X = !!—^; and substituting this value of r in the second 
equation, we have 

^ -»• dy = which gives 

(ad — tc) y = fl/Ti — c/i, as before. 

Third method. By multiplying the first equation by c. 
and the second by ft, wc obtain 
ftcx -t- bey BC7?, 

and ftcx ady =nm\ then by subtraction wc have 
(ad — ic)y * am — m, still ilic same result as be¬ 
fore. Sec Mutton's Course, Simple Equat. prob. 1, pa. 
227, &CC. 

Many ingenious specimens of the different methods of 
extermination arc given in Newton’s Universal Arithme¬ 
tic, and Maclaurin's Algebra. Sec also an excellent piece 
on this subject under the article Elimination in the En¬ 
cyclopedia Melhodiquc. 

EXTERNAL /Inglee, are the angles formed without a 
figure, hy producing its side's out. In a triangle, atiy cx- 
ternul angle is equal to the sum of both the (wo internal 
opposite angles taken together: and, in any right-lined 
figure, the sum of ull the external angles, is equal to 4 
right angles, except in the case where one of them tends 
inwards. In which ca»c, that angle must be taken from 
the sum of the others to leave four right angles. See Hut¬ 
ton's Gconi. Thcor. l6 and 20. 

EX'rRA-Coft3re//aiy Stars, such as arc not properly in¬ 
cluded in any constellation. 

VLXTliA-Mundane Space, is the infinite, empty, void 
space, w hich is by some supposed to be extended beyond 
the bounds of the universe, and consequently in which 
there is really nothing existing. 

EXTRACTION of Roots, is finding the roots of given 
numbers, quantities, or equations. The roots of quanti¬ 
ties arc denominated from their powers; as the square or 
2d root, the cubic or 3d root, the biquadratic or 4th root, 
the 5tb rout, &c; which arc the roots of the 2d, 3d, 4th, 
5tli, tiC powers. The extraction of roots has always made 
a part of arithmetical calculation, at leust as far back as 
the composition of powers bos been known: for the com¬ 
position of powers always led to their resolution, or ex¬ 
traction of roots, which is performed by the rules exactly 
reverse of the former. Thus, if any root be considered as 
consisting of two parts n-i-x, of which the former a is 
known, and the latter x unknown, then the square of this 
root is -t- 2ax -f- x', which is its composition, und this 
indicated the resolution, or method of discovering the un¬ 
known partx; for having subtracted the nearest square 
from the given quantity, there remains 2ftx x* or 
(2ft -t- x) X x; therefore divide this remainder by 2ft, the, 
double of the first member of the root, and llic quotient 
will be nearly equal to x the other member; then ^to 2a 
adi! this quotient X, and multiply the sum 2a-i-x byx, 
and (he product will make uptlic remaining part 2ftx -h 
of the given power. 

The composition of the cubic or 3d power next pro- 
seiiU'd itself, which consists of ihejc four terms 0 ^ 3a^x 
. H- 3ftx^ by means of which the cube roots of num¬ 

bers liHve been extracted; viz, by subtracting the nearest 
cube from the given power, and dividing the remainder 
by 3o^ which gives x nearly for the quotient; then com¬ 
pleting the divisor up to Sft* -4- 3ftx -i- x*, multiply it by 
X fur the other part of the power to Ic subtracted* And 
this was the extent of the extraction of roots In the lime 
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of Lucas deBurgo, wlio, from 1470 to 1500, wrote several 
pieces on arithmetic and algebra, which were the lirst 
worJts of this kind printed in Europe. 

It was not long however before the nature ainl compo¬ 
sition of all tlic higher poxvers became known, and general 
tables of coeflficieius formed fui raising them ; the first of 
which is contained in Stifelius's Arithmetic, printed at 
Norimberg in 1543, where he fully explains their use in 
extracting the roots »>! all powers whatever, by methods 
similar to those for the square and cuhe roots, as above 
described j and thus completed the extraction of numeri¬ 
cal roots, at least so fur as that method of resolution ex¬ 
tends. Since that time, however, many new modes of 
extraction have been devised, and the old method con¬ 
siderably improved. 

The cxliaction of roots of equations followed closely 
that of known numbers. In De Burgo^s time they ex¬ 
tracted the roots of quiulratic equations, the same way as 
at present. IVrreiis, TartaUa, and C’anlan extractetl the 
roots of cubic eciuations, by general rules, ^oon after¬ 
wards the roots of higher ccjuations were extracted, at 
least in nutnbers, by Ipproximaiion, And the late im¬ 
provements in analytics l»ave furnished general rules for 
extracting the roots, in infinite serii-s, of all equations 
whatever. All which methods may be stx'ii in most 
hooks of arithmetic and algebra; therefore it may be 
sufficient to give here a short specimen of some of the ea¬ 
siest rules for extracting the roots of quantities and equa¬ 
tions. 


It may also not be amiss to add for the information ol 
beginners, that when there are an odd number of decimals 
ill the numb;r whose- root is to be extracted, they should 
be made csen, by annexing a cipher, before the operation 
is begun. See the following (xaniules. 


. . . root 
99856 (316 
9 


61, 

98 

i| 

6i 

626 

3730 

6 

3750 


. . root 
347160{5-892 
25 


10$ 

$ 

971 

864 

1169 

9 

10760 

10321 

117S2 

2 

23900 

23564 


336 


2 ( 1-41421356 
I 


24 

4 

iOU 

96 

2S1 

1 

400 

281 

CO 

1 iiyoo 

11290 

28282 

2 

60400 

56564 


28284) 3836 (1350 

.... 2828 

10U8 

848 

160 

141 

19 

_17 

2 


To extract the square root of a number by continued 
fractions, see Covtinued Fractions. 


1. To Extract ihe Square Hoot, 

Separate the given numbers into periods of two figures 
each, by setting a point over the place of units, another 
over the place of hundreds; and so on, over every second 
figure, both to the left hand in integers, and to the right 
hand in decimals. 

Find the grcati-st square in the first period on the left 
hand, and,set its root on the right hand of the given num¬ 
ber, after the manner of a quotient figure in division. 

Subtract the square, thus found, from the said period, 
and to the remainder annex the two figures of the next 
following period for a dividend. Double the root above 
found for a divisor, and find bow often it is contained in 
the said divideud, exclusive of its right-hand figure, and 
set that quotient figure both in the quotient and in the 
divisor. 

Multiply the whole augmented divisor by the last quo¬ 
tient figure, and subtract the product from the said di\i- 
dend; bringing down toil the next period of the given 
number for u new dividend. 

Repeat the same process over again; namely, find ano¬ 
ther new divisor, by dqubling all the figures now found in 
the root; from which, and the last dividend, find the next 
figure of the root as before, and so on through all the 
periods to the last. 

But the best way of doubling the root, to form the new 
divisor, is by adding the last figure always to the last 
divisor; as appears from the following examples. 

\yhcn the root is to be carried into decimal;, couplets 
tif ciphers arc to be added, instead of figures, as far as may 
be necessary. In which case also a considerable abbrevi¬ 
ation is made, after the work has been carried on to half 
Ae number of figures, or one more than half, by continuing 
•t to the other half only by the contracted method of di¬ 
vision; as in the following example for the square root of 
2 to eight decimals, or nine places of figures. 


II. To Extract the Cube Root. 

Divide the given number into periods of three figures 
each,, by setting a point over the place of units, another 
over the place of thousands, oiid so on, over every third 
figure, to the left hand in integers, ami to the right in de¬ 
cimals. Find the nearest less cube to the first period; and 
set its root in the quotient, suhtracling the said cube from 
the first period ; and to the xenmindcr bring down the se¬ 
cond period, which forms the rcsolvrnd. 

To ihrecjimes the square of the root, thus found, add 
three times the root itself, setting this one place more to 
the right than the former, and call this sum the divisor. 
Then divide the rcsolvcnd, wanting the last figure, by the 
divisor, for the next figure of the root, which annex to the 
former; and let this last figure be culled e, and the part 
of the root before found e. 

Add alloeethcr these three products, namely, three 
times a s«|uurc multiplied by e, thrice a multiplied by e 
square, and e cube, setting each of them one place more 
to the right than the former, and call this sum the subtra¬ 
hend; which should not exceed the n-soKend ; therefore 
if it do, make the last figure c less, and n-penl the opomtioii 
for finding the subtrahend, till one be found less thun the 
rcsolvend. 

From the rcsolvend take the subtrahend, and to the re¬ 
mainder join the next period of the given tiumher for a new 
rcsolvend; to which lorm a new divisor fnuii the whole root 
now found, and from thence another figure of the root as 
above directed, and so on, till all the 6guix>s are used., 
After which the opcrulion may be continued to any length 
by bringing always new periods of three ciphers each. 

Suppose for example it were required to extract the 
cube root of 48228*^44. 


A 
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ihti roots of numbers in arithmetic, ai above taught. Thus, 
y ^ 27 4822S'j4+ ( 36-4 root to extract the square root of 4a* 12ax -h 9x*. 

3x3= OJ) 27 4o* 12rtx -I- 9x*( 241 -*■ Sx the root 

Divisor 27.9 2122» rcsolveml 4a*_ 


3 X 3* X 6 = 162 

4a -t- dr 

1 2ax -4- 9x* 

3 X 3 X 6 -= 324 

3x 

12 ax - 1 - 9 x* 


6*= 2i6 


3 X 3b''= 3S»8 19656 subtrahend 

3 X 36 = 1572544 rcsolvcnd 

38988 • 

3^'36^x 4 = 15552 1 

3 X 36 X 4‘= 1728 > add 

-v’=_ 

1572544 subtrahend 
0000000 remainder 

III. To Extract the Cube Root, or any other Root Khatever. 

This is easiest done by one general rule, that I have 
invented, and published in my new Tracts, vol. 1, pa. 210, 
which is to this eflect; Let n be any number or power, 
whose nth root is to be extracted; and let r be the nearest 


So also the root is carried out in an infinite scries, ia 
imitation of the like extraction of numben in infinite de¬ 
cimals : thus, the square root of o* 1* is 


n* -I- X* ( a -f- 







ratiunal root of n, of the same kind, or r'' the nearest ra¬ 
tional power to N, citlicr greater or less than it; then shall 
the true root be very nearly equal to 

(n -H I)n {« - I)r" . 

, ■ ■ -;-TT-r X r; which rule is general for 

(n — 1 )n -+- (M -^ 1 )r'' ' ^ 

any root whose index is denoted by n. And by expound¬ 
ing n successively by nil the numbers 2, 3, 4, 5, &:c, this 
ilicorcm will give the following particular rules for the 


To extract the cube root of o* — x* by the general rule 
in the 2(1 article.—I lore r = a* — x’, r = 0, or R* = o’; 
N 2r* = 3a* — x3, and 2n -*- u* = 3a^ — 2xS ; there¬ 


fore, by the rule, 

Srt* — x’ : 3a* — 2 x* 


which is the cube root of a’ — x* very nearly. 

a. .. 


a/i» ^ ' 


T)ii* 


Ku tliA Da. 


several roots, vi:^, the 

3n -+- R* 

2d or squ. root, ^ i * n; 


3cl or cube root) 

4x -4- 2u* 

V If AP 

2N -4- R* 

2 x -(- 4 r3 
5n - 4 - 3r' 

A Iv^ Vi 

N -4- 2R* 

4(h root 

3n -4- 5k* 
6 s - 1 - 4r’ 

^ u; 

W V\ 

3k -4- 2r* 

5tU root • 

6 U 1 root ^ 

In -4- 6 r’ 
7n -I- 511* 

X or 

2k -4- 3r* 

5n - 4 - 7 H* 

8N -t-.6R’ 

X R ; 

4n -t- 3 r’ 

7tn root 

On -k 8 r^ 
&:c. 

X RyOr 

3n 4r* 


Or the theorem may be stated in the form of a propor¬ 
tion, thus: 

ns (a — 1) N -♦- (» -*- 1) n"; (rt -I- 1) N -4- (tt — 1) R" : 1 R ! 
the root sought very nearly. 

Suppose for example it was required to find the cube 
root of the number 2. Here n = 2, n = 3, and the nearest 
power, and root arc each 1. 

llencc 2 n R* = 4 -I- 1 = 5, 
and N -•- 2 r* = 2 2 = 4 ; 

then 4:5:: I : ^ s 1*25 the first nppro.vimation. 

Again, inking a and consetp u* =: : 

Hence 2 n -h r* = 4 

and N 2 r* = 2 = y,* ; 

then 378 : 381 : i • tH= 1'259921, for the cube 
root of 2. which is »xact in the very last figure. 

And again by taking 
'many mure figures may be found. 

IV. T<j Extract the Roott of Algebraic 2Hnnriti«.—This 
is done by the same rules, and in the same manner as for 


nomial Theorem; which sec. 

V. To Extract the Roots qf £ 7 «orioM.—This is the 
same thing as to find the value of the unknown quantity 
in an equation; which is effected by various means, de¬ 
pending on the form of the equation, and the dimension 
of the highest power of the unknown quantity in it: for 
which, sec the respective terms, Equation, RrfoT, Qua¬ 
dratic, Cubic, &c. 

The most general, as well as the most easy, method of cx- 
Iracling the rooU of all the higher equations, is by double 
position, or irial-and-crrnr; as itcasily applies to all kinds of 
equations, however complex they may be, even logaritbime 
and exponential ones. There are also several other good 
methods of approximating to the roots of equations, given 
by Newton, Halley, Raphson, Dc Moivre, Lagrange, &c; 
of which the most general is a rule for extracting the root 
of the following indefinite equation, 

viz, ox -I- 5z* -r- -4- dx* «’ &c 

= py -4- Ay* -t- ly -4- -I- (ji* &c, 

given by M. De Moivre in the Philos. Trans, vol. 20, pa. 
190, or roy Abr. vol. 4, pa. 275. 

llXTRADOS, the outside of an arch, oV vault, «c. 
EXTREME-ancf-^lfean Vroportion, is when a line, or 
any quantity is so divided, as that the whole lino is to the 
"reatcr part, as that greater part is to the less. Hence, 
in any line so divided, the rectangle of the whole .Imo and 
the less segment, is equal to the square of the greater 
segment. Euclid shows how to divide a line in exiem^ 
and-mcan ratio, in his Elements, book 2, prop. 11, to Ihu 
effect: Let ab be the given line; to ybich draw ae per¬ 
pendicular and equal to halfAB; in ea produced take 
EE = i:b, so shall af be equal to the greater part; 
quently, if ao be taken equal to af, the line ab will be 
divided-ill o as required. 


E X T 


EYE 




The same miiy be done olherwisc thus : 

As belorf, make AE (fig* 2) perpendicular and = ^ab; 
join KB, on winch take tc = ea, and then take bd = bc, 
so shall the line be divided in n as required.' 

No number can be divided into exireine and mean pro¬ 
portion, si> tliut its two parts shall bc ratiojial; as is well 
demonstrated by Clavius, in his Commentary on the <)th 
book of Euclid’s Elements; and the same thing will also 
appear from the following algebraical solution of the same 
problem : Let a denote the whole line, and x the greater 
part; then shall a —r bc the less part, and the rectangle 
of the whole ai)d less part being put equal to the square 
of the greater part, gives this equation, x®= a (a —x) =so* 
—hcnco X* ax ^ «' and by completing the square, 
ana extracting thc^root, &c, there is at last obtained for 

, v'i —> 3—Vi 

the greater part X^—-—a; conseq. a —x^—Ij —a is 

the less part. And as the square root of 5, which cannot 
bc exactly extracted, makes a portion of both these pacts, 
it is manifest that neither of them can be obtained in ra¬ 
tional numbers. 

Euclid niake-s great use of this problem, in several parts 
of the 13th book of the Elements ; and by means of it he 
constructs the lOth proposition of the4lh book, which is 
to construct an isosceles triangle having each angle at the 
base double the angle at the vertex. 

EXTUEMES Coiyuncl, and Extremes Disjunct, in 
Spherical Trigonometry, are in the former case the two 
circular pans that lie ne.xt the assumed middle part, and 
in the latter fa*e they are the two (hat lie remote from the 
middle part. These were terms employed by lord Na¬ 
pier, in his universal theorem for resolving all rieht-angled 
and quadrantal spherical triangles, und published in his 
Logarithmorum Canonis Dcscriplio, an. l6l4. In this 
ihcorci^ Napier condenses into one rule, in two parts, the 
rules for all the cases of right-angled spherical triangles, 
which had been separately demonstrated by Pitiscus, 

' Lansbergiiis, Conemicus, Regiomontanus, and others. In 
this theorem, neglecting the right angle, the author calls 
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the other five purls, circular parts, which arc« Ibe two lar fibres called the Ikaincntum ciliure, asut o and u; by 
legs about iHc right angle, and the complements of the which means it is mo^d a little nearer to, or farther from, 
other thren*, viz of the hypotbcnusc, and the two o^liqutN the bottom of the eye,' to alter the focul distance. 


the complement of DC the extremes conjunct. But if the 
three bidca bc taken ; nc equally &c[>arulcd from ihe two 
legs AB and ac, by the two angles b nnd c; and there¬ 
fore these two legs Ab and ac are the ex(remn> disjunct, 
and the contplement of bc the middle part — I he author^s 
rule tor resolving each of iliL->e ca»es is in two parts, as 
below: 

The rectangle contained by radius an<l the sine of the 
middle pari, is equal to ihe rectangle ol the tangents of 
the extremes conjunct, or equal to ihr rectangle of the 
sines of the extremes disjunct. Which rule cuihpreliends 
all tlie cases that can hup(^K*n in riglii-angled sidiencal (ri- 
iiiigli's; in che application of which rule, the equal rect¬ 
angles arc divided into a proportion or analogy, so that 
the term sought may be the last of the four terms liiatarc 
concerned,and consequently its corresponding term in the 
same rectangle must be the tir^t of those terms. 

£Yli, the organ of sight, con>isting of several parts, ami 
of such forms as best to answer the purpuse fur which it 
was designed.' Vision or siglit being efteclcd by a refrac¬ 
tion ol light through the humours of the eye to the bot¬ 
tom or farther internal part of it, wheic the images of ex¬ 
ternal objects are formed on a line expansion <il the optic 
nerve, called the retina, therefore the fore part of the 
eye must be of a convex figure, and of such u precise de¬ 
gree of convcxityi as the particular refractive power of the 
several humours require, fur forming the image of an ob¬ 
ject at a given focal distance, viz, tlic diameter of (he eyc« 
Hence we lind, 

JSt; The external partofihc eyc-ball CD (Plate 2, fig. 8) 
is a strong pellucid substance, properly convex, and 
which, when dried, bus some resemblance to a piece of 
transjiarcnt horn, for which reason it is called the cornea, 
or horny coat of the eye. 

2dly ; Immediately bcliiiid this coat there is a fine clear 
humour which, from its similarity to water, is called the 
aqueous or watery humour, and is contained in the space 
between cu und gfe. 

ddly ; In this space (here is u membrane or diaphragm, 
called (he uvea, with a hole in the middle ns at F, called 
the pupil, of a muscular contexture for altering the di¬ 
mensions of (hat bole, in order to adjust or admit a due 
quantity of light. 

4thly; Immediately behind this diaphragm is placed a 
Icnticular-formed substance ob> of a considerable consist¬ 
ence, called from its transparency the crystalline humour. 
This is contained in a fine tunic called (he choroidcs, und 
is suspended in (he middle of the eye by a ring of muscu¬ 
lar fibres called the ligaincntum ciliare, as at G and b; by 
which means it is mo^d a little nearer to. or farther from. 


angles. Tlicn, taking any three of these five parts, one of 
ibero will be in the middle between tbc other two> and 
these two are the extremes conjunct when they are imme¬ 
diately adjacent to that middle part, or (bey are the ex¬ 
tremes disjunct when they arc each separated from the 
middle one by another part. Thus, tbc five parts being 
AB, AC, and ilic complements of bc and qa 

of the two angles D and c: then if 
the throe parts ab» and the comple- / | 

ments of (he aiigte b and hypothenuso 1 

BC bc taken these three are contiguous / 

to each other, the angle .b lying in the 
middle between the other two: there- B* “ 
fore tbc complement of b ii the middle pait^ and ab with 
Voi#. 1* 


fithly ; All the remaining interior part of the eye, con¬ 
stituting (he great body of it, from giie to luk, is made 
up of a large quantity of a jelly-like substance, called the 
vitreous or glassy humour; though it resembles glass in 
nothing except its transparency; it being mom like the 
white of an egg than any other thing. 

fithly; On one side of tbc backward part of the eye, as 
at K, the optic nerve enters it from the brain, and is ex¬ 
panded over all the interior part of the eye to g and £, 
the expansion being nomed the retina* On this delicate 
membrane, tbc image isi of every external object on, is 
ibrrned according to the optic laws of nature, in the fol¬ 
lowing manner. 

Let OB be any very distant object. Now a uencil of 

3T 


EYE 


E V E 


C 3 


rays procccdins; from any’ point L, will fall on the cornea 
cn. am! be refracted by llic aqueous liiimour under it, to 
a point in tlic axis of tluu pencil continued out. Also the 
radius of convexity of ibe cornea being nearly 4 of an 
nicli j am! the sine of incidence in air to that ot refraction 
in tiie aqueous luiniour, being nearly as 4 to 3, supposing 
the rays parallel, or tin- object very far distant, the focal 
dibUince alter the. first refraction, by the proper theorem 


fnr 


(SeeOrTics) w ill be found Ii inch from the cornea: 

r bciiic riulius to n a? + to 3, that* is as ibc 

sine of tlie angle ut incidencci to lluit of rctraclioo. 

The rays tlius ictVacled by the cornea, fall converging 
on llie crystHlliiu* humour* and lend to a point I 228 
inch behind it; also the radii of cunvoxily in the said 
humour are 4* t respectively; and the sine of inci* 
d( ncc to that of rofraciion of the aqueous into the crystal¬ 
line humour, having been found by experiments to be as 

13 to 12; tberefure, by this theorem 

distance after refraction in tlie crystalline, will be 1'02 
inch from the fore part ot it: where w = 1$, a = 12, 

V = and d = r228. 

'l iie rays now pass from the crystalline to the vitreous 
humour still in a converging state, and the sines of inci¬ 
dence and refraction being here as 12 to 13, as found by 
experiment; and since the surface of theyitieous humour 
is concave which receives the rays, and is the same with 
the convexity of the hinder surface of the crystalline, the 
radius will be the same, viz 4 inch. Iherclorc the 

focal distance after this ihini refraction will be found, by 

the same theorem—7-;-> h® ® tenths of an inch 

nearly, from the hiuder part of the cornea: where mss 12, 
nss 13, r=s4, and d = -82: the thickness of the lens of 
the cornea being nearly | of an inch. 

Now cxpiricnce shows that the distance of the rclina 
ill the buck part of the eye, behind the cornea, is nearly 
ct|Uiil to that focal distance; and therefore it follows that 
all objects at a great distance have their images formed on 
the retina in the bottom or hinder part of the eye, and 
thus is distinct vision produced by this wonderful organ. 
^VlK‘n the distance of objects is not very great, the focal 
the hist infraction in the vitreous humour. 


point M in the imago is made; therefore the sensation of 
the place of that part will be conceived in tbc mind to be 
at o; m like manner the idea of place belonging to the 
point 1 , will be referred in the axis ib, to the proper focus 
D ; therefore tbc apparent place of the whole image tu, 
will be conceived in iho mind to occupy all the space be¬ 
tween o and D, and at tlic distance al from the eye. 

Hence likewise appears tbc reason, why we sec an ob¬ 
ject upright by means of an inverted image; for since the 
apparent place of every point m will bo in the axis mo at 
o ; and this axis crossing the axis of the eye iiL in the 
pupil, it follows, that the sensible place o of that point 
will lie, without the eye, on the contrary side of its axis, (o 
that of the point in the eye; and since this is true of all 
other parUf or points in the image, it is evident that the 
position of every part of the object will be on the contrary 
side of the axis to every corresponding part in the image, 
and therefore the whole object OB will have a contrary po¬ 
sition to that of the image IM, or will appear upright. 

If the convexity of the cornea cd happens not exactly 
to correspond to the diameter of the eye, considered as 
the natural focal distance, then the image will not be 
formed on the retina, and consequently no distinct vilion 
cun be effected in such an eye. # 

If the cornea be too convex, the focal distance in the 
eye will be less than its diameter, and the image will be 
formed short of the retina. lienee the reason why people 
having eyes thus formed are obliged to hold things very 
near them, to lengthen the focal distances; and also why 
they use concave glasses to counteractor remedy the ex¬ 
cess of convexity, in order lo vfew distant objects distinctly. 

When the eye has less than a just degree of convexity, 
or is too flat, os is generally the ease with old people, by a 
natural deficiency of the aqueous humour, then the rays 
tend to a point or focus beyond the retina or bottom of the 
eye; and to supply this want of convexity in the cornea, 
we use convex lenses in those frames called spectaclt*$i or 
visual glasses. 

Since the rays of light oa, da, which constitute the 
visual angle oad, will, when they arc intercepted by a lens, 
be refracted sooner to the axis; the said angle will thereby 
be enlarged, and the object of course become magnified; 
which is the reason why those lenses arc called magnifiers, 
or reading-glasses. % 

The dimensions, or magnitude, of an object oB, arc 


dibiluncc, after the btsl 

will bo a little increased; and to do this wo can move the i i * l 

cryltulliilc a lillla nearer the coriua by means of the liga- ju-lgcd of by the °7ame“^b ectic nlS 

......Mn,. rilinr... flnd .liiis on all occasioos it inav be ad- tends at the rye. For »f the same objoct^c placed at two 


invntnni ciliare, and thus on all occasions it may 
justed for a due focal distance for every distance of ob¬ 
jects, excepting that which is less 6 or 7 inches, in — ---- r-' ,. ... ^ „• on.1 

mrsons whf.sc sight is perfect. But many arc of opinion, ^ngmtudes; and the 

fhat this is offecTed by a power in the iye to niter the %rcat4b, xv.ll be at N and at t, ns the ^ 
convexity^f the crystalline humour as occasion requires; -<,1^ r* * t.. -But the surfaces of the obicets will be as the 

though thi'. is rather doubtful. 

By what has been said it appears, that rays of light 

llowini! from every part of an object OB, placed at a proper .. -j , _ - - 

distance from the eye, will have an image iM thereby object, will not be dwlmctly sren by the eye, till they are 

formed on the retina^in the bottom of the eye; and since near enough to subtend an angle oai. ofoneminutu Ar^ 

the rays om, bi, which come from the extreme parts of .hence when objects, however large 

w % .« .1 ^ ^ t __*1 ■ an d ia on 0114 nt tui DU tea UlC V 


different distances h and n, the angles oaB, OAt,^ich in 
these two places it subtends at the eye, will be of oiffcrcDt 


anglc'oAB. But the surfaces of the objects 
squares of those angles, and the solidities as the cubes of 
them. 

It is found by experience, that two points o, l, m any 


the object, cross each other in the middle of the pupil, 
the position of the image iM will bccoiururfto that of the 
object, or inverted, as in the ease of a lens. ' 

Tlic apparent place of any part of on object is in the 
axis, and conjugate focus of that pencil of rays by which 
that pari or point is formed in the image. Thus, om is 
the axis, und o the focus proper to the rays by which the 


mote as not to be seen under an angle df one minute, they 
cannot properly be said to have any apparent dlracMions 
or magnitude at all: such is the case of the large bodies of 
the planets, comets, and fixed stars. But the science of 
optics has supplied means of enlarging this natural small 
angle under which moat distant objects appear, and 
thereby increasing their apporent magnitudes to a very 
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surprising degree, in (be instance of (hat noble instrument 
the tefcscopc. 

On the other hand,^(hcre are in creation an inSnity of 
objects, of such small dimensions, that (hey xvill not sub« 
tend the requisite angle, if brought to the nearest limits of 
distinct vision, viz, 6,7, or 8 inches from the eye, as found 
by experience ; and therefore to render them visible at a 
very near distance, wc have a variety of glassed, and in¬ 
struments of different constructions, as microscopes, &c, 
by which those minute objects appear many thousand 
limes larger than to the naked eye; and thereby enrich 
the mind with discoveries of (be sublimcst nature, in regard 
to creative power, wisdom, and economy, ^ce Vision. 

EYE-glas^, in Optical Instruments, is that which is 
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applied to the eye in Using the instrument. This is usually 
a lens convex oii both sides; but Eustachia Dixini lorn^ 
since invented a microscope of this kind, the power of 
which he |)Uces very greatly above that of the common 
sort; and this chiefly <jcpcnding on the eye-glass, winch 
was double, consisting oi two plano-convex classes, so 
posited as to touch pne another in the middle of Uieir con¬ 
vex surface, lliis instrument is much conrtnended by 
Fabri in his Optics, as possi-ssing this peculiar excellence, 
that it shows all the objects flat, and nut crooked, ami 
takes in a large area, though it magniacs ver^ much. 

Bull*$ E\ K, u star of the first maginiude, in the eye 
of the constellulion Taurus, the lull, ami hy the Arab^ 
called Aldebaran. 
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T^ACE, or FApAOB, in Architecture, is sometimes used 
for the front or outward part of a building, which im« 
mediately presents itself to the eye; or the side where the 
chief entrance is, or next the street, &c. 

Face, Facia, or Fascia, also denotes a flat member, 
having a considerable breadth, and but a small projec* 
turc. Sucli are the bands of an architrave, larmier, icc* 

Faces of a Ba^iionj in Fortification, are the two fore* 
most sides, reaching from the flunks to (he outermost point 
of the bastion, where they meet, and form the saliant an¬ 
gle of the bastion. These are usually the first parts thnt 
are undermined, or beaten down; because they reach 
the farthest out, arc (he least flanked, and arc therefore 
the weakest. 

Face qf a Place ^ is the extent between the outermost 
points of two adjacent bastions; containing (be curtain, 
the two flanks, and the two faces of those bastions (but 
look towards each other. . This is otherwise called the 
Tenaille of the place. 

Face Prolonged, is that part of a line of defence rasant, 
which is between the angle of the epaule or shoulder of a 
bastion and tfce* curti)||s: or the line of a defence rasant 
diminished by (he face of the bastion. 

FACIA, in Architecture, See Face, and Fascia. 

FACTORS, tn Multiplicatioo, a name given to the two 
numbers that are multiplied together, viz, the multiplU 
cand and multiplier; so called, because they arc to flt* 
cere productuiD, make or constitute the factum or pro- 
duct. ^ ^ 

In algebra, we generally call all those quantities lac* 
tors, the product of which constitute any algebraical ex¬ 
pression : thus, {a -h 6) and {a — b) are the factors of the 
expression a* ^ also a, b, c, </, are the factors of the 
quantity abed. • But in arithmetic these arc commonly 
called divisors. See Divisors. 

In the DiophaiUne analysis, and in the theory of num¬ 
bers, it is frequeody very advantageous to be able to 
solve certain algebraical ^rmuloe into their respective 
factors, as also in the investigation of the nature of equa¬ 
tions, and in short almost every branch of algebra may 
sometimes derive peculiar advantages from sucli resolu* 
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tion. Suppose, for example, wc had to multiply 

-I- resolving (his into its 

factoR it becomes - 0 • (^ - ^) _ CjtH, 

(^ — Sj . (X — . (J + . r r 

by canceling the common factors; which from the com¬ 
mon mode of operation would liavc been attended with 


considerable labour. 

The limits of this work will not however admit of our 
entering upon this subject to any extent; wc therefore re¬ 
fer the reader for farther infonnation on this subject to 
EuleFs Algebra, vo). 2, chapter 11; to the additions in 
the same vol. by Lagrange; to the Analysis Inflnitorum ; 
and to Lcgciicire’s Theoric ties Nombres; where most of 
the following theorems are demonstrated in a very mas* 
tcrly manner. 

a — i is a factor of a"* — for all values ofm. 


a + - - - -a^—6® when w is even. 

a ^ b • - - - when m is odd. 

a — I - - - - * a*' — a" for all values of m and n. 

- - - • .*6“ — a® when m — n is even, 

a-el - - - - when — ti is odd. 


a isanumcr. factor of** r wheno is a prime number, 
a r" —1 when a is also prime to r. 

a • — J)-h 1 when a is a prime. 

The product of two factors, each of which is the sum 
of (wo squares, is itself the sum of t\vo squares. 

That is, (a^ 6') , (c* -k rf') =s m* -h n% also 

These two last properties were first demonstrated by 
Euler, ID the Act. Petrop., where there are also many 
other ingenious papers on this subject. 

Imagikary Factors. Sec Imaginary. 

FACl'UM,thc product of two quantities multiplied to¬ 
gether. As, the factum of 3 and 4 is 12; and the factum 
of 2 g and 5b is lOab, 

FACUL.^ in Astronomy, a name given by Scbeiner, 
and others after him, to certain bright spots on the sun’s 
disc, that appear more bright and lucid than the rest of 
bis body .-^He veil us assures us that, on July 20, 1634, 
he observed a facula whose breadth was equal to a Sd part 
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of tlio sun's diameter. He says also that the macula; 
ofK ti chunce iiiin laculx; bill ilie^c* scMoin or never info 
ni icuhe. And some authors even contend that all llie 
macula* di*i»eiKTaie into lacuLc In fore tin y <^uile disap- 
pear* Many authors, after Kirclier and Scheiner, have 
rc|)r<‘scntrd the simS body hill of bnj^ht, fiery sjhMs, n liicli 
they conccnc to be a kimi of solcnnos in the laxly of the 
suti: bul Huygens, and others of the latest atid best ob¬ 
servers, finding tjjat the best l<dcscr>pcs rliscovcr tmthing 
of the marrer, they tlicrefore agree in exploding entirely 
the ))lioiioiuena of laculx* All the foundation ho could 
see lor the tiotion of facultc, he says, was, that iti the 
clnrkisli clouds wl)ich fnqiicntly surround the maculre, 
there arc sometimes seen little points or sparks brighter 
than the rest: the cause of whicli is attributed by these 
authors to the tremulous agitation of the vapours near our 
earth; the same as sometimes shows aliltli* unevenness in 
the circumference the sun’s disc when viewed through 
a tclcsco))e. Strictly therefore, the facul;» arc not eruc¬ 
tations t)f fire and Rame, hut refractions of the sun’s rays 
in the rarer exhalations, which, being condensed near that 
shade, seem to exhibit a light greater than that of the 
sun. 

FA 11 HEN H KIT (G AH HIE I. Daniel), by some writers 
said to be a native of Dantzic, and by others to be born at 
Hamburgh, in 1686. He was intended for mercantile af- 
faifN. But Ills inclination led him to the study of natural 
pbilosopliy, and he applied ]>articularly to the improve¬ 
ment of barometers and thermometers, constructing great 
numbers of them, which were much valued. Me im¬ 
proved the thermometer, by substituting mercury instead 
of spirits of wine, and formed a new scale for the instru¬ 
ment, founded on accurate experiments, fixing the freez¬ 
ing point of water at and that of boiling at 212« This 
was probably done about the year 1720 \ as, in his Dis¬ 
sertation on Thcnnomclcrs, published 1724, he speaks of 
baving»uscd it some years, to Hsccrlain M. Amonlon’s cx- 
periiDcnt, wdio asserted, that the heat of boiling water was 
constant, 'riic English have generally adopted this scale, 
though the French preferred that of Reuumuri and very 
lately their own centigrade thermometer. Fahrenheit by 
some is said to have been living in 1740, while others say 

died in 173^* 

falcated, one of the phases of the planets, vulgarly 
called horned. Astronomers say, the moon, or any planet, 
is falcated, when the enlightened part appears in the form 
of a crescent, like a sickle, or reaping-hook, which by the 
Latins is called falx. I'he moon is falcated while she 
moves from the 3d quarter to the conjunction, and so on 
from hence to the first quarter; the bright part appearing 
thco jike a crescent, viz, during the Ill's! and last quarters. 
But during the 2d and dd quarters, the light part appears 
gibbous, and tlic dark part falcated. 

FALCON or Faucon, and Falconet or Fauconet, 
certain old species of cannon, long since disused. 

FALL, the descent or natural motion of bodies towards 
the centre of the earth, &c. Galileo firbt discovered the 
taw of the acceleration of falling bodies; viz, that the 
spaces descended from rest are as the squares of the times 
of descent; or, which comes to the same thing, that if the 
whole time of falling be divided into any number of equal 
parts, whatever space it fulls through in the first part of 
the time, it will fall 3 times as far in the 2d part of time, 
and 5 times as far in the dd portion time, and so on, 


according to tlic uneven numbers 1, 3, 5, 7, 8cc. See 
AccEi EUATioN, Dfscent, Gkavity, &c. 

FALSE Bhaye, in Fnrlificaiion. See Fausse-Braye. 
False l^osidojiy in Aruhmciic. See Fositiok. 

False a name given by Cardan to the negative 

roots of equations, and numbers. So the root of may 
be cither 3 or — 3, ihe^former he calls the true, and the 
hitterthe faUe or fictitious root; also of this equation 
X' — X = 6*, the iwu roots are 3 ami — 2, the former true, 
an<l the latter false. 

FASCIA, in Architecture. Sec Facia and Face. 
FASCLE, in Astronomy, are certain stripes or rows of 
bright parts, observed on the bodies ofsoine of the planets, 
like swathi^, bands, or bclt^; especially on the planet Ju¬ 
piter. The f:i»cii'e, or belts of Jupiter, are more lucid 
timn the rest of his disc, and are tenninaied by parallel 
lines. They arc sometimes broader and sometimes nar¬ 
rower; and do not alwa)s possess the same partofthc disc. 

M. Huygens also observed h very large kind of fascia in 
Mars, in tl)c year 1()56; but it was darker than the rest 
of the disc, and occupied its middle part. 

FASCINES, in Fortification, arc laggots made of the 
twigs and small branches of trees and brush-wood, bound 
up in bundles; these, being mixed with earth, serve to 
fill up ditches, and to make the parapets of trenches, bat¬ 
teries, &c. 

FATHOM, an English measure of the length of 6 feet 
or 2 yards. 

FATUUS Ignis. See loKis Fatuus. 

FAUCON, and Faucoset, the same as Falcon and 
Falconet; the old names of^ertain species of ordnance ; 
which, as well os many others, are now nu longer in use, 
as it has been for some time post the practice to denomi¬ 
nate the several sizes of cannon from the weight of their 
ball, instead of calling them by those fanciful and unmean¬ 
ing names. 

FAUSSE-BRATE,in Fortification, anelevation of earth, 
about three feet above the level ground; round the foot 
of the rampart on the outside, defended by a parapet 
about four or five fathoms distant from the upper parapet, 
which parts it from the berme, and the edge of the ditch* 
The fausse-braye is the same with what is otherwise called 
chemin des rondcs, and bassu enceinte ; its use being for 
the defence of the ditch. 

FEBRUARY, the 2d month of the year^ontaining 28 
days for three years, and every fourth year 29 days* 
Those years being called Bissextile, or Leap-years; and 
return every fourth year, except at the commencement of 
a new century, which arc not bissextile, unless tbe oum^r 
of the century be divisible by4; so1800 was not bissextile, 
nor will IfiOO be so, but 2000 will, becaU8q20is divisible 
by 4. (Sec Bissextile.) In the fint ages of Rome, Febru¬ 
ary was the last month of the year, and preceded JanuaW, 
till the Decemviri made an order that February should 
be the 2d month of iheycao and come after January. 

FELLOWSHIP, Company, or Partnership, is a 
rule in arithmetic, of great use, in balancing accounts 
among merchants, and partners in trade, teaching how to 
assign to every one of them his due Ante of the gain or 
loss, in proportion to the stock he has contributed, and 
the time it has been employed, or according to any other 
conditions. Or, more generally, it is a method of di¬ 
viding a given number, or quantity, into any number of 
parti, that shall have any assigned ratios to one another* 


n express me prt 
: liO : : J a ; 

h : 


E E R [ so() ] 

And hence comes this gemral rule : ilaviug added into one father use a lever, 
sum the sevoral niimhors tliat express il»e proportions of 
tbe |)ar('^, it u ill be, 

As ibeMiii) ul tl)c proportioTial iiuinbtTS : 

Is to lin- quauiJty to be divided : : 

Soisoacli proportional nuinbur : 

To the co^^o^polnliog share ot the eivon (juantity* 

ForKvrtmjjU, Supp^^cir be required todh ide the number 
120 into tlirco |)aTt$ that shall be jn proportion to each 
o^her as the numbers 1,2, 3.—Here I JO is the quantity to 
be divided, and 6 is the sum of the numbers J, 2, and 3, 
svhich express the proportions of the parts ; therefore as 

20 the Ist part, 

40 the 2d part, 

60 the 3(1 part. 

This rule is usually distinguished into two cases, one in 
which time is conconied, or in which the slocks of part¬ 
ners are continued for difTerenl times ; and the other in 
which time is not considered ; the latter being called 
Single Fellowship, and the former Double Fellowship* 

SinjiU Vellomsui?, or h' ellows in^ wuhout TimCf is 
the casein which the times of continuance of the shares 
of partners are not considered, being all the same; and in 
this case, the rule svill be as above, viz, 

As the whole stock of the partners ; 

Is to the whole gain or loss : : 

So is each onc^s particular stock : 

To his share of the gain or loss* 

ExampU. Two partners, a and B, forma joint stock, of 
which A contributed 75f, and fi 451; with which they gain 
SOf: how much of it must each person have i 

As 120 : 30 : : j ' J J(' “ A'ssharc, 

1 45 : 1 Ih 5s« =: D s share* 

Double Fellowship, or FELLowsHrpu.7/A Time, is the 
case in which the times of the stocks continuing are con* 
sidcred, because they are not all the same. In this case, 
the shares of the gain or loss must be proportional, both 
to the several shares of the slock, and to the times of their 
Continuance, and therefore proportional to the products 
of the two. Hence this rule: Multiply each particular 
share of the stock by the time of its continuance, and add 
all the products together into one sum ; then say, 

As the sum of the products : 

Is to the whole gain or loss': : 

So is each several product : 

To the corresponding share of the gain or loss. 

, For Example, a hod in company 50/. for + months, 
and B 60l. for 5 months; and their gain was 24/: how 
must it be divided between them? 

50 ()0 

4 5 
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He pur%uv<J lii»' study to a consldf-r- 


200 

300 


300 


A8500:24 :: ^2s. — a’s share, 

FEBGUSON (James), an ingenious experimental phi- 
loMpher, mechanist, and astronomer, was horn in Banff¬ 
shire, in Scotland, 1710, of very poor parents. At the 
very earliest age bis extraordinary genius bi^an to unfold 
itself. He first learned to read, by overhearing his father 
teach bis elder brother: and he had made this acquisition 
before any one suspected it. He soon discovered a pecu¬ 
liar taste, for mechanics, which first arose on seeing his 


able length, wliilv he was ^<t very young; ami iiiad< a 
watch III \M)iid-\v(irk, fiom having onto seen one. Ai he 
had at first n<> iiistrucli>r, nor any help from books, every 
thing hi' Icariu'd liad all ih" luvrii ot an original discovery ; 
and such, with iiicxpicssihlejoy, lie believed it to be. 

As soon as his aoe would pt riiiu, he went to service; in 
which he met with haiilships, tluit rendered Ijis constitu¬ 
tion Iccble through lite. \\liile lie was seivaiit to a far¬ 
mer (whose goodness he acknowledges in the modest and 
humble account of himself winch l.e prefixed to one of 
his publications), he contemplated and learned to know 
the stars, vviiilc be tended the sheep ; and began the study 
of astronomy, by huingdown, front Ins own observaiioiis 
only, a celestial globe. Mis kind master, observing ik 
him these marks ol ingenuity, procured him the counte¬ 
nance and assistance of some neighbouring gentlemen, 
through whose help and instructions he gaineil farther 
knowledge, having by these means been taught .irithmetic, 
w ith some algebra, and practical geometry. He had also 
obtained some notion of drawing, and being sent to Edin¬ 
burgh, he there began to take portraits in miniature, at a 
small price; an employment by which he supported him¬ 
self and Jamily for several years, both in Scotland and 
England, while he was pursuing more serious studies. Jn 
London he first published some curious astronomical 
tables and calculolions; and afterwards gave public 
lectures in experimcniirl philosophy, both in London and 
most of the country towns in England, with the highest 
marks of general approbation. He was elected a fellow 
of the Royal Society, and was excused the payment of the 
admission fee and the usual annual contributions, on ac¬ 
count of bis supposed inability to pay them. He enjoyed 
from the king a pension of 50 pounds a year, besides 
other occasional presents, which he privately accepted 
and received from diflcrcnl quarters, till the time of his 
death; through which, and the fruits of his own labours, 
be died worth about six thousand pounds, which astonished 
all his friends, who had always entertained an idea of bis 
great poverty. His death happened in 1776, at 66 years 
of age, though he bad the appearance of being much 
older. 

Mr. Ferguson must be allowed to have been, a very 
uncommon genius, especially in mechanical contrivances 
and executions, for he constructed many machines him¬ 
self in a very neat manner. He bad also a good taste in 
astronomy, as well as in natural and experimental pliilo* 
sophy, and was possessed of ahnppy manner of explaining 
himscifin an easy, clear, and familiar way. His general 
mathematical knowledge, however, was little or nothing 
Of algebra he understood but little more than the nota¬ 
tion ; and he has often told me that he could never de¬ 
monstrate one proposition in Euclid’s Elements ; his con¬ 
stant method being to satisfy himself, as to the truth of 
any problem, with a measurement by scale and com- 
pawps. He was a man of a very clear Judgment in any 
thing that be professed, and of unwearied application to 
study: li^nevolcnt, meek, and innucent in his manners 
u a child: bumble, ^courteous, and communicative: 
instead of pedantry, philosophy seemed to produce in him 
only diffidence and urbanity. The list of Mr. Ferguson's 
public works, is as follows: 

1. Astronomical Tables and Precepts, for calculating 
the true times of. New and Full Moons, &c; I 763 .— 
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2. 'I'ablci niulTiacls* relative to several arl5 and science's; 
1767 . — 3. All Easy Intniduction to Astronomy, for Young 
Cii/*ilcrmn aiul Linlicb; 2d edit. l/Gj).—‘V. Astronom5’ 
tsplaincd upon Sir Jsuac Newton's l^rinciples; SiU edit* 
1772 . — 5. Lectures on Select Subjects in Mechanics, 

11 vdru*-tatics, Pneumatics, and Optics ; 4i1j edit. 1772* 
—6. Select Michaiiical Exercises; with asliort .Account 
of ilic Lite of the atilliur, by himselt; 1773.—7. The 
Art ol Drawing in Perspectixe Dia<locxsy ; 1775.—B. .An 
IntrofUiction to Electricity; 1775.—y. 'llirce Letters to 
the Rev. John Kennedy, on the Uar\cst Moon, 17(>3 and 
1775. 

EERMAT (Petf.u), a celebrated mathematician and 
])hilosopher> and counsellor of the purliaincnt of Tou¬ 
louse, where he was boin towards the commencement of 
the seventeenth century, or just before; and notwith¬ 
standing he did not imike the mathematics the wliole, nor 
even the principal part of his study, he yet obtained con- 
sideralik* c< lebrity for his knowle<lge and discoveries in 
this science. He had also a perfect knowledge of the 
Greek 2 Uid Latin languages, beside several of the moilern 
languag<*s of Lu rope, as the Italian, Spanish, and Eng- 
lisii. He also cultivated poetry, some of his works being 
still extant. At the same time he fulfilled the duties of 
Jiis oilico as counsellor to the )>ar)ianiont of I'oiilousc, 
with assiduity and honour, enjoying the reputation of an 
enlightened judge. 

It was the custom of the time in which Fermat flou¬ 
rished, for the mathematicians of ditTercnt countries Co 
propose problems to each other for solution, and in this 
kind of correspondence \vc find him deeply engaged, par¬ 
ticularly in theorems relating to certain properties of 
numbers, the demonstrations of tvhich he generally sup¬ 
pressed, if, as is doubtful, he was in possession of them: 
liowevcrthis may be, many of them are even now without 
demonstrations, and several others which were left by him 
in this state, would perhaps still have remained so had it 
not been for the ingenuity and industry of Euler, La¬ 
grange, and some other more modern mathematicians. 

Format had a violent disjiutc w*ith Descartes on the 
suhjcM:t of Maxima and Minima of quantities, of which he 
was the author ; as well as on the doctrine of refraction ; 
and though a compromise at length took place between 
them, they were never good friends after; but in this Des¬ 
cartes was most to blame, ns Fermat seems to have much 
wished for a complete reconciliation. He died in tho 
bej^hning of the year 1665. Besides his now edition of 
Diophantus, Fermat was author of 1. A Method for the 
Quadrature of all sorts of Parabolas.—2. Another on 
Maxima and Minima: which serves not only for the 
determination of plane and solid problems; but also for 
drawing tangents Co curve lines, finding the centres of 
gravity in solids, and the solution of questions concern¬ 
ing numbers: in short, a method very similar to the 
Fluxions of Newton.—9. An Introduction Co Gcomelric 
Loci, plane and solid,—4. A Treatise on Spherical Tan- 
gencies: where he demonstrates in the solids, thef same 
things as Vieta demonstrated in planes.—5. A Restoration 
of Apollonius’s two books on Plane Loci,—6. A General 
Method for the dimension of Curve Lines. .Besides a 
number of other smaller pieces, and many letters to learned 
men; several of which are to bo found in his Opera Varia 
Matbematica, printed at Toulouse, in folio, ]679« . 
FERMENTATION, an intestine motion, arising spon¬ 


taneously among the small and inKosiblc particles of a ^ 
mixed body, thus producing a new disposition, and a ^ 
difl'crent combination ol those parts. Fermentation dif* 
fers from dissolution, the cause from its effect, the 
latier being only a result or effect of the former. 

FES'roON, in Architecture Acc, a decoration in form 
of 8 garland or cluster of fiowers. 

FICHANT Flank, bee Flaj?k. 

FicilAXTl/irtc of Defmci, Sec FlXFP Lintff Defence. 

FlELD^^ooX*, in Surveying, a book used for setting 
down angles, distances, and other things, remarkable in 
taking surveys. The pages of the field-book may be con¬ 
veniently divided into three columns. In the middle co- 
luinn are to be entered the angles taken at the several 
stations by the theodolite, with the distances measured 
from station to station. And the offsets, taken with the 
offsc t^staff, on either side of the station line, are to bo 
entered in the columns on citlicr side of the middle column^ 
according to their position, on the right or left, with re¬ 
spect to that line: olso on the right or left of these are 
to be sot down the names and characters of the objects^ 
with proper remarks, Ac. See a specimen in my Trea¬ 
tise on Mensuration, pa. S86, cd. 4th. See also SoR- 

VEYIKO. 

FiELD^FoRT. See Foutike. 

FiELD-PiVccr, arc small cannon, usually carried along 
with an army in the field : such as,onc*pounde^s,onc-and- 
a•half, two-, three*, four-, six-, nine*, and 12*pouQdcrsv 
which, being light and small, are easily carried. 

FiELD-5rq^i is a staff carried by the gunners, in which 
they screw lighted matches, when they are on service;, 
which is called arming the field-staffs. Sec Linstock. 

Field of View, or of Vmon, is the whole space or ex¬ 
tent within which objects can bo seen through an optical 
machine, or at one view of the eye without turning iu 

Tho precise limits of this space are not easily ascer¬ 
tained, for the natural view of the eye. In looking at a 
small distance, wo have an imperfect glimpse of objects 
through almost the extent of a hemisphere, or at least for 
above 60 degrees each way from the optic axis; but to* 
wards the extremity of this space, objects are very impei^ 
fcctly seen ; and the diameter of the field of distinct vision 
does not subtend an angle of more than 5 degrees at most, 
so that the diameter of a distinct image on the retina U 
less than of an inch ; but it is probably much less. 

. Field fVork$, in FortificatioD, arc those that are 
thrown up by an army in besieging a fortress, or by the 
besieged to defend the place* Such arc the fortifications 
of camps, highways, &c* 

FIFTH, in Music, one of the barmonical intervals or 
concords; called by the anciedfb diapente. 

The fifth U Uic 3d in order of the concords, and the 
ratio of the chorda that produce it, is that of 9 to 2* U 
is called fifth, because it contains five terms, or sounds, 
between its extremes,, and four degrees; so that in the 
natural scale of music it'comes in the 5th place, or order, 
from the fundamental.—The imperfect, or defective fifth, 
by the ancients called semidiapentc, is less than the fifth 
by a mean semitone* 

FIG URATE Numbert, are those numbers which arc 
formed from the addition of all the leading terdis of suo* 
ccsstve aeries, beginning fint with that of the natural 
numbers, as in the following table; where the law of con¬ 
tinuation is manifest* 
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I, 2, 5, 4, 5, 6 

1, 3, 6, 10, 15, 1>1 

1, 4, 10, 20, 35, 56 

1, 5, 15, 35, 70, 126 


n. 

H • (it 


I) 


1 * 2 

M . (« -♦- I) . ^« + 2) 

J . 2 . 

n . 1) . (m-a) . (n-h 3) 


I ^ v> . 3 . 4 

Here, the iirst series a is that of the natural numbers^ 
of which the general ‘term is n; the second bcries b,* is 
that of triangular numbers^ of which tlie general term is 

general term, which is the nth 

term of the series b, there be subtracted the preceding 

term of the same scries, which is the remainder 

1*2 

will ben, which is the Nth term of the series a» Hence 
we shall form the nth term of the series b, by adding to 
the n 1 term of the same series, the nth term of the se« 
ries A. 

The third series c is that of pyramidical numbers, the 
general term of which !Ll^" 


&. 2 • 3 


term we subtract the preceding one 


—, and if from this 
(n— i). n . {« 4- i) 


1 • 2 • a 


the 


dificrence will be which is the nth term of tl>e 

1*2 

series b. Whence we may form the series c by means 
of the series as this latter is formed from the scries a. 
And exactly in the same manner the 4th series d, of 

•. , , , . fi. {«-f i). (« +2), (« + a) 

which the general term is - ^ ■ , may 

be formed from the third c, and so on of others. 

The {>cnural terms given above, as definitions, and from 
which the successive law of formation is deduced, contains 
the whole theory of figurute numbers, and presents, at 
one view, the demonstration of the general proportion men¬ 
tioned by Fermat in his notes on Diuphantus, pa. l6, and 
which lie considered as one of his principal discoveries. 

So that the figuratc numbers of any order may be 

found without computing those of the preceding orders ; 

which is done by taking the successive products of as 

many of the terms of the arithmcticals 1, 2, 3, 4, 5, &c, 

in their natural order, as there are units in the number 

which denominates the order of figurates required, and 

dividing those products always by the first product: thus, 

the triangular numbers arc found by dividing the products 

1 X 2, 2 X 3, 3 X 4, 4 X 5, &cc, each by the 1st pr. 

1x2; the first pyraAfds by dividing the products 

lx2x-3, 2x3x4, 3x4x5, 6cc, by the first 

1x2x3. And, in general, the figuratc numbers of 

Ally order n, are found by substituting successively 1, 2, 

3, 4, 5, Sec, instead of x in this general e.xpression 

».» + 1 .* + a.r + 3 .«« , .Li-. • L 

; wpcrc the factors tn the niime- 
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rator and dcnoraiiiator arc|puuposcd to be multiplied 
together, and to be cofftinued tm (be number in each be 
lew by 1 than that which expresses the order of the figu- 
rates required. Sec Maclaurin's Fluxions, art. 351, in 
the notes; also Simpson’s Algebra, pa. 213; or Malcolm’s 
Arithmetic, pa. 396, where the subject of figurates is 
treated in a very extensive and perspicuous manner. 

FIGURE, in general, denotes the surface or termi- 
•wiing extremes of a body,—All finite bodies have some 
figure, form, or shape; whence, figurability is reckoned 
among the essential properties of body, or matter; a body 
>^ithuut figure, would be an infinite body. 


Figures, in Architecture and Sculpture,denote r^'pre- 
sentatioiis of liiiiijs m.'ide in solid matter ; as statues, t\;c. 

Figures, in Arithmetic, are the numeral characters, 
by which numbers are expressed or written, as the ton 
<iigits, I, 2, 3, 4, 5, 6, 7, S, 0. These are usually 
called the Arabic, and Indian lij^ures, from which people 
it is supposed tlu-y were «lerivcd. being brought into F.u- 
ropc by the Moors of JSpain, ami into England about 1130, 
as Dr. Wallis conjectures ; S.-c his Algebra, pa. 9. How¬ 
ever, from some ancient dates, supposed to consist 
wiiolly or in part ofArabian figures,some have concludeil 
that these figures, originally Indian, were known andus<'il 
ill this country at least as eariyas tlie 10th century. The 
oldest date discovered by Dr. Wallis, was on a chimney- 
piece, at Melmdon, in Nonhamplonshirc, thus Nld.t, 
that is 1133, Oilier dates discovered since, are IO90, 
at Colchester, in Essex; m 16 or IOI6, at Widgcl-hall, 
near Bnmingford, in Hertfordshire; 101J on the north 
front of the parish church of Rumscyin Hampshire; and 
975 over a gate-way at Worcester. 

Dr. M ard, however, has urged several objections against 
the antiquity of these dates. As no example occurs of 
tlie use of such figures in any ancient manuscript, earlier 
than some copies of Johannes de Sacro Rosco, who died 
in 1256, he thinks ii strange lliat these figures should 
have been used by artificers so long before they a|ipcar in 
the writings of the learned ; and he also disputes the fact. 
The Heltndon date, according to him, should be 1233; 
the Colchester date 1+yo ; that ut Widgel-hall has in it no 
Arabic figures, the 1 and 6 being i and o, the initial 
letters^of a name ; and the date at Worcester consists, he 
supposes, of Roman numeral-:, being really m x v. See my 
Abridg. I’liilos. Trans, vol. 8, pa. 32, 39, &c. 

Mr. Gibbon observes (in his History of the Declinp and 
Fall of the Rom.in Empire, vol. v. pa. 321) that “ under 
the reign of the caliph Waled, the Greek language and 
characters were excluded from the accounts of the public 
revenue. If this change was productive of the tnvcmic" 
or familiar use of our present numerals, the Aralxc cha¬ 
racters or ciphers, as they are commonly styled, this 
regulation has promoted the most important discoveries 
of arithmetic, algebra, and the mathematical sciences." 

On the other hand it may be observed that, " according 
to a new, though probable notion, maintained by M. de 
Villaison (Anecdota GriBca, tom. Ii, pa. 152, 157), our 
ciphers arc not of Indian or Arabic invention. They 
were used by the Greek and Latin arithmeticians lon» 
before the age of Boethius. After the extinction of science 
in the West, they were adopted in the Arabic versions 
from the original manuscripts, and restored to the Latins 
about the llth century.” 

FIGURE qf the Enrti. See Earth. 

Figure of an'F'^lipu, in Astrononiv, denotes a re¬ 
presentation on paper &c, of the path or orbit of the sun 
or moon, dunng the time of the eclipse; with the different 
phases, the digits eclipsed, and the beginning, middle, 
nnd end of darkness, &c« 

^ Figure, or Delineation^ of ilio full moon, such os, 
viewed through o Celescopc with two coDvex glasses, is of 
considerable use in obscrvatiqns of eclipses, and conjunc*^ 
tions of the moon ivitli other luminaries* In this tigure 
arc usually represented the macula) or spots of Uie muon, 
marked by numbers; beginning with those that usually 
enter fint within the shade at the lime of thectlipse^, and 
also emerge the first. 
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FrouRt, in Conic SccUons^ according lo Apollonius, 

K the rectangle contained under the latus*rectum and the 
trrtnsvei>c x\is, in llu* ellipse and hyperbola. 

I’rouRE, in fortification, is tlic plan of any foitificd 
place; or the interior polygon, ^c. Wlien the sides, 
•and I lie angles, are nil equal, )l is culled a regular figure; 
but when uiK(|Ual, an irregular one. 

riuuiiE, in Geonutrt, denotes a surface or space in¬ 
closed on ail sides; and is either stiperlicial or solid; su¬ 
perficial when it is inclosed by lines, and solid when it 
is inclosed or bouinled by surfaces. 

Figures are either straight, curved, or mixed, accord¬ 
ing as their bounds are straight, or curved, or both. The 
exterior hounds of a figure, arc called its sides ; the lowest 
iride, its base; and the angular point opposite the base, 
the vertex ot tin* figure; also its height, is the distance 
of the vertex from ll.e base, or the perpendicular let fall 
upon It from llie vertex. 

For Figures, e(|ual, equiangular, equilateral, circum¬ 
scribed, inscribed, plane, regular, irregular, similar^ &c ; 
See the resj^ectivc adjeclivcs- 

/Ipparfjfi Figure, in Optics, that figure, or shape, 
tinder which an object appears, when viewed at a dis¬ 
tance. This is often very different from the true figure; 
for astraiglit line viewed at a distance may appear but as 
a point; a surface as a line; a solid as asuilacc ; nnd a 
crooked figure ns, a straight one. Also, each of these 
may appear of different magnitudes, and some of them of 
different shapes, according to their situation with regard 
to the eye. Tlius, an arcli of a circle may appear a 
straight line ; a square or parallelogram, a trapezium, or 
even a triangle ; a circle,an ellipsis ; angular magnitudes, 
round; a sphere, a circle; &c. 

Also any small light, as a candle, seen at a distance in 
the dark, will appear magnified, and farther off than it 
really is. Add to this, that when several objects arc 
seen at a distance, under angles that are so small as to 
be insensible, as well as each of the angles subtended by 
any one of them, and that next to it; then all these ob¬ 
jects appear not only as contiguous, but as constituting 
and seeming but one continued magnitude. 

Figure (ifthe Smri, Cosines^ Tangents^ or 

SecaniSf arc figures made by conceiving the circum¬ 
ference of a circle extended out in a right line, upon 
every point of which arc erected pcTpendicular ordinates 
equal to the sines, cosines, &c, of the corresponding 
arcs; and tlien drawing the curve line through the extre¬ 
mity of all these ordinates; which is callccf the figure 
of the sines, cosines, 

It is probable that these figures took their rise from the 


A DO 6 A of the circle, upon which lay off also the lengtl/fi 
of several arcs, as the arcs at every 10®, from 0 at a, to 
360® at the other end at a; upon these points draw per¬ 
pendicular ordinates, upwards or downwards, according 
as ttiosinc, cosine, &c, is affirmative or negative in that 
pjit of the circle, and equal lo them ; then drawing a 
curve line iliroUi>li the oxtn mitics of all these ordinates, 
itVill form the figure of the sines, cosines, versed-sines, 
tangents, cotangents, secants, and cos<cants, as In the 
annexed figures. ' Where it may be observed, that the 
following curvets are the same, vi^, those of the sines and 
cosines, those of the tangents and cotangents, and those of 
the secants and cosecants; except in the disposition of 
some of their parts. 

Fig. \. Sines. 




Cosines* 


Versed-sines. 



Tangents. 


Cotangents. 
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cosines, &c, arc nffirmalivc or negative, i. c. to be set up¬ 
wards or downlvards, by observing the following general 
circumstuncc of tho extension of the meridian line by £d- ' rules for those lines in the Jtst, 2d, 3d, and 4th quadrants 
ward Wright, who computed that line by collecting the of the circle* 


successive sums of the secants, which is the same thing as 
the area of the figure of tho secants, being made up of all 
the ordinates, or secants, by the construction of tbe 
figure* And in imitation of ibis, the figures uf the other 
lines have been invented ; and by means of the figure of 
the secants, James Gregory showed how the logarithmic 
tangents may be constructed, in bis Exercitaiiohcs Geo- 
metrica*, 4to, ififis* 

ConUructifn qf the Figuree qf Sines, Cosinct^ Ifc^ 

Let ApB he (fig. 1) be the circle, ad an arc, de its 
sine, cr its cosine, ab the versed-sine, af the tangent, 

OH the cotangent, cr the secant, and cii the cosecant* 

Draw a right line aa equal to the whole circumfcrcDCc And all the vened-sincs arc afiirmative 


The sines 
The cosines 
Tho tangents 
The cotangents 
The secants 
The cosecants 


in the 1st and 2dtorc affirmative, 
in the $d Aid 4(b negative: 
in tBb 1st and 4th arc affirmative, 
in the 2d and 3d negative: 
in the 1st and 3d arc affirmative, 
in the 2d and 4th negative; 
in the 1st and 3d are aflirmativc, 
in the 2d and 4th negative t 
in the 1st and 4th urc ulfirmative, 
in tho 2d and 3d negative : 
in the Isi and 2d arc affirmative^ 
in tho Sd and 4th negative 
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To find the E^uaiioft and ifc^ to Mch qf these Curves. 

Draw aij> ordinate de ; putting r= ac the radius of 
the given circle, x ^ ud or ad any absciss or arc, and = 
de iu ordinate, which will be either the sine dr = «, co¬ 
sine CE =c, versed-sine A E x; r, tangent ai* ^ r, cotangent 
CH =rr, scCHDt cr = $, or cosecunr cii — x, according to 
the nature of the particular construction. Now, from the 
property of the circle are obtained these following gene* 
ral equations, exprt'ssing the relations between the fluxions 
of a circular arc and its sine, or cosine, 6cc, vie, 

— rr rv r^t 

A 


5. For the ricvKt. of the flere z ^ ad, nnd 

de; and the equatiuji of the curve is x ^ 

Hence $x = - is the fluxion of the 


^r*r _— tV’ 




And these also express the relation betweerv the abscissand 
ordinate of the curves iti question, each in the order in 
which it stands; where x is the coniinon absciss to nil of 
them, and the respective ordinates arc j, c, o, /, r, s, and c. 
And hence the area &c, of any of these curves may be 
found, as follows: 

1. In the Fiouhe o/ Sines ,—Here x = ad, and s = 
the ordinate de ; and the equation of the curve, as above, 

is i s —p--—.. Hence si = fluxion of 

the area; the correct fluent of which is 
= ^ -^rc 2s rv the rectangle of radius and vers, i, e* — or 
as < is increasing or decreasing; which is a general ex¬ 
pression for the area ade in the figure of sines. When 
^ s 0, as at o or this expression becomes 0 or 2H; that is 
0 at a, and =5 the area aeb; or r* s the area of a/g 
when ad becomes a quadrant a/. 

2.In theFiovHZ of Cosines ,—Here x^ad and c = de; 

and the equation of the curve is x = 

• • 

' ^^r‘ _ tij • Iknce ex =i '* fluxion of the 

area; nnd the fluent of this is r v'(r’ — = m, the rect¬ 

angle of radius and sine, for the general area adec. When 
# = r, or c = 0, this becomes r® = the area {(fc, whose ab¬ 
sciss q/'is equal to a quadrant of the circumference; the 
same as in the 6gu r^f the sines, upon an equal ahsoiss. 

3. In the FiouRzq/" Verted-eines.—Hvtcxssad, and 

v^de; nnd the equation/»f the curve is 

• ■ ■ 

A _ TV JJ . rvo TV^C 

X — • 7 — '■ Hence vx = =s ——- 

— VB) ,/{ire — vv) 

is the fluxion of the area ; and the fluent of thi$ is rx — rt 
= r X (ad — de) for the area ade in the figure of versed 
sines. Wlien ad or ad is a quadrant ac or ({f, this be¬ 
comes X — r* =s •5708r* for the area 

And when a d or acf is a semicircle ab, it becomes 3*141^^ 
the area abg =: in the figure of versed-sines. 

4. In the FiouREq/'Tangen/*.—Hcrux = ad, and / = 
and the equation of the cun'c is s - 

Hence the fluxion of (he area is ti c= » 

and the correct fluent of this is |r* x hyp. log. of 

—^ = r* X hyp. log. of = r* x hyp. log. of *. 

And hence the figure of the tangents may be used for con¬ 
structing the logarithmic secants; a property that was rc- 
tnatked by James Gregory at the end of bis Excrcit. 
Ottomet. 

When ad becomes a quadrant qf, t being then infinite, 
this becomes infinite for the area qfg. And the same fur 
the figure of cotangents, beginuing at/instcad of •. 

VoL. I. 


. 7j -177' iiv'iicc &x = - 

area; the fluent of which isH hyp. log. of —for 

the general area ade. And when ud becomes the qua¬ 
drant aj, this expression bcconHs jnliiute for the area 
Tlic same process will serve for the tigiirc of cobfcaiiU', Li- 
ginning at/instead of a. 

lienee the ineridionul parts in .Mi rcator’s chart ma\ be 
calculated for any latitude a D or ad: Fur the merid. parts: 
are to the arc of latitude a D ; : as the sum of the secants ; 
to the sum of as many radii or:; as the ana adeilv nJ x 
radius ac or A D X ac in the first figure. 

I- ILLL1, in Architecture, any little square member or 
ornament used in crowning a larger moulding. 

FIN.'FUS (OuoXTius), in French, Fine, professor of 
mathematics in the Royal College of Paris, was the son of 
a physician, and was born at Urianpon in Dauphine in 
149+. He went young to Paris, where his friends pro¬ 
cured him a place in tlie college of Navarre. He applied 
himself there to the study of philosophy and polite iiteru- 
liire; but more especially to mathematics, in which he 
made considerable progress, particularly in mechanics ; 
for, having both a genius to invent instruments, and a skil¬ 
ful hand to execute them, he gained much reputation by 
the specimens ho gave of his ingenuity. 

Finaius first made himself publicly known by cnrrcclin™ 
and publishing Siliceus’s Arithmetic, and the Margaiiia 
Pbilosophica. He afterwards read private lectures in ma¬ 
thematics, and then taught that science publicly in tl>e 
college of Gervais; from the reputation he thus gained, 
he was recommended to Francis the 1st, us a proper |n‘r- 
son to teach mathematics in the new college which tlmt 
prince had founded at Paris. And here, though hes|)ared 
no pains to improve bis pupils, he yet found time to pub- 
lish a great muny books on many of the principal paru of 
the mathematics* Uut neither his genius, his labours, his 
invcntionsi nor the esUcm which numberless persons 
showed him, could secure him from that fate which so 
often befalls men of icllers. He was obliged to struggle 
all bis life-time w ith poverty 5 and when he died, left a 
numerous family dc*eply in debt. llowc\er,as merit must 
dways be esteemed in secret, though it seldom has the 
fortune to be rewarded openly; his children found friends 
who for their father’s sake assisted his family.— He died in 
1353, at 61 years ofage. 

Like all other mathematicians nnd astronomers of those 
times, he was greatly addicted to astrology ; and had the 
misfortune to be a long lime iinpriwied for having pre¬ 
dicted .some things, that were not ucftptable to (he court 
of Franee. He was also one of those, who vainly boasted 
of having found out the quadrature of the circle, with the 
solution of the problem of two mean proportionals, and 
that of the triscciion of an angle; but be was vigorously 
refuted by Nonius, os well as by Butron and Borclli, two 
of his own pupils.—Several of his pieces were published 
reparatcly; us, his Practical Arithmetic in 1535, and 
Practical Geometry in 1544, boihin Ho. And an edition 
bf his whole works, translated into the Italiatf language, 
was published in 4to,at Venice, 1587; consisting of Arith¬ 
metic, Practical Geometry, Cosmography,Astronomy,and 
Dialling. 

FINITE, the property of any thing that is bounded 
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or linulcil, I'itluT iit its power, or extent, or duration, 
<^:c ; us distinguished from the (iroperty of iiihnite, or with* 
out bounds. 

Fllll'y, is that subtile invisible fluid by which bodies 
are made hot to the touch, and expanded or enlarged in 
bulk ; by wliich Huids are rarclie<l into vapour; or solid 
bodies become fluid, and at last arc cither dissipated and 
carried off in vapour, or else melted into glass. It seems 
also to be the chief agent in nature on which animal and 
vegetable lile have an immediate dependence. See Ca* 
Louic and 

Theilisputes concerning fire, which long existed among 
pbihrsophers,have now inn great measure subsided.Those 
celebrated philosophers ofihe 17tli century, Bacon, Boyle, 
and Newton, wore of opinion, that hre was not a sub* 
stance distinct from other bodies, but that it entirely con* 
sisicd in the violent motion of tiic parts of any body, 
which was pruiliiced by the mechanical force of impul* 
sion, or of attrition, bo Boyle says, when a piece of iron 
becomes liot by hammering, “ there is nothing to make 
it so, except the forcible motion of the hammer impri-ss* 
ing a vehement aiul variously determined agiuilion on the 
small parts of the iron.” And Bacon defines heat, which 
he makessynonymous with tire, an'* expansi^> undulatury 
motion in the minute particles of a body, whereby they 
tend with some rapidity from a centre towards a circtitn* 
fercncc, and at the* same lime a little upwards." And 
Hccurding to Newton, hre is a body heated so hot us to 
emit light copiously; for what else, says he, is red-hot 
iron, but firef and what else is a fiery coal than red-hot 
wood f by which he suggests, that bodies which arc not 
fire, may be changed and converted into it. 

On the other hand, the chemists slr(‘nuously contend¬ 
ed that fire was a fluid of a certain kind, distinct from all 
others, and universally present throughout the whole 
globe. Boerhaavc particularly maintained this doctrine ; 
.iiui in support of it brought this argument, that flint and 
steel would strike fire, and produce the same degree of 
heat in Nova Zembla as they would do under the equator. 
Other arguments were drawn from the increased weight 
of metallic calces, which they thought proceeded from 
the fixing of the element of fire in the substance whose 
weight was thus increased. For a long lime, however, 
the matter was most violently disputed ; but the mechani¬ 
cal philosophers at lust prevuiled through the deference 
paid to the principles of Newton, though he himself had 
scarcely taken any active pari in the contest. 

The experiments of Dr. Black, however, seemed to bring 
the dispute to a decision, and that in favour of the che¬ 
mists, coiicerning whut be called latent heat. From these 
discoveries it appearS|that fire may c.xist in bodies in such 
a manner, os not to oiscovcr itself in ony other way than 
by its action on the minute parts of the body; but that 
suddenly this action may be cbangetl so, as no longer to 
be directed on the particles of the body itself, but upon 
external objects; in which case we then perceive its ac¬ 
tion by oursense of feeling, or discoyerit by the thermo¬ 
meter, and call it heat, or sensible fire. 

From this discovery, and others in electricity, it is now 
pretty gencmlly allowed, that fire is a distinct fluid, 
capable of being transferred from, one body to another. 
But when this was discovered, iinotbcr question no less 
perplexing arose, r'rj, what kind of a fluid it was; or 
whether it bears any analogy to those with which we arc 
better acquainted. Now there arc found two fluids, viz, 
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the solar light, and the electric matter, both of which oc* 
casionaily act as fire, and which therefore seem to indi¬ 
cate an original identity; and popularly the matter ha» 
been long since determined; the solar rays and ihe elec¬ 
tric flui«l having been indifferently accounted eleroeucary 
fire. Some indied have imagined both these fluid.s to be 
mere phlogiston itself, or at least containing a large por¬ 
tion of it; and Mr. Schcele went so far in this way as to 
form an hypothesis, which he endeavoured to support by 
experiments, that fire is composed of phlogiston and de- 
phlogibiicated air. But it is now asccrlaincd beyond 
doubt, that the rosult of such a combination is not fire 
but fi.xed air. 

It was long since observed by Newton, that heal was 
certainly conveyed by a medium more subtile than lha 
common air; for two thermometers, one included in Ihe 
vacuum of an air-pump, the other placed in the open air, 
at an equal distance from tlie fires would btcome equally 
hot in lu-nrly the same time. This and other experiments 
show, that fire exists and nets where then* is no other 
matter, and of consequence it is a fluid per se, independ¬ 
ent of every terrestrial substanre, without being generated 
or compounded of any thing wc arc yet acquainted with. 
To dcicm>inc the nature of the fluid, wc have only to con¬ 
sider whether any other can be discovered which will pass 
through the perfect vacuum just mentioned, and act there 
as fire. Such a fluid is found in the solar light, which is 
well knowii to oct even in vacuo as the most violent fire. 
The solar light will likewise act in Ihe very same manner 
in the most intense cold ; for M. de Saussure has found, 
that on the cold mountain-top the sun-beams are equally 
powerful os on the plain below, if not more so. It ap¬ 
pears therefore, that the solar light will pioduce heat in¬ 
dependent of any other substance whatever; that is, where 
no other body b present, at least as far as we can judge, 
except the light itself, and the body to be acted on. We 
cannot therefore avoid concluding, that a certain modifi¬ 
cation of the solar liglit is the cause of heat, expansion, 
vapour, 6rc, and answers to the rest of the characters given 
in the^foregoing definition of fire, an^bat independent of 
any other substance whatever- 

It is very probable too, that the electric matter is no 
other than the solar light absorbed by Ihe earth, and thus 
becoming subject to new laws, and assuming many pro¬ 
perties apparently difTereni from what it has when it acts 
os light. Even in this case it manifests its identity with 
fire or light, viz, by producing a most intense heat where a 
largv' quantity of it passes through a snml] space. So that 
at any rate, the experiments wliich have dready been 
made, and the proofs drown from the phenomena of nature, 
show such a strong affinity between the elements of fire, 
light, and rlectricily, that wc may not only assert their 
identity on the most probable grounds, but lay it down as 
a position against which at -present no argument of any 
weight has an existence. 

FiRE-.'^rrow, is u small iron dart, furnished with springs 
and bars, and also a match impregnated with sulphur and 
powder, which is wound about its shaft. It is chiefly used 
by privBtccrs*nnd pirates to fire the sails of iho enemy's 
ship, and for this purpose it is discharged from a mus- 
ketoon, or a swivel gun. The match being kindled by the 
explosion, it communicates the flame to ^e sail against 
which it is directed, where the arrow fiistciwtself by means 
of,its bars and springs. This weapon is peculiar to hot 
climates, particularly the West Indies; tne sails being 
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▼cry dryi arc quickly inflamed, and (he fire is soon con<^ 
▼eyed to the roasts, rigging, and finally to the vessel itself. 

FiRE-Z?.i//#, ill Ariillery, arc certain hulls composed of 
combubtilde matters, su^h as fine or mealed powder, sul* 
phur, saltpetre, rosin, pitch, 6cc. These are thrown into 
the enemy’s works in the night-time, to discover where they 
arc; or to i>ct fire to houses, galleries, or blinds of the he- 
Siegel'S, They arc sometimes armed with spikes or 
hooks of iron, that they may not roll ofi\ but stick or bang 
where they arc to take effect. 

Flht^Balh, or Fierj/'Meteors^ in Meteorology, a kintJ of 
luminous bodices usually appearing at a great height above 
the earth, with a splendour surpassing that of the moon, 
and somotimes apparently as large. U has not been ob¬ 
served (hat they follow any regular course or motion, but, 
on the contrary, moving in all directions, and with very 
dificfent degrees of celerity; frequently breaking into se¬ 
veral smaller ones; sometimes making a strong hissing 
sound, sometimes bursting or vanishing with a loud report, 
and sometimes nou 

These luminous appearances doubtless constitute one 
part of the uriciciU prodigies, blazing stars, or comets, 
which last they sometimes resemble in being attended with 
a train ; but more often they apjicar r<iund. The first of 
these of which \vc have any accurate" account, was ob* 
served by Dr. Halley, and some other philosophers at dif¬ 
ferent places, in the year 1719> the height of which above 
the surface of the earth was computed at more than 70 
miles. Many others have been accurately observed since 
that time, and described by difierent philosophers. Sec 
French Memoirs, and Philos. Trans, vols. SO, 41, 42, 43, 
46, 47t 48, 51, 53, 54, 63, 74,The velocities, direc¬ 
tions, appearances, and heights of all these were found to 
be very various; though (he height of some of them was 
supposed above the limits assigned to our atmosphere, or 
^ where it loses its refractive power. The roost remarkable 
phenomenon of this kind on record, appeared on the 18th 
of August 1783, about 9 o'clock in the evening. It was 
seen to (he northwanl of Shetland, and took a south-east¬ 
erly direction for an immense space, being obsiTvcd as far 
as the southern provinces of France, and by some it was 
said to have been seen at Rome, passing over a space of 
1000 miles in about half a minute of time, and at a very 
great height. During iu course it appeared several times 
to change its shape ; sometimes appearing in the form of 
one ball, sometimes of two or more; sometimes with a train, 
and sometimes without one. 

There arc divA^ opinions concerning the nature and 
origin of these meteors. The first thing that occurred to 
philosophers on this subject wras, that they were burning 
bodies rising from the surface of (he earth, and flying 
through the atmosphere with great rapidity. But this hy¬ 
pothesis was soon rejected, on considering that there was 
^no power known by which such bodies could cither be 
raisM to a sufficient height, or projected with the velocity 
which tlicy bad by some means acquired. The next hy¬ 
pothesis wos^ that, instead of one single body, they consist 
of a train of sulphureous vapours, extending an immense 
way through the atmosphere, and being kindled at one 
emi, display the luminous appearances in question by the 
fire running from one extremity of the tram to the other. 
Hut it is not easy to conceive how such matters can exist 
and be dfIposgLin such lines in so rare a part of^the at- 
• inosphcre, an* ven to burn there, in an almost perfect 
vacuum. For which rc^n this hypothesis was aban¬ 


doned, for another, which was, that those meteors are per¬ 
manent solid bodies, not rising from the earth, but revolv¬ 
ing round it in very exceiuric orbits, and tlius in their 
perigeon moving with vast rapidity. But as the various 
appearances of one and tin* >ainc meteor, to observers at 
diftcrent places, arc not com]ni(ible with the idea of a 
single body so revolving, this hypoihcbis has aUo been given 
up in its turn. Again it has l<(en sui<h that these meteors 
are a kind of bodices that Dike fire as soon as they come 
within the atmosphere of the earili. But this cannot be 
supposed without implying a previous knowledge of the 
nature of these bodies, which it is impossible vve can have. 
Another hypothesis i‘s, that these liery meteors are great 
bodies of electric matter, moving from one part of the hea¬ 
vens where, to our conception, it is superabundant, to 
another where it ii deficient: a conclusion attended with 
some probability, from (he analogy observed betw een elec¬ 
tricity and the phenomena of ih^^e bodies: and hciicc 
they appear to be of the same origin with shooting-stars, 
lightning, the aurora-borealis, being all rcferrc<l to (he 
same cause, viz, the electricity ot the atmosphere. Sec 
A EROLITE. 

FiKE-^gmc, is a muciMne for extinguishing accidental 
fires by means of a stream or jet of water. The common 
squirting fire-engine consists of a lifting pump placed in a 
vosel of water, and w rought by two levers that act alwavs 
together. During the stroke, the water raised by liie 
piston of the pump spouts forcibly through a pipe joined 
to the pump-barrel, and made capable of any degree of 
elevation by means of a yielding leather pipe, or by a ball 
and socket turning every way, screwed on the lop of the 
pump. The vessel containing the water is covered with a 
strainer, to prevent the mud, 5cc, which is poured into ic 
with the water, from choking tlie pump-work. Between 
the strokes of this engine the stream is discontinued, for 
want of an air-vessel. However, in some cases, engines of 
this construction have their use, because the stream, 
though interrupted, is much smarter than when the engine 
is made to throw water in a contirifacd stream. See these 
engines particularly described in Dosuguliers's Exper. 
Phiios. vol. 2, pa. 505; or Martin's Philos. Britan, vol. 2, 
pa. 69; O, G. Gregory's Meclianicr. See also the figure 
of them, plate x* fig. 3. 

It appears that in the year 1675, Sir Sam. Morland got 
a patent for a powerful engine of this kind. This machine, 
by the strength of 8 men, would force water in a conti¬ 
nued stream, from the river Thames, to the top of Wind¬ 
sor castle, and (iO feet higher, at the rate of 60 barrels aii 
hour, which experiment wustrepeated several tiiu(*s, in the 
year 168J, before the king, queen, and court; when his 
majesty presented Morland with a medal, with his efiigy 
set round with diamonds, and appointed him his master of 
mechanics, &c. 

FiRE-Z^F, of Fuji?, a small gun or musket, which fires 
with a flint and steel; as distinguished from the old 
musket, or match-lock, which was fired with a match. 
The fire-lock is* now in common use with the European 
armies, and carried by the foot-soldiersi It is usually 
about 3 feet 8 inches in the barrel; and, including the 
stock, 4 feet 8 inches, carrying a leaden bullet^ of w hich 
29 niake 2lb. The diameter of the ball is *55, and that of 
the barrel *56 parts of an inch. The lime of the inven¬ 
tion of fire-tocka is uncertain; they were however used 

in 1690. 

Ftnx-F/oca, arc contrivances for communicating heat 
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(o rooms, nnJ also for nnswcring %ariou5 purposes of art 
and n\anufacturc'.—The general properties of air and fire, 
on which (heir construction chiefly depends, arc the foU 
lowing, w/y that air is rarefied by fieat, and condensed by 
cohl; in other wor<ls, the same ijuantity of air takes up 
more space wljen warm than \shen cold. Air rarefied and 
eN))an<l< tl by liraf, is specifically lighter than it was bcfiirc, 
and will rise in other air of greater <lcnsity: so that a fire 
being made in any chimney, the air about ami over the fire 
is rarefied bv tl»e Inat, iliencc becomes lighter, and so 
rises in the funnel, and goes out at the top of the chimney: 
the other air in the room, flowing towards the chimney, 
su|>))lies its place, is (hen rarcfiiMl in its turn, and rises 
likewise ; and the place of the air ihtis carried out of the 
room, is supplied hy fresh air coining in through doors and 
windows, or, if they be shut, through every crevice wdth 
violence; nr if the avenues to the room be so closed up, 
tlial little or no sup|ily of air eftn be obtained, the 
current up the funnel must flag; and the smoko, no longer 
driven up, float nbotil in the room. 

On these principles various contrivances and kinds of 
fifC'grates and stoves have been demised, from the old very 
open and tvi<lc chimney places, down to the prcscnl 
modish ones, which are iiiucli narruw<*d in the front, open* 
lag, iiy side and back jambs, and a low breast or mantle, 
besides the cotivcnicncc of a flap, called a regibtor, that 
covers the lop of tlie fire-stove, but opening to hiiv degree 
w ith a small winch, which lifts the back part sloping up- 
tvi«ds, and so throws the smoke freely up the funnel, a<l- 
mitting as little air to pass ns you please by which simple 
means the warm air is kept more in the room, while the very 
narrow and sloping orifice promotes the brisk ascent of (he 
stiiokc, and yetprevents its return down again, for the same 
rvusoiu 

Anoilier ingenious, but more complex, apparatus, called 
the Pennsylvania fire-place, was invented by Dr. Franklin, 
which keeps a room very warm by a constant supply of 
fresh hot air, that passes into it through the stove itself* 
Sec the description inmis Letters and Papers on Philoso¬ 
phical Subjects. 

Many other forms of fire-grates, often whimsical fi¬ 
gures, have been recommended by different persons: but, 
after all, the common register-grate is far the best. 

Fire-Po/, in the Military Art, is a small earthen pot, 
into which is put a gienade, rdlcd with fine powder till the 
grenade be covered ; the pot is then closed with a piece 
of parchment, and two pieces of match laid across and 
lighted. This pot being thrown where it is designed to do 
execution, breaks and fires Ihc powder, and this again 
fires the powder in (he grenade, which ought to have no 
fu7e, that its operation may be the quicken 

Rasant^ or Ruzant Fire, is a fire from the artillery 
and small arms, directed parallel to the horizon, or to 
those parts of the works of a place that are defended. 

Running Fire, is when ranks of men fire one after 
another; or when the lines of,an army are drawn out to 
fire on account of a victory; in which case each squadron 
or battalion takes the fire from that on its right, from the 
right of the first line to the left, and from the left to the 
right of the second line, &c. This is no>^commonly 
called 

FtRE-S/n]p5, in the navy, are vessels charged with com¬ 
bustible materials or artificial fire-works: which having 
the wind of an cncm/s ship, grapple her, and set her on 


fire. Anderson, in his History of Commerce, voL pa. 
43?, ascribes the invention to the English, in this in¬ 
stance, viz, some vessels being filled with combustible 
matter, and stmt among the Spanish ships composing the 
invincible Armada in 1388; and hence arose, it is said, 
th<- terrible invention of fire-ships. But Livy informs us, 
that the Kho<jians had invented a kind of firc-ships, which 
were used injunction with the Roman fleet in their en- • 
gHgemeiit with the Syrians, in the year ipo before Christ: 
cauldrons of combustible and bunting materials svere 
hung out at their prows, so that none of the enemies* 
ships durst approach them : for these fell on the enemies' 
galleys, struck their beaks into them, and at the same 
time set ihcnt on fire. Livy, lib. 37, cap. 30. 

W7W-FiRE,is a kind of artificial or fiictrtious fire, that 
burns oven under w ater, and thutvvith greater violence than 
out ofie. It is Composed ufsuiphur, naphtha, pitch, gum, 
and bitumen, and it is only cxtinguishable by vinegar, 
mixed with sand and urine, or by covering it with raw 
hides. It is said its motion is contrary to that of natural 
fire, always following the direction in wlikh it is thrown, 
whether it be downwards, sideways, or olherwisi*. 

l*he French call it Greek fire, or Feu Grrgeors, because 
first used by the Greeks about the year 660, as is ob¬ 
served by the Jesuit Pciavius, on the authority of Nicetas, 
Thcopfaanes, Cedrenus, &:c. The inventor, according to 
(he same author, was an engineer of Heliopolis, in Syria, 
named Callinicus, wlio fir^t applied it in the sea-fight com¬ 
manded by Constantine Pogonates, against the Saracens, 
nearCyzicus, in tite Hellespont; and with such effect, that 
he burnt the whole fiect, which had on board 30,000 
men. But otbers refex it to a much older date, and as¬ 
cribe the invention to Marcus Gracchus; an opinion that 
is supported by several passages, both in the Greek and 
lloinun writers; which show that it was anciently used 
by each of those nations in their wan. See Scaliger against 
Cardan. 

The successors of Constanlinc used rt on several occa¬ 
sion;, with great advantage : and it is said that they were 
able to keep the secret of the composition to themselves; 
so that no other nation knew it in the year 9^0. 

It is recorded by Chorier, in his Hist. dcDuuph. that 
Hugh^ king of Burgundy, demanding ships of the emperor 
Leo for the siege of Fresne, desired also the Grec*k fire.— 
F. Daniel gives also n good description of the Greek fire, 
in his account of the siege of Damictta. under St. Louis. 
Every body, says he, was astonished with the Greek fire^ 
which the Turks then prepared ; and rfic secret of which 
is now lost. They threw it out of a kind of mortar, and 
sometimes shot it with an odd sort of cross-bow, which was 
strongly bent by means of a bundle, or winch, with much 
greater force than the bare arm. Tliat which was thrown 
from the mortar sometimes appeared in the air of the 
srza of a tun, with a long tail, and a noise like that of 
thunder. 1‘he French, by degrees, got the secret of ex¬ 
tinguishing it: in which they succeeded several limes. 

After oil, perhaps the invention of the wild-fire is to be 
ascribed to other nations, and to a still older date, and 
that it was the same as that qsed among the Indians irt 
Alexander's invasion, when it w'os said ^ey fought with 
thunder and lightning, or shot fire with a terrible noise. 

FiRE-rtoriti, otherwise called Pyrotechi^ojcfiartifida! 
fires, or preparations made of gunpowapTsuipnur, and 
other inflammable and combu^ible ingrcoicut^, which ajw 
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dil^layccl at public rejoicings, and on other occasions. 
The principal of these arc rockets, serpents, stars, hail, 
mines, bombi, gaMands, letters, and other devices, The 
invention ol tirc-rtorks is attributed, by .M. Mahudel, to 
the Flon mines and people of Sienna ; uboalso discovered 
the methoil of adding to them decorations of statues, with 
hre issuing from thotceyes and mouths. 

FIRKIN, an Knglivh measure of capacity ; being the 
4th part of a barrel ; or c«>ntaiiiing 9 gallons. 

FIRLOI', a dry measure used in Scotland. Tho#jat- 
lirlol contains [nnis of that country, or abijut85 Kng- 
lish pints; and tljc barley-tirlot, 31 standard pints. The 
wlieat^rirl <1 contains about 22\ 1 cubic inches ; and there¬ 
fore cNCeuls the hnglibh bushel by 60 cubic inches, or aU 
most an Kiighsh quart. 

FlRMAMLNl, by some old astronomers, is the orl> 
of the fixed btars, or the highest of all the heavens. But 
ill Scripture and common language it is used for the middle 
regions, or tlie space or expanse appearing like an arcli 
quite around or above us in ilie heavenSi Many ancients 
and moderns al>oaccounted the firmament a (luid matter; 
but thuM* who gave it the name of firmainent must have 
taken it for a soImI one. ^ 

FIRMN I'.SS, is the consistence of a body; or that slate 
in which its parts cohere, or are united together, so that 
the motion of one pnit imluces a motion of the rest. And 
in this sense firmness stands opposed to fluidity. 'I'hc firm¬ 
ness of bodies therefore depends on the connexion or co* 
hesiou of their particles; and the cause of cohesion the 
Newtonians hold to be an attractive force, inherent in 
bodices, which binds their small particles together; exert¬ 
ing itself only at the points of contact, or extremely near 
them, and vanishing at greater distances. 

FISSURES, in the History of the Earth, arc certain 
interruptions, mostly parallel to each other, that dividc or 
se parate its strata from one another, in nearly horizontal 
directions; and the parts of the same stratum in nearly 
vertical directions. 

FIXED Line of Defence^ a line drawn along the face of 
the bastion, and terminating in the curtain* 

Fixed Signs of iheZodiuc, according to some, arc the 
four signs Taurus, Leo, Scorpio, Aquarius* They'are so 
called because the sun passes them respectively in the* 
middle of i*ach quarter, when that season is more settled 
and fixed than under the signs which begin and end it* 
Fixed Sinrsf are such as constantly retain the same 
position and distance with respect to each other ; by which 
they are contradistinguished from erratic or wandering 
stars, which arc continually varyingtheir situation and dis¬ 
tance.—The fixed stars only arc properly and absolutely 
called stars; the other celestial bodies falling under the de¬ 
nomination of planets or comeu. 

FIXrrV, or Fixedness, -the quality of a body which 
determines it flxed; or a property which enables it to 
endure the (tre and other violent agents. A body may be 
said to be flxed in two respects; 1st, When on being ex¬ 
posed to the Are, or a corrosive menstruum, its particles 
arc indeed separated, and the body rendered fluid, but 
without being resolved into its first elements. The 3d, 
when the body sustains the active force of the fire or mci>- 
itruums-while its integral ^arts arc not carried ofT in 
Aimes. Each kind of flxity is the result of a strong or in^ 
timatc cbhesigp between the particles* 

FLAM^i subtlest and brightest part of the fuel, 
ascending above it in a pyramidal figure^ and heated red* 


hot* Sir Isaac Newton defines flatne as only nd-hof 
smoke, or the vapour of any subslancc ruisccJ from it by 
fire*, and luated lo such a degree as to i init lii*ht copioublv. 
Is not flame, says Iso, a vapour, fuinr, or exhulaiion, 
healed reddiot; that is, s , hot as to slniK ? For bodns 
do not flame without omming a copious luit o; and this 
fume burns in the flame. I he i^nis fatuu> i' a vupoiir 
shining without lioat; and i*' there not the saiiu* dith ri nce 
betMtvii this vapour and flaims hi twu n rotten wocnl 
shining without lunit, ami biinung coaU of fire ? in dis- 
tj||iii2 hot spirits, il the head ol the still he taken otl, the 
vapour which ascends will take lire ;ii the flame of a can¬ 
dle, and turns into flame, ^oine bodies, hrated by motion 
or fermentutioli, if the heat grow intetiso, fume copiously; 
and it the heal be great en<mc>h, the lutm*' will shiiu*, 
and become flame. 1 Metals in fusion do nut tianie, for 
want of a copious fume. All flaming bodies, as oil, tallow, 
wax, wood, fossil coal, pitch, sulphur, ivc, bv burning, 
waste ill smoke, which at flr^t is lucitl; but at a little dis¬ 
tance from the bo<ly ceases to be $0, an<l only continues 
hot. Wlien iht' Hume is put out, the smoke is tliick, and 
frequently, smells strongly: but in the flame il loses ns 
smell; ami, according to the nature ot the fuel, the flame 
is pt diver** colours. TUh{ of sulphur and spirit oY wine is 
blue; that uf co[)pcr opened with sublimate, green; that 
of tallow, yellow; of camphirc, white; itc* Newton's 
Ojitics, pa* 318* 

FLAMbTEED (John), an eminent English nstv<mo- 
mcr, being indeed the first astronomer-royal, for whose 
use the royal oLVrvatory was built at Greenwich, thence 
called Flamsteed House. He was born at Denby in Der¬ 
byshire ihe 19th of August 1640*; and was educated at 
the fiee-school of Derby, when* his father lived. At 1 + 
years of age he was afllicted with a severe illness, which 
reiulereil Ills constitution tender ever after, and prevented 
hill) then from going to the university, for which he was 
iiiteiidod. lie nevertheless prosecuted bis school educa¬ 
tion with the best cflect; and, in l6()3, on quitting the 
grammar-school, he pursued the natural bent of hrs genius, 
which led him to the study of iislronoiny, and closely pur¬ 
sued Sacrubusco^s book DeSphtcra, which fell in his way, 
and thus laid the foundation of all that mathcinutical and 
astrdnomical knowledge, for which he became afterward 
so justly celebrated* He next procured more modern 
books on (he same subject, and among them Stre^lc's As- 
tronomia Carolina, then lately published, from which ho 
learned to calculate eclipses and the planets' places. Some 
of these being shown to Mr* llulton, u considerable ma¬ 
thematician, he lent him Uiccioli's Almogcstum Novum, 
and Kepler's Tabu!® Hudnlphin®, from which he gained 
much information* In 106'9» having calculated some re¬ 
markable eclipses of the moon, he sent them to lord 
Hrounckcr, president of the Royal Society, which were 
gn*aily approved by that learned body, and procured him 
u letter of thanks from Mr* Oldenburg ihcir secretary, and 
another from Mr. John Collins, with whom, and other 
learned men, Mr, Flamsteed for a long time afterwards 
kept up a correspondence by letters on literary subjects. 
In iCjOi his father, observing that he held correspondence 
with those ingenious persons, advised him to take a jour¬ 
ney to London, to make himself personally acquainted 
with them; an offer which he gladly embraced, and visited 
Mr. Oldcnbut^ and Mr* Collins, who introduced him to 
Sir Jonas Moore, which proved the means of his greatest 
honour and preferment* He here got the knowledge and« 
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practice of astronomical itistrumcuU, as telescopes, tui- 
cromelcrs, Sue: and on Ins return, he called at Cambridge, 
and visited Dr. Barrow, Newton, and other learned men 
thcrcj and entered himself a student of Jcsus-collc”C. In 
1672 he made many celcsfial observations, which, with 
calculations of appulses of the moon and planets to &xcd 
stars for the year following, he sctU to lilr. Oldenburg, 
who pul>lished them in the Philos. Trans. 

In 1673, Mr. riainsteed wrote a small tract on the true 
diameters of all the planets, when at their greaU-st and 
least distances from the earth ; which he lent to Newton 
in l6So, who made some use of it in the 4th book of his 
Frincipia.—In l6’74 he wrote aj> ephcmcris, to show the 
falsity of astrology, and the ignorance of those who pre¬ 
tended to it: with calculations of the moon's rising and 
setting; also occultatioiis and appulses of i*'.e moon and 
planets to tl>e (ixed stars. 'I’o which, at Sir Jonas Moore's 
recjuest, he added a table of the moon’s southings for that 
year; from which, and from Philips’s theory of the tides, 
the liigh-wuters being computed, he found the limes come 
very near. In l674 he also drew up an account of the 
tides, for the use of the king. Sir Jonas also showed the 
king, and the duke of York, some baromeicra and thermo- 
nletcrs that Mr. Flainstce-d had given him, with the neces¬ 
sary rules forjudging of the weather; and otherwise took 
every opportunity of speaking favourably of Flamsteed to 
them, till at length he brought him n warrant to be the 
king’s astronomer, with a salary of 100/. per annum, to be 
paid out of the office of Ordnance, because Sir Jonas was 
then surveyor general of the Ordnance. This howtver 
did not abate our author’s propensity for holy orders, and 
he was accordingly ordained at Lly by bishop Gunning. 

On the lOtb of August l()75, the foundation of the 
royal obseivatory at Grccnwicli was laid; and during 
the building of it, Mr. Flumstced’s temporary observatory 
was in the queen’s house, where he made his lobservations 
of the appulses of the moon and planets to the fixed stars, 
and wrote his Doctrine of the Sphere, which wus after¬ 
wards published by Sir Jonas Moure, in his System of the 
Muthemulics. 

About tlic year 1684 he was presented to the living of 
Burslow inSurrey,which he held ns lung as he lived. Mr. 
Flamsteed was equally reiprctcd by the great men his con- 
temporaries, and by those who succeeded him. Dr, Wot- 
tun, in his Reflections upon Ancient and Modern Learn¬ 
ing, styles our author one of the most accurate observers 
of tbc heavens, and says he calculated tables of thccclipsca 
of the several satellites, which proved very useful to the 
astronomers. And Mr. Molyncaux, in bis Dioptrica 
Nova, speaks very highly of his abilities; nml, in tbc ad¬ 
monition to the reader prefixed to the work,-observes, that 
the geometrical method of calculating a ray’s prugri'ss is 
quite new, and never before published; but for the first 
hint of it, says he, I must acknowledge myself obliged to 
my worthy friend Mr. Flamsteed. He wrote several small 
tracts, and had many pa|>ers inserted in the Philosophical 
TraiiHactions, in almost every volume, from the 4th to 
the 29ih, which arc too nuracruus to be particularly men¬ 
tioned in tliis place. 

But his great work, and that which contained the prin¬ 
cipal operations of his life, was the HistoriaCceh'stis Bri- 
taimic^, published in 172fi, in 3 large folio volumes, 
'i'hc first of which contains the.observations of Mr. Wil¬ 
liam Gascoigne, thu original inventor of the method of 
measuring angles in a telescope by means of screws, and 


the first who applied telescopiqal sights to astrononfftal 
instruments, lu obWvations made at Middleton, near 
Leeds in Yorkshire, between the years L638 and 1^43; 
extracted from his letters by Mr Crablrtx*; with some of 
Mr. Crabtree’s ubscrvalioiis ul>out the same lime; aod 
also those of Mr.Flainsticd hiiiise-lf, made at Derby be¬ 
tween the years 167O and 1675; besides a multitude of 
curious observations, and necessary tables to be Used 
with them, made at the royal observatory, bctwi'cn the 
years l675 and l6S9-—1 he 2d volume ceiituins bis ob¬ 
servations, made with a mural arch of near 7 feet radius, 
and 140 degrees on the limb, of the meridiuiiul zenith 
distances of the fixed stars, sun, moon, and planets, with 
their transits over the meridian ; also observations of the 
diameters of the sun and moon, with their eclipses, aud 
those of Jupiter’s satellites, and variations of liie compass, 
from 1689 to 1719* tables showing how to render 
the calculation of the places of the stars and planets easy 
and expeditious. To which arc added, the muon's place 
at her oppositions, quadratures, &c ; aLu the planets’ 
places, derived from the observations.—-The 3d volume 
contains a catalogue of the riglit-ascenvioiis, polar- 
distances, longitudes, and magnitudes of near 3000 fixed 
stars, with the corresponding variations of the same. To 
this volume is prefixed u preface, at consiilerablc length, 
containing an account of all ti.e asirntiomical ol>'( rvationa 
made before his time, with a di'scripliun of (he instruments 
employed; us nUo of his own ubKervutiuns and instru¬ 
ments ; a new Latin version of Pinlemy’s catalogue of 
1026 fixed stars; and DIegh-beig'u places annexed on the 
Latin page, with the coiructions: a smnil catalogue of 
the Arabs: Tycho Brahe’s of about 780 fixed stars: the 
Landgrave of Hesse’s of 386: Ilevelius's of 1534 : and a 
catalogue of some of the southern fixed stars nut visible 
in our hemisphere, calculated from the observations made 
by Dr. Halley at St. Hclcnn, adapted to the year 1726. 

This work be prt'pared in a great measure for the press, 
with mudh care and accuracy: but through a natural 
weakness of constitution, end the advance of age, -he died 
of a strangury before be had completed it, December the 
I9lh, 1719, at73yenrsofiigc; leaving the can of finish¬ 
ing and publishing his work to his friend Mr. Hodgson. 
*A less perfect edition of the Historia Ca-hstis bad ^ore 
been published, but without his consent, via, in 1712, 
in one volume folio, containing his observations to the 
year 1705. 

FLANK, in Fortification, is that part of the bastion 
reaching from the curtain to tbc face; anil it defends the 
-curtain, with the opposite face and Hunk. 

Okliqui or Second Flank, or Flank qf the CurToin, 
is that part of the curtain from' wliich the face of the op¬ 
posite bastion can be seqp, being contained between the 
lines rasant and.fichaot, or the greater and less lines of 
defence; or the part of the curtain between the flank and 
the point where the fichant line of defence terminates. 

Covered, l^w, or Retired Flamk, is the platform of 
the casemate, which lies hid in the bastion; and is olher- 
wite.called the orilion. - , * 

PieKoftt Flank, is that from which a cannon playing, 
fires directly on the face of the opposite bastioo. 

Ratant or Rataiu Flank, is the point from which the 
line of defence begins, from the conjunction of which 
with the curtain, the shot only raseth (he face of the 
next bastion, which happens when the face canhot be dis¬ 
covered but from tbc flanJi alone. 
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Simple FlakI^s, are lines going from the ^ngle of the 
shouhler to the curtain; ilic chief office of which is for 
the defence of the meat and place. 

Flank, is also a term of war, used by way of analogy 
for the side of a bauuHon, army, (<c, in concradislinction 
to the front and rear, bo, to attack the enemy in flank, 
a to discover and Are upon them on one :)idc» 

FLANKKU, i$ used of sometinng that has flanks, or 
may 6capproached on the flank. As 

Flanked Antfle, or lliat formed by the two faces of 
the bastion, and forming its point or angle. 

Flanked Line of Dejrnce^ Flankfo TettaiUe, &c. 

FLANKINO, in general, is the discovering nnd firing 
upon the side of a place, body, battalion, To flank 

a place, or other work, is to disjmbe it in such a manner 
as that every pait of it may be played upon both in front 
and rear. 

FLA'1' Dnsiion^ is that uhich is built on a right line, as 
on the middle of the curtain, ike. 

FLL'rC'llEH (AbuaHAM), nn ingenious niathcma* 
tician, \sm born at Little Broughton, in Cumberland, in 
and brought up in his fathers business, husbandry 
and tobacco-pipe making. He learned to read and write 
by his own endeavours, and afterwards taught himself 
arithmetic, and gradually the s<'vcral branches of mathe¬ 
matics, with botany, touching the medicinal qualities of 
herbs. At the age of ^0 he turned schoolmaster, to which 
profession was added those of astrologer and country 
doctor; in which, by means of industry and creonomy, 
the two handmaids of fortune,, he was enabled to leave 
his family in possession of 4000/. at his death, which 
happened in 1793* in the 79(h year of his age. Mr. 
Fletcher published, in 1752, an ingenious treatise, en¬ 
titled The Universal,Measurer, in one vol. 8vo ; which was 
afterwards (17^2) much enlarged and improved, under 
the title of'i'hc Universal Measurer and Mechanic, being 
a general collection of exercises in most of the matheina- 
ttcal £cienc<*$. 

FLEXIBLE, is the property or quality of a body chat 
may be bent. 

FLEXION, the same a$ Flexure* 

FLEXURE, or Flexion, is the bending or curving 
of a line or figun^ When a line first bends one way, and * 
then gradually changes to a bend the contrary way, the 
point where the two parts join, or where the bending 
changes to the other side, is called the point of inflexion, 
or of contrary flexure. 

FLIE, orFLY, chatpartuf the mariner’s compass on 
which the 32 points of the wind are drawn, and over 
which the needle is placed, and fastened underneath. 

FLOAl-fio^ir^f, the boards fixed to the outer rim of 
undershot water-wheels, serving to iX'Ccivc the impulse of 
the stream, by which the wheel is carried found.^Therc 
may be too m; ny of thm* boards ou a wheel. It is 
thought to be the best rule,^tu have their distance asunder 
such, that each of them may come out of the water as 
soon as poMiblc, after tc has received and acted with its 
full imptilse; or, which comes to the same thing, when 
the succeeding one is in a direction perpendicular to the 
surface of the water. 

Floating Bridge^ is a bridge of boats, casks, &c, 
covered witl^planks, firmly bound together for the pas¬ 
sage of men, horses, or carriages, &c. 

FLOOD, a deluge or muodation of water. 


Flood, is also used in speaking of the tide, when it 
is rising or flowing up; in contradistinction to the cbh^ 
^which IS when it is decreasing or running out 

FLOORING, in Carpentry, is c^^mmonly under 5 ( 0 ()d 
of (be bciarding of the floors, the measure men I of flooring 
is estimated in squares, of 100 square ftet each, or of 10 
feet on each side every way; 10 times 10 being 100. 
Hence, the length of the floor being multiplied by its 
breadth, in feet, and two figures cut on (fle liglit- 
hand, gives the squares, and feet, <ir decimals cut'^nfl*. 
Thus, u floor being 22 feet lung, and i6 wide; then 
22 X 16 = 332 square feet, or 3*52 5cjuari*s, the content. 

FLU1‘.N1\ or Lfoivwg Suonaty^ in (he Hociriiie of 
Fluxions, is the variable quantity which is considered a< 
increasing or decreasing ; or the fluent of a given fluxion, 
is (hat quantity whose fluxion being taken, according to 
the rules of that calculus, shall be the same with the given 
fluxion. See Fluxions. 

Cw:/empornry Flvlnts, are such as flow together or 
for the same tinic. AncI the sumo is to be understood of 
contemporary fluxions.—When contemporary fluents are 
always equal, or in any con?.lani ratio; then also are 
Iheir fluxions respectively either equal, or in that same 
constant ratio. That is, if j sy, then is i* = y ; or if 
j :y : : n : 1, then is i : n : t ; or if x = ny, then is 

It is easy to find the fluxions to all the given forms of 
fluents; but, on the contrary, it is diflicult to find the 
fluents of many given fluxions; and indeed there are 
numbcrh*ss cases In which this cannot bo effected, except 
it bo by the quadrature nnd i\*c(itication of curve lines, 
or by logarithms, or infinite series. 

This doctrine, fifbl invented by Sir Isaac New ton, was 
carried by him to a considerable degree of perfection, af 
least as to the most frequent, and most useful forms of 
fluc^nts; ns may be seen in his Fluxions, and in his Qua- 
draturi'ot Curves. Maclaurin, in bis Treatise of Fluxions, 
has made several inquiries into fluents, reducible to the 
rectifictition of (he ellipse and hyperbola: und Dalom- 
bert has pursued the same subject, and carried it farther, 
in the Memoircs deTAcad. dc Berlin, torn. 2. p. 200. To 
the celebrated M.Kulcr this doctrine is greatly indebted, 
in many parts of his Various writings, os well us in (he In- 
stitutio Calculi Intogralis, in 3 vols 4to, Petr. 1768. 
The ingenious Mr. Cotes contributed very much to this 
doctrine, in his Plarinonia Mensurarum, concerning the 
measures of ratios and angles, in a large collection of dif¬ 
ferent forms of fluxions, with ihcir corresponding fluents ; 
which was farther prosecuted in the same way by Walmes^ 
Icy, in his Analyse des Mesuns dcs Rupporles et des 
Angles, a large vol. in 4to, 1749. Besides many other 
authors who, by tlieir ingenious labours, have greatly 
contributed to facilitate and extend the doctrine of fluents; 
as Emerson, Simplon, Landen, Waring, &c, in this 
Country ; lll6pital, an<l imiiiy other learned foreigners* 
lastly, in 17fl3 was published at Vienna, by M. Paccassi, 
aGcrman nobleman, Udhandlung ubor enic ncue Methodc 
2 U Inlcgriren, bt*ing n method of integrating, or finding 
the fluvnts of given fluxions, by the rub's of the direct 
method, or by taking again the fluxion^f the given 
fluxion, or the 2d fluxion of the fluent songnt; and then 
making every Aovving quantity, itsflu.sioii, and 2d fluxion, 
in geometrical progression; a mclbod however, which, it 
seems, only holds true in the easiest cases or forms, whose 
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Hucnls arc ca<%ily liad by ihc most common methods: vuriaUe qunniilicst hoping the Jh^m of each multiplied by 
and which nearly rt-scmblcs the method employed by Clui- the other quantity or quantities: a akc the fluent of each 
raut, in treating what he called Lqiiations of Condition^ , term, as if there was only one variable quantity in it. 


As it is only in certain particular forms and eases that 
the fluents of given llu.vionscan he found; there being no 
method of performing this universally a priori, by a direct 
invcstigutiiin, like liiiding the fluxion of a given fluent 
quantity ; we can do little more than lay down a few 
rules for such forms of fluxions as are known, from the 
direct method, to belong to such ainl such kinds of fluents 
or flowing quantities : and these rules, it is evident, must 
chiefly consist in performing sueli operations as arc the 
reverse of those by which the fluxions arc found to given 
flowing (juaulities. The principal eases of which are as 
follow : 

I. To find the Tluent of a simple fiuxionx or that in 
whicfi there is no variable <|uaiUity, and only onefluxionai 


namely that whose fluxion is contained in it, supposing 
all the others to be constant in that term ; then if the 
fluents of all the terms so found, be the very same quan¬ 
tity, that quantity will be the fluent of the whole.us 
if the given fluxion be xp -h xy. Then, the fluent of iy 
is xy, supposingy constant; and the fluent of xjf is also 
when X is constant; therefore the common resulting 
quantity xy is the required fluent of the given fluxion 
xy xy. . • 

And, in like manner, the fluent of 
iyz -h xjfz -h xyi, is xyz. 

V, When the givm Jiuxional expression it in this form 
vis, a fraction including (wo quantities, being the 


xy-:ry 

y 


quantity. This is done by barely substituting the variable f^^xion of the former drawn into ()ie latter, minus the fusion 


or flowing quantity instead of its fluxion, and is tlie result 
or reverse i»f the natation only. Thus, 

Tlie fluent of ax is ox, 

'Die fluent of aj is ny h- 2y. 

li. When any power of a flowing quantity is multiplied 
hy the fluxion of the root. Tlien, having substituted, as be* 
fore, the flowing quantity for its fluxion, divide the result 
by the new imlcx of the power. Or, which is the same 
tiling, take out, or divide by, the fluxion of (he root^ add. 
1 Ki the index of the power; and divide by tbc index so 
increased. 

So if the fluxion proposed be * Sx^xi 
Strike out x, then it is * - - Sx’; 

add I to the index, and it is * 3x^; 

divide by the index 6, und it is * or fx^; 
w hich is the fluent of the proposed fluxion 3x*x. 

In like manner, the fluent 
of 4axx is 2«x*; 

t 

is - 2x^; 


of 


of ax'^je is - 


n 


of 

of 


p- or t IS — 2 •or —. 

of («’ -h is ^ (a’ -t- z^)*. 

HI. ff'hen the root under a vinculum i$ a compound quan¬ 
tity ; and the index of the part or factor without the rtneu- 
lum increased hy \, is some multiple qf that under the vincu¬ 
lum: Put a single variable Iftu-r for the compound root; 
and substitute its powers and fluxion instead of thoso» of of 
the same value, in the given quantity; so will it bo re* 
duced to a simpler form, to which the preceding rule can 
then be applied. 

Thus, if the given fluxion be P = (o* -t- where 

3, the index of the quantity without the vinculuin, in¬ 
creased by 1, makes 4, which is double of2, the exponent 


qf the latter drawn into the former, and divided by the square 

of the latter: then the fluent is tlie fractionor of the 

y 

former quantity divided by the latter. That is, 

The fluent of js 

and the fluent of ~ is il, 

y . y 

Though the examples of this case may be performed 
by the foregoing one. Thus the give'u fluxion 

reduces to ^ or - - Xjy^; 

of which the fluent of - is - when y is constant; and 

the fluent of Jjy~* is xy"* or - when x is constant; 

and therefore, by that case, 

- is the fluent of the whole 
y 

VI. ffhen the fluxion qf a quantity is divided by the 
quantity iise{f: Then the fluent is equal to the hyperbolic 
logarithm of that quantity; or, which is the same thing, 
the fluent is equal to 2 30268509 &c, multiplied by iha 
common log. of the same quantity. 

So, the fluent 

— or X"* X is the hyp. log. of x; 


X 

OX 


of 

of 


_ is 2 X ~ ’ 

I 

is a X h. 1. of X, or h. 1. of x^; 
is the h. 1. of a 


X 

ax 

X 

# 

X 


a 4- « 
ar>x 


+ X 


is the h. 1. of « x*. 




of X* witliin the same; therefore putting r = «* 
thence x* = t — a*, and its fluxion is 2xx=«; hence 
then 

or (n’ 

1 

ToVi ; Ri)(|fluent of each term gives 

•'. = =7 — tV*): or. hy substitu- 

ting the value of s instead of it, the same fluent is 

- A»’). or (o’+ . (x'-ia’). 

IV. irfien there are several terms involving two or wore 


x’x = \x*i = |i and the given quantity p 

I* is — (e _ or — _ 

and ihc fluini 


Vll. Many fluents may bo found by the direct method 
of fluxions, ihts: Take the fluxion again of the given 
fluxionnl expression, or the 2cl fluxion, of^ the fluent 

sought; into which substitute ^ for x, **"*1'“ fory, &c, 

that is, make x, x, Jt, as also y, y, jf, &c, in continual pr^ 
portion, or x : x ; : x : x, and y'.yt’f’Sf* 
vide the square of the given fluxional expression by the 
2d fluxion, just found, and ihc quotient will be the fluent 
sought in many cases. 

Or the same rule may be otherwise delivered thus: In the 
pven fluxion p, write x for x, y for_^, &c, and call the 
result G, taking also the fluxion of this quantity, o; then 
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make g : p : : c ; f, so shall the -Hh proportional p be 
the fluent as |)cfore. And this is the rule of M. Pac- 
cassi. 

It|pny be proved whether this be the true fluent, by 
^ing the fluxion of it again, which, if it agree with the 
proposed fluxion, will show that the fluent is right j other¬ 
wise, it is not. 

I Thus, if it bgjiipDposed to find the fluent of 
Here F write first X for X, and ilisnx'‘"*x or 

nr“ = o; the fluxion of this is c 


n-1 • . 


; thci^TC 

0 : p : : c : r becomes i : : x® = f 

the fluent sought. ^ ^ 

Again, suppose it be proposed to find the fluent o fiy 

r*" Here T xy; lien, wriAg x for x, and y 

forjf it is xy ^ xy or 2xy ^ c; the fluxion of which is 
2iy 2xr = o; then g ; p : : o : p becomes 2xy -h 2xj 


: xy ^ xy : : 2xy : zy ^ r, the fluent sought. Sec also 
CoKDiTioy, E(/tiuUons of. 

VIII. To ^/ind Fiuents hy mtans of a table of forms of 
Fltixions and Fluents. 

Ill the tollowing table arc contained the most usual 
forms of fluxions that occur in the practical solution of 
problems, with their corf^pojubng fiueius set opposite to 
them; by means of %'luch, viycomparing any proposed 
fluxion with the corresponding form here, tlic (luciit of it 
will be found. 

Where it is to be noted, that the logaiithms in the said 
forms, are the hyperbolic ones, which arc found by multi¬ 
plying the common logs, by 2-3023850y29C)40 6cc. Also • 
the arcs whose sine, or tangent, &c, arc mentioned, liave 
ithc radius 1, and arc those in the common tables of sines, 
tangents, &c.—And the numbers w, n, 6tc. arc to be some 
quantities, as the forms fail when n = 0, or m s 0, Uc. 


Forms, 

i7ux/o»w. 

Fluents, 

n 


ix" 

n 

II 

(a±x^) X X 

mn 

III 

IDO ^ 1 . 

X tr 

ID + 1 

Ca±*’*) % 

1 x““ g- 

mna (a ± x*)® ^ 

IV 

(o±i")““'x 

Dn + X 

X 

- 1 (a ± i“)“ 

mna x®* 

V 

/ . .. m-“i D —1 

(fnxy ^n 2 y)x y , 

.mx nj 

or (—- H- —) X® v“ 


VI 

D*^l . 0—1 • r —1 

mz X, 

OT(mxyZ-t-ni^^Wyz.)x°‘ ***”*, 

.mi nr r». 

or (— + .i x»ny»tt 

• ... 

It 

VII -orx"*x 

X 

log. of X 

VIII 

n-l^ 

* X 

o ± 

1 ^ • 

± — log. of O ± i" 
n 

• 

IX 

* ” . 
a ± . 

1 . 

—lofi. of-:-r 

no ^ a± *“ 

X 

An— 1 . 

X X 

0 — *» 

x" — a - ' 

1 . ,^/a-^-^/x» 

„^a ^ Vo -V*“* 

1 , * 
n^a H-v'a ^ 

t 

XI 

1 

Voi, 

4 n — 1 . * 

X* X 

a x" * ' 

I. 

2 .*“1 . a — x“ 

— 7 — X arc to tang. V—, or — 7 — x arc to cojine r——j 
nx/a ° ’ a' n^a , w -+- x» 
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Forms. 


XU 


Xlll 


XIV 


XV 


XVI 


XVII 


XVIII 


XIX 


XX 


Fluxions. 

4n — 1 . 

X X 

v/(± n X’') 


v/(« - J") 

1 

v/(«±x") 

— I . 

X X 

v/(- 

X 


xv^(r/x-x*) 

iy(u* -X*) 

c«x 

log. y V 

1 

(a -1- x") "X X 

Putting 1 =s m-h r 


Fluents. 


n 


log. of v/-*" ^/(i ® **) 


2 . ,1" 1 . 2j“ 

X arc to SID. Vor — X arc to vers,— 
n n n u 




’ log. of 


n^a 


V^o -t-v/'(o± r-) 


2 ' ^ 2 • ' a 

—* arc to secant v'—• or —~ % arc to cosine —, 

fly'O o fly/a 

1 . 2a — 4:» 

or —r- ^ arc to cosine- 

ny/a 


— X arc to diam. d, and vcrs» x 
a 


^circ. scg« to diam. d and vcra» x 
^ circ. 7 onCf rad. a, and height fron^entre x 



rn^c 


n log. c 


y' 


IQ+ I m—n 

X (i 

ns '1 

m +1 

(a-hx^) ,1 


r — 1.0 

4 + 1. l“ 


r — l.r — 2 . 0 * 
• - 1.4- 2 ^*“ 

4 + 1.4 -f- 2.**" 


r—l.r— 2 .r— 3 . 0 *, . 


or 


rna 


4+L4+2j-t-3^ 
r 4 - 1.0 ^ r -t- Ix-t- 2.0* r-»-l.r-t-2.r + 3.a* 


&c). 


The Use of the foregoing Table of Fbrm 4 of Fluxions and 
Fluents.—In the use ofl^is table, it is to be observed, tlint 
the first column serves only to show the number of the 
form, os a mark ofrcfeif nco: in the 2 d column arc the 
several forms of fluxions, which arc of difl'erent kinds or 
classes; and in the 3d or lust column arc the correspond¬ 
ing fluents. ^ 

The method of using th 6 vJtablc is this. Having any 
fluxion given, whose fluent it Is proposed to find: FirsU 
compare the given flu.xion withlhc several forms of fliixioiw 
in the 2 d column of the (able, till one of the forms be 
found that agrees with it; which is donq by comparing 
the terms of the given fluxion with the like parts of the 
tabular fluxion, viz, the radical quantity of the one, with 
that of the other; and the exponents of the variable quan¬ 
tities of each, both within and without the vinculum; all 
which, being found to ^rec or correspond, will give the 
particular values of the general quantities in the tabular 
form. Then substitute these particular values, for the 
same quantities in the general or tabular form of the fluent, 
and the result will be the particular fluent sought; after 
it- is multiplied.by any cocflicicnt tbd proposed fluxion may 
have. 

ForEx^tple^To findthefluentof thcfluxional expression 
3zlx. This agrees with the first form; and by compa¬ 
ring thefluxions, it appears that x s x, and n — i = or 


n sy; which being substituted in the tabular fluent, or 
’ j", gives, after multiplying by yhe coefficient, 3 x |xT 

or ^ * for the fluent sought. 

AgainfiTo find the fluent of Sr^yc^—x’, or 5x*jr 

(c““ This belongs to the 2d form; for o =: c*, and 
— x" = — x^, n s= 3 under the vinculum, and 
or m = 4 » exponent n — 1 of i""* without ^ the 

vinculum, by using 3 for n, isn — 1 =2, which u^ces 
with X* in the fluxion given; and therefore all the parts of 
the form are found to answer. Then, substituting these 

values into the general fluent, “ ^ (® — 

Thirdly, To find the fluent of 7 ^* This agrees with 

the 8 lh form; where i x’* = •»■ x* in the denominator, 
orn=s3; and thcnumeralorx*"* then beeves x*, which 
agrees with the numerator in thogivenfluxid'^also o = 1 . 
Hence then, by substituting in the genjlral form of the 

fluent - logarithm of a + a#*, it Becomes } logarithm of 
1 + x\ 

IX. Thfnd Fluents }y means ef Infinite SertM.—When a 
finite form cannot be found to agree with a proposed 
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fluxion, it is then usual to throw it info an infinite series, 
eilber by division, or extraction of rooTs, or by the bino¬ 
mial theorem, &c; afterwhich, the fluents of all the terms 
are taken separately. 

Faf\£,x(impU. To find the tluont of-—ui, Here. 

1 4- X — 

by dividing the numerator by the <lenominator, this be¬ 
comes — 2 jx -t- 3j‘x -7 4- Ccc ; and, the fluents 

of all the terms being taken,*givex — x* -h ^ x^ 

&c, for the fluent sought. 

To Correct a Fluent.—T he fluent of a given fluxion, 
found as above, sometimes wants a correction, to make it 
contemporury with that rcijuired by the problem under 
consideration, &c : for the fluent of any given fluxion, as 
■», may be either x (which is found by the rule) or it may 
box ± e, that is xplus or minus some constant quantity 
cj because both x and x ± c have the same fluxion x : and 
the finding of this constant quaiitily c, is called correcting 
the fluent. Now this correction is to be determined from 
the nature of the problem in hand, by which iiumds to 
know the relation which the fluent quantities Imvc tocach 
other at some certain point or lime. Reduce therefore 
the general fluential equation, found by the rules above, 
to that point or time ; then if the equation be true at that 
point, it is correct; but if not, it wants a correction, and 
the quantity of that correction is the diflerence between 
the two general sides of the equation when reduced to that 
particular state. Hence the general rule for the correc* 
tion is this: 

Connect the constant, but indeterminate, quantity c, 
with one side of the fluential equation, as determined by 
the foregoing rules; and, in this equation, substitute for* 
Mm variable quantities such values as they arc known to 
have at any particular state, place, or time; and then 
from that particular state of the equation find the value 
ofe, the constant quantity of the correction. 

Eiamplc. To find the correct fluent of * s First 

the general fluent of this is s s ^ ~ ^ 

taking in the correction c.—Now if it known that 2 and 
X begin together, or that z = 0, when x ^ 0; then writing 
0 both forX and s, the general equation becomes 0=0 4* c, 
or cbO; so that, the value of c being 0, the correct 
fluents are z = ^ax\ 

But if when z = 0, x = 6, any known quantity; then 
substituting 0 foiez, and 6 for x, in the general equation, 
it becomes 0 s -h c, from which is found c = —> inb*; 
and this being wiiUen for it in the gcnerul equation, this' 
becomes z =^(x^ — 6^), for the correct, or contemporary 
fluwts. 

Or lastly, if it be known that when s = <Lx=sbi then 
substituting d for z, and b for x, in the general fluential 
equation z ^ c, it becomes d = ^b* c; and 

hence is deduced the value of the correction, viz, 

^ —d —consequently, writing this valuQ^ibrc in 
tbegopcral equation, it becomes z = ^^(x^ — 6*) h- d,/or 
the correct equation of the fluents in this case. 

And hence arises another easy and genctal way of cor« 
recting the fluents, which is this: In the general equation 
of the fluent^writethe particular values of the quantities 
which they m known to have at any certain time; then 
subtract the liOfs of the resulting particular equadon* 
froro the correspondingisidcs of the general one, and the 
remainders will give the correct equation of the Buents 
sought. So,asabove 4 

<he genera] equation being > . • e =s ax*i 

write d for x, and b for j, then * d = ab*} 


hence by subtraction - - 2 d = f.r* ~ n>.\ 

•• •: =/>x* — t/, 

the correct fluents as beiore.—See other methods ol liii.uf.g 
o rtransformine flucii's, in mv Cour-c r i M.ithematics. 

FLUID, or I i.rii) lioUy, uctor.'i , : i . Ncwtuii, is tlut 
whose parts yield to the sinalk-st lou .^.r.re.-jed, and by 
yielding are easily iiv-ved among (ach c tlu r; in whtc'i 
sense it stands opposed to a -olid. I i,is is the definiii* n 
of a perfect fluid: jf the fluid icquire ><i|iii' sensible kTCC 
to move its purt^, it i'> iniiH-n'i-ct in proporiitjn t<i that 
force ; and suCh perhaps are all the fliiids \vc kii<<w of in 
nature. Si*e Fluiditv. 

That fluids base vacuities in their substance is evident, 
because certain bodies ni;iy be dissolved in them without 
increasing their bulk. 'I’hus, water will dissolve a ceriain 
quantity of salt; after which it will receive a little sugar, 
and after that a little aliiin ; and all this without inrreas* 
ing its first dimensions. Which shows that the panicles 
of these solids are so far separated as to become smaller 
than those of the fluid, and to he received and contained 
in the interstices between them. 

Fluids are eilln r clastic, such as air; or non-elastic, ns 
water, mercury, iS:c. These latter occupy the same space, 
or are of the same bulk, under all pressures or forces ; but 
the former dilate and expand themselves continually by 
taking off the external prv*ssure from them; for which 
reason it is that the density and elasticity of such fluids, 
arc proportional.to the force or weight that compresses 
them. The doctrine and laws of fluids are of the greatest 
exu-nt anti importance in philosophy : the properties of 
clastic fluids constituting the doctrine of Pneumatics; 
those of the non-elastic fluids, that of Hydrostatics ; and 
the laws of their motions, Hydraulics. For which see these 
respective articles.—For the laws of the pressure and gra¬ 
vitation in fluids specifically heavier or lighter than the bo¬ 
dies immorgtd, see Srp.civic Gravity. —F<)r the laws of 
the rcsistaucc of fluids, or the retardation of solid bodies 
moving in fluids, sec Resistance. —For the ascent of 
fluids ill capillui^y tubes, or belvveen glass planes, 6cc, see 
Ascent, and Capillary ‘ 

FLUTES, or Flutinos, are certain channels or cavi¬ 
ties cut along the ahafl of a column, or pilaster. 

FLUl DIIY, that state or affection of bodies, which de- 
iiominaU*s or renders them fluid; or that property by 
which they yield to the smallest force impressed: in con¬ 
tradistinction to solidity or flrnincss. Fluidityis to becarc- 
fully distinguished from liquidity or humidity, which lat¬ 
ter implies wetting or adhering. Thus, air, ether, mer¬ 
cury, and other melted metals, and even $muke and flume 
itself, arc fluid bodies, but not liquid ones; while water, 
beer, milk, urine, &c, arc both fluids and liquids at the 
same time. 

The nature and causes of fluidity have been variously 
a.5signcd. The Gassendists, and ancient corpuscularians, 
require only three conditions as necessary to it; vii, a 
smallness and smoothness of the particles of the body, ' 
vacuities between these particles, each of which being a 
spherical .figure. The Cartesians, and after them Dr. 
Hooke, Mr. Doyle, &c, besides these circumstances, re¬ 
quire also a certain internal or intestine motion of the 
particles, at chiefly contributing to fluidity. Thus, Mr. 
Boyle, ill his History of Fluidity, argues from various ex¬ 
periments : for example, a little dry powder of alabaster, 
or plaster of Paris, finely sifted, being put into a vessel 
orer the fire, soon begins to boil like water; exhibiting all 
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the ns plionomcnn of a boilins licjwr: it lumblcs 
\.nV in great u n \ks ; will bear stirring W'ith a '•lick or 
, witlujut ri‘‘*isiutg; anil if strongly sliiTCil luar the 
nW' of (he vessel, its \savc$ will a|)parcutly dash acaiii'l it, 
til ns riscinbliiig (lit* boiling uf'Miter; jet it is all (he while 
a dry parcht'cl powder. 

'1 h<* vanu is ohser'id in san<l; a of which being set 
on a ilruui’htad* briskly beaten l^y tlie slicks, or on the 
upper si<»no of a mill, it in all rcsjiecls cinulalos the pro- 
periiiN of a iluid body. A lieasy body, gr. will iinine* 
ilialcly sink in ii to the bottom, and alight one emirgc to 
(he tup: each giain of ^and has a consluiU Mbrutory and 
dancing moiirtn; and if a hole be made in the side of the 
dish« the sand will spin otit like svaicr. 

The UaiUNians bring divers considerations to prove that 
ihe |>arls of fluids aic in conlintiai inolion: as Ut, The 
change of solids into fluids. cN.gr. ice into water, and vice 
versa; the chief ditTcrvnce between the body in those two 
Stales consisling in tliis, (hat the part', being fixed and at 
rest in the one, re>ist the touch; whereas in the other, 
being already in motion, tlicy give way to (he slightest im¬ 
pulse. idly, The effects of fluids, which commonly pro¬ 
ceed ffuni motion: such are the insinuation of fluids among 
the pons of bodies; (he softening and dissolving hard bo¬ 
dies; ttic actions of corrosive inenstruums; &c: to'vhich 
tlicy add, that no solid can be brought to a state of ffu- 
idily, without the'intervention of some moving or move- 
aide body, as fire, air, or water. Air, these philosophers 
hold to be the first spring of the causes of iluidity, it being 
this that gives motion to fire and water, though itself re¬ 
ceives its motion and action from the ether, or subtile me¬ 
dium. 

But Roerhaave pleads strenuously that fire is the first 
mover, and the great cause of all tlindiiy in other bodies, 
as air, water, &c : without this, he says, that'the atmo¬ 
sphere itself would fix into one solid mass. And in like 
iiiHnncr, Dr. Black, of L<linburgh, mentions Huidity as an 
offcci of heat. The different degrees of heat which arc rc- 
<iuircd to bring different bodies into a st^|c of fluidity, he 
Mippiises may depend on some particulars iu the mixture 
and composition of the bodies themselves: which is ren¬ 
dered farther probable from consideting that the natural 
state of bodies in (his respect is changed by certain mix¬ 
tures; thus, when two metals are compoun<led, (he mixture 
is commonly more fusible than either of them separately. 

Newton’s idea of the cause of Iluidity is different: he 
considers it to bo the great principle of attraction. The 
various intestine motion and agitation among the particles 
pf ffuid bodics,ihe thinks is naturally accounted for, by 
supposing it u primary law of nature, that as all the par- 
licU'S of matter attract each other when within a certain 
distance; so at all greater distances, they avoid and fly 
from one another. For then, though their common 
gravity, together with the pfcssure of other bodies upon 
themi may keep them toeether in a mass, yet tbeir con¬ 
tinual endeavour to avoid one another singly, and the ad¬ 
ventitious iyipul^s of heat and light, or other external 
causes, may make the particles of fluids contstiually move 
round each other, and so produce this quality. lAs there¬ 
fore the cause of cohesion of the parts of solid bodies ap¬ 
pears to be their mutual attraction; so, on this priti^ple, 
the chief cause of fluidity seems to be a contrary motion,im- 
jircssed on the particles of fluids; by which they avoid and 
fly from each other,as soon os they come at, and os long as 
tlioy keep at, u cortaio distance. It is observed also in 



all fluids, that tb^irection of tbeir pressure agato^t the 
vi'ssels which colnin them, is in lines perpcndicolar to 
the sides of such vessels; which property, being the ne¬ 
cessary result of the spherical figure of the particles of any 
fluid, shows that the parts of all fluids are so, or of ^.figure 
very nearly appre^aching to it. 

l*'LUX,in Hydrography, a regular and periodical motion 
of the sea, happening twice hours and 48 minutes, 

norirly. The flux, or fl*iw, is one of the motions of (he 
tide: the other, by which the water sinks and retires, being 
called the reflux, or ebb. Sec Tide. 

Bc(w<en the flux and reflux there is a kind of rest or 
cessation, of about half an hour; during which lime the 
water is at its greatest height, called high-water. 

The flux of the sea follows chicflylhe course of the (noon; 
and is always liighest and greatest at new and full moons, 
particularly near the time of the equinoxes. In some ports, 
as at Mount St. Michael, the water rise's 18 or 20 feer, 
though in the open sea it never rises above a fool or two; 
and in some places,,us about the Morca, (here is no flux at 
all. U runs up some rivers above 120 miles : though up 
the river Thames it goes only about 80, viz, near to Kings¬ 
ton in Surrey. Above London*bridge, the water flows 4 
hours, and ebbs 8; and below the bridge, it flows 5 hours, 
and ebbs 7. 

FLUXION, in the Newtonian analysis, denotes the rale 
or propordon at which a flowing' or varying quantity in¬ 
creases its magnitude or quantity; and it is proportional 
to tlic magnitude by which the flowing quantity would be 
uniformly increased, in tf given time, hy the generating 
quantity continuing of the invariable magnitude it has at 
the moment of time for which the fluxion is taken: 
by which it stands contradistinguished from fluent, or the 
ffo>v*jng quantity, which is gradually, and indefinitely in- 
cqJasiT^* after the manner of a space which a body in mo¬ 
tion describes.' 

Mr. ^Ipipson observes, that there is an advantage In 
thus considering fluxions, not as mere velocities of increase 
at a certain point, but as,the magnitudes which would be 
uniformly gencnited in a given finite time : the imagina¬ 
tion is not here confined to a single point, and the higher 
orders of flu.xions arc rendered much more easy and inlcl- 
ligible. And tiiough Sir Isaac Newton defines fluxions 
to be the velocities of motions, yet he has recourse to the 
moments or increments, generated in ^ual particles of 
time, to determine those velocities, which he afterwards 
directs to expound by finite magnitude's of other kinds. As 
to the illustration of this definition, and the rules for ^fl¬ 
ing the fluxions of all sorts of flowing quantities, seoltbe 
following article, or the Method of Fluxions. 

Method Fluxions, is the olgorithm and analysis of 
fluxions and fluents, or flowing quantiUes« Most foreign¬ 
ers dfi^nc this as the method of differences or differentials, 
bci^[he analysis of indefinitely small quantities. But 
IwRon, and other English authon call these infinitely 
small qnantitic;, moments; considering them as the mo¬ 
mentary increments of variable quantities; as of a line con¬ 
sidered as generated by the flux or motion of a point, or of 
a surface generated by the flux of a line. |Accnrding(yt 
the variable quantities are catted fluents, or*w(ng quan¬ 
tities; and the method of finding either tile fluxion, or the 
fluent, the method of fluxioiy. B A M. l^eibnitj considen 
the same infinitely small quantities os the differences, or 
Idiffercntials, of quantities; and the method of finding thw 
differences, he calls the Differential Calcolust Besides 
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Hl'tliis difference in tlie name, there is another in the nota¬ 
tion. Newton expresses the fluxion of a quantity, as of r, 
' by a point placed over it, thus a-; while Leibnitz'exprcsses 
his differential of the same t, by prefixing the initial letter 
</, usdx. And excojit in these circumstances, the two 
methods may be considered as the same. 

The Method of Fluxions is probably one of the grc.it-' 
est, most subtle, and sublime <li'Covories of any age: it 
opens a new world to our view, and extends our know¬ 
ledge, as it wore, to infinity; carrying us beyoinl the 
bounds that seeine<l to have been proscribed to the human 
mind,at least infinitelv beyond those to which the ancient 
geometry was confined. 

The hist-iry of this iinp^^tant discovery, recent as it is, 
is a little dark and emoroiled. Two of the greatest men 
of the last age Imvc both of them claimed the invention, 
Sir 1. Newton, and .M. Leibnitz; and nothing can be more 
glorious for the method itself, than the zeal with which 
the partisans of either side hare asserU'd their title. 

To exhibit ajust view of this dispute; and of the pre¬ 
tensions of each party, we may here advert to the origin of 
the discovery, and mark where each claim commenced, 
and how it was supported. 

The principles on which the Method of Fluxions is 
founded, or which cunduclt-d to it, had been laying, and 
gradually «leveloping,tfrom the beginning of the 17 th cen- 
tury, by Fermat, Najiier, Ban ow,Wallis, Slusius, &c, who 
had methoils of drawing tangents, of maxima and minima, 
of quadratures, &c, in certain particular ca-ses, as of ra¬ 
tional quuiitUics, on nearly the same principles. And it 
was not wonderful that such u genius as Newton should 
soon after raise those faint beginnings into a regular and 
general system of science, which he did about the year 
1605, or sooner. 

The first time however that the method appenreJ in 
print, w as in 1084, when M. I.X’ibnilz gave the rules of it 
ill the Leipsic Acts of that year: but without the demon¬ 
strations. The two brothers however, John and James 
Bernoulli, being struck with this new method, applied 
themselves diligently to it, found out the dcraonstratioiis, 
and applied the calculus with great success. jfe 

But before this, M. Leibnitz Iia^proposcd his ^ffier- 
ciitial Method, viz, in a letter, dated Jan. 21, 1077, in 
which he exactly pursues Dr. Barrow’s method of tan¬ 
gents, that had been published in 1070; and Newton com¬ 
municated his method of drawing tangents to Mr. Collins, 
jin a letter dated Dec. 10, 1072; which letter, together 
with another dated June 13, 1070, were sent to M. Leib¬ 
nitz by Mr. Oldenburgh, in 1070. So that there is a 
strong presumption that he might avail himselfot the in¬ 
formation contained in these letters, and other papers 
transmitted with them, and also in 1075, before the pub¬ 
lication of his own letter, containing the first hint of his 
differential method. Indeed it sufficiently appears that 
Newton had invented his method before the year 1009, and 
that he actaaily'madc use of it in bis Compendium of 
Analysis atid Quadrature of Curves before that time. His 
attention seems to have been directed this way, even be- 
fwc the time of the plague which happened in London in 
1005 and 1000, when he was about 28 years of age. 

This is all that is beard of the method, till the year 
1087, when Newton's great work the Principia appeared, 
which is almost wholly founded on the same calculus. 
ITic common opinion then was, that Newton and LcibniU 
had each invented it about the same time: and what 
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seemed tn confirm it was that neither of them made any 
mention of the oth< r ; and that, though they agreed in ihe 
substance of the thing, y< t they iliffered in their ways of 
iconceiving it, calling it by diftVnnt names, and UMiig dif- 
ferent characters. However, foreigners liavins lirst learnetl 
the method through the mtdinm of Lejbnirz’s publication, 
which spread the inethod ihrougli llurr.pe, tl.ev Mere in- 
seii'ibly accustomed to consider him as tl.e sole, or prin¬ 
cipal inventor, and became ever alt. i prejudiced 

in tavuur of his notation and inode of conee:i ing ii. 

The two groatauthoi^ thcrnsches, Miihoiitany seeming 
concern, or disjjute, ns to the property of th,. invention” 
enjoyed the glorious prospect of the |>r<.gressi.s continually 
iiiakiiig under their auspiew, till the year ifiyy, uhiii 
the peace began to bedisturbed. 

M. Facio, in a treatise on the Line of Swiftest I)i-sr<-nt, 
declared, that he was obliged to own Newton as the first 
inventor of the differential calculus, and the first by many 
years; and that he left the world to judge, whether Lmli- 
niiz, the second inventor, had taken any thing from him. 
This precise <listiDction between first and second inventor, 
with the suspicion it insinuateil, raised a controversy be¬ 
tween M.Lmbnitz, supported by the editors of the Ix-ipsic 
Acts, and the English mathematicians, who declarwl for 
Newton. Sir Isaac himself never appeared on the scene ; 
his glory was become that of the nation; and his adhe¬ 
rents, warm in the cause of their country, needed not his 
assistance tuunimatc them. 

Writings succeeded each other but slowly, on either 
side; probablynnaccount of the distance of places; but 
the controversy grew still stronger and stronger; till at 
length M. Ix-ibnitz, in the year 1711, complamed to the 
Royal Society, thalDr. Keil had accused liim of pub¬ 
lishing the Method of Fluxions invented by Sir I. Newton, 
under other naiiK-s and characters. He insisted that no¬ 
body knew better than Sir Isaac himself, that he bad 
taken nothing from him; and required that Dr. Kcil 
should disavow the ill construction which might be put 
upon his words.. 

The Society, thus appealed to as lUudge, appointed a 
committee to examine all theoldletlft, papers, and do¬ 
cuments, that had passed among the several mathemati¬ 
cians, relating to this subject; who, after u strict exami¬ 
nation of all the evidence that could be procured, gave in 
their report as follows : “ 'I'hat M.Leibnitz was in Lon- 
don in 1073, and kept a corrcspond<-ncc with Mr. 
Collins by means of Mr. Oldenburgh, till SepL 1070, 
when he returned from Paris to Hanover, by way of 
I/mdon and Amsterdam; that it did not appear thal 
ftl. Leibnitz knew any thing of the diflerential calculus 
before bis letter of the 21 st of June, 1077, which was 
a year after a copy of a letter, written by Newton in 
the year 1072, had been sent to Paris to be communi¬ 
cated to him, and above 4 years after Mr.Collins began 
to communicate that letter to his correspondents; in 
which the Method of Fluxions was sufficiently explain¬ 
ed, to let a man of his sagacity into the whole matter: 
and that Sir I. New ton had even invented his method 
before the year J009, and consequently 15 years be- . 
fore M. Leibnitz bad given any thing on the subject in 
the Leipsic Acts." From which they concluded .that 
Dr. Keil bad not at all injured Af. Leibnitz in whut he had 
said. 

'fbe Society printed this their determination, togotbor 
with all the pieces and materials relating to it, uuder the 
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of (’onim»'rcioni l-^pistolici^m do Annlysi Proinola, 
8vo, I.nnd. \7 Ihls book CHnUilly distribulvd 

Europo, ro Niiuhcaic lUv ot ihc English na¬ 
tion to the (li^co^cry; lor Newton himself, a^ already 
ldntc<l, never iipiuarcd in tlie atliiir : w lie I her it was that 
he irubled his lioinmr with his coni()ntri(»ts, who were 
2 caloll^ en<wezh in the cau^c; or whellicrhc fell himself 
even viiponor l<i tlie i;hjry of it. 

iM. ibtut^ and his friends liowcvcr could not show the 
same inilith rence: he was acctised of a plagiarism; and 
the whole Comnierciuin Epistohrtun <itherexpresses it in 
terms, or insinuates it. Soon alter the publication there- 
f<ire, a loose sheet was |)rintcd at Paris, in behalf of M. 
X^ibnjt^v ilicn at \’ienna. It is wrilica with sreal zeal 
and spirit; mid it boldly maintains that the Method of 
FliLvions had not [ireccded the Metliod of Diflerenccs; and 
even insinuates that it might have arisen from it. The 
detail of the jiroofs however, on each side, wouhl be too 
long, and couhl not be understood without a large com¬ 
ment, which must enter into the deepest geometry. M. 
Leibnitz ha<i iicgunto work upon a Cummercium Epislo- 
liiUin, in opposition to tliat of the Royal Society; but 
he died before it was completed. 

A second edition of the Commercium Epistolicum was 
printed at I>ontlon in 1722 ; when Newton, in the pro- 
taee, account, and annotations, wliich were added to that 
edition, particularly answered all the objections which 
l,('ibnilz and Uernoulli were able to make since the Com¬ 
mercium tir^t appeared in 1712 ; and from the last edition 
of ihu Commercium, with the various original papers 
contained in it, it evidently appears that Newton had dis¬ 
covered his Method of Fluxions many years before the 
pretensions of Leibnitz, Sec also llaphson^s History of 
Fluxions, 

There arc however, according to the opinion of some, 
strong (iresumptions in favour of Leibnitz; i.c, that he 
was no plagiary: for that Newton was at least the ftr^t 
inventor, is past all dispute ; his glory is secure; the 
reasonable puit, even among the foreigners, allow it: and 
the c|uesiion is onlvi whether Leibnitz took it from him, 
or feu upon the saific thing with him ; for, in his theory 
of abstract notions, which he dedicated to the Royal Aca¬ 
demy in 1671 , before he had seen any tiling of Newton’s, 
be already supposed infinitely small quantities, some 
greater than others ; which is one of the great principles 
ot bis system, but, before prosecuting farther the history 
and improvcmenl.s of this science, it wilt be proper to 
invmise somewhat of the principles and practice of it, ac¬ 
cording to the ideas of the inventor. 

Principles qf the Method qTFLUXiots. 

1. In tiic doctrine of fluxions, magnitudes or quanti¬ 
ties, of all kinds, arc considered, not as made up of a 
number of small parts, but as generated by cuntioued 
motion, by means of which they increase or decrease : as 
a line by the motion of a point; a surface by the motion 
ol a line; and a solid by the motion of a surface : which 
is no new principle in geometry; having been used by 
Archimedes, &c. So likewise, time may be considered 
as represented’ by a line, increasing uniformly by the mo¬ 
tion of a point. And quantities of all kinds whatever, 
which arc capable of increase and decrease, may thus 
be represented by lines, surfaces, or solids, considered 
as generated by motion. 

2, Any quantity, in this manner generated, an^f va¬ 
riable, is called a fluent, or a flowing quantity. And tl)c 


rate or proportionaccording to which any flowing quantity!^ 
increases, at any position or instant, is the fluxion of the 
said f|uantity, at that position or instant: and it is pro¬ 
portional ro the magnitude by which the flowing quantity 
would be uniformly increased, in u given time, with the 
generating celerity uniformly continued during that time. 

3. The small quantities thus generated or described, 
in any given small portion of time, and by any continued 
motion, either uniform or variable, arc calhd Increments. 

4. Hence, if the motion of increase be uniform, by 
which increments arc generated, the increments will in 
that case be proportionnl, or equal, to the measures of the 
fluxions: but if (he motion of increase be accelerated, 
the increments so generated,'in a given finite time, will 
exceed the fluxion; and if it be a decreasing motion, the 
increment so generated, will be less (han the fluxion. 
Hut if the time be indc^finitely small, so that the motion 
be considered as uniform for that instant; then these 
nascent increments will always be proportional or equal 
to the fluxions, and may be substituted for them, in any 
calculation. 

5. To illustrate these definitions : Suppose a point m be 
conceived to move from the position a, and to generate a 

m 


r p 

tine AP, with a motion nny-how regulated ; and suppose 
the celerity of the point m, at any position ?, to be such, 
as would, if from thence it should become* or continue, 
uniform, be sufficient to describe, or pa>5 uniformly over, 
the distance pp, in the given time allowed for the fluxion; 
then will (he said line rp represent the fluxion of the said 
fluent or flowing line ap, at that position. 

6. Again, suppose the right line mn to move, from the 
position AD, continually parallel to itself, with any con- 

--V?—^ 


A- ^ -5 

tinued motion, so as to gtnemte tlie fluent, or flowing 
rectangle abqp, whilst the point m describes the line ap; 
also let the distance Tp be taken, as above, to express the 
fluxion of the line or base ap ; and complete the rect¬ 
angle rqap. Then, in the same manner as is the 
fluxion of the lincAP, so the small parallelogram pgi* 
the fluxion of the flowing parallelogram, aq; boththcsel, 
fluxions or increments being uniformly described in the 
same time. 

7 . In like manner, if the solid aeup be conceived as 
generated by the plane PQR moving, from the position 
_ r. 
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ABE, always parallel to itself, along the line ad; and if 
vp denote the fluxion of the lino ap.' Then, as theparal- 
Iclogtam Pf, or vp x vq, expresses the fluxion of the 
flowing rectangle aq, so likewise shall the fluxion of the 
variable solid or prism ar be expressed by the prism pt, 
or vp * the plane pr. And in both these last two coses, 
it appears that the fluxion of the generated rectangle, or 
prism, is equal to the product of the gencrant, wneihcr 
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line or plane, drawn into the fluxion of the line along 
which it moves. 

S. Hitherto the gencrant, or generating line or plane, 
has been cunsid^ed as of a constant or invariable magni¬ 
tude; in which case theiUient, or quantity generated, is 
a parallelogram, or a^prism, the former being described 
by the motion of a lino, and the latter by the motion of a 
plane. In tike manner aro other figures, whether plane 
or solid, conceived to be described, by the motion of u 
variable magnitude, whether it be a line or a plane. 

Thus, let a variable line pq he carried with a parallel 
niotiun along AP, or while a point p is carried along, and 
describes, the line ap, suppose another point q to be car- 
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ried by amotion perpendicular to the former, and to de¬ 
scribe the line pg: let /ly be another position of pg, inde¬ 
finitely near the former ; and drasv gr parallel to ap. Now 
in this case (here are several fluents or flowing quantities, 
with their respective flu.xions: viz, the line or fluent ap, 
the fluxion of which is p/i, or gr; the line or fluent pg, 
the fluxion of which is yr; the curve, or oblique line Ag, 
described by the oblique motion of the point, the flu.sion 
of which is gy ; and lastly the surface APg, described by 
the variable line pg, and the fluxion of which is the rect¬ 
angle pgryi, or pg * vp. And in tlie same manner may 
any solid be conceived to be described, by the motion of 
a variable plane parallel to itself, substiiuiing the variable 
plane fur the variable line; in which case, the fluxion of 
the solid, atany position, is represented by the variable 
plane, at that position, drawn into the fluxion of the line 
along which it is carried. 

9. Hence then it follows generally, that the fluxion of 
any figure, whether plane or solid, at any position, is equal 
to the section of it, at that position, drawn into the fluxion 
of the axis, or line al&g which the variable section is sup¬ 
posed to be |>crpc'ndicularly carried; t. c. the fluxion of 
the figure aop, is equal the plane pg x vp when that 
figure, is a solid, or jo the ordinate pg x vp when the 
figure is a surface. 

10. It also follows, from the same premises, that, in any 

« urvc, or oblique line, Ag, whose absciss i4AP, and ordi- 
ate is pg, the fluxions of these three ^rnra small right- 
angled plane triangle gyr; for gr=p;> is the fluxion of 
the absciss ap, or the flpxion of the ordinate rg, and gy 
the fluxion of tlic curve or right line ag. And conse¬ 
quently that, in any curve^ the square of the fluxion of the 
curve, is equal to the suril^of the squares of the fluxions of 
the absciss and ordinate, when these two lines are at right 
angles to each other. ^ 

11. From ;he premisralt also applRfs, that contempo¬ 
raneous fluejiU, or quantities that flow or increase together, 
which are always in a constant ratio to ca^h other, have 
Ihcir fluxions also in.the same constant ratio at c\;pry 
position. For, let ap and sg be two contemporaneous 


A P p B ? 

fluents, described in the same time by the motion of the 


points p and g, the contemporaneous positions being r.g, 

and p,<f: and let ap be to bq, or Ap to By, in the cou^taiit 
ratio of n to 1. 

i hen is • - . . Ap=nx ng, 

’ • * - Ap = n X Da; 

•^.therefore by subtraction, - vp = n x q y; 
that is, the flu.xion vp: fluxion g y : : n ; 1, 

the same as fluent AP ; fluent Bg : : n : 1; or 

the fluxions and fluents arc in the same constant ratio. 

But if the ratio of the fluents he variable, so will that of 
tlie fluxions be also, though not in the same variable ratio 
with the former, at every position. 

T/tc No/aiion, ifc, in Fluxions. 

12. To apply the foregoing principles to the determina¬ 
tion of the fluxions of algebraic quantities, by means of 
which (hose of all other kinds are determined, it will b<‘ 
necessary first to premise the notation used in this science, 
with some observations. As, first, that the final letters of 
the alphabet z,y, a, w, iS.-c, are used to denote variable or 
flowing quaiumes; and the. initial letters a. b, c, d, ixc. 
Constant or invariable ones : thus, the variable base ap of 
the flowing rcctangnlar figure ABgp.at art. 6, may be re¬ 
presented by-r: and the invariable altitude pg, by a : also 
the variable base or absciss ap, of the figures in art. 8, 
may be represented by x; the variable ordinate pg, byy; 
and tiic variable curve or line Ag, by r. 

Secondly, that the fluxion of a quantity denoted by a 
single letter, is represented by the same letter with a point 
oviTit: Thus, the fluxion of X is expressed byx, thatofy 
by y, ami (hut of s by *. As to the fluxions of constant or 
invariable quantities, as of a, b, c, &c, they arc equal to 
0 or notiiing, because they do not flow, or change their 
magnitude. 

'1 birdly, that the increments of variable or flowing quan¬ 
tities, are also denoted by tlicsaine letters with a small (') 
over them : .So (he increments of x, y, z, are x, y, s'. 

13. From these notations, and the foregoing principles,- 
the quiinlities and their fluxions, there considered, will be 
denoted os below. 

In all the foregoing figures, put 
the variable or flowing jinc - - - apsx, 

in art. 6, the constant line - • - pg s a, 

in art. 8, the variable ordinate - - pgs:y, 

the variable curve or right luie - - Ag = z.* 

Then shall the several fluxions be (bus represented,.viz,. 

X s= vp the fluxion of the line ap, 

the fluxion of ABgp in art. 6, 
y-f = VQrp the fluxion of Apg in art. 8, 

* = gy=:\/{x'-t- y*) the fluxion of aq, 
and ax = pr the flux, of the solid in art. 7, if 

a denote the constant generating piano pgn. 
Alsonxs; Bg in the figure to art. II, 
and nx =: gy the fluxion of the same. 

14. The pripcipies and notation being thus laid down, 

we may proceed to the practice and rules of this doctrine, 
which consists of two principal parts, called the direct and 
iovene method of fluxions; viz, the direct method, which 
consists in rinding the fluxion of any proposeil fluent or 
flowing quantity and the inverse method; which consists 
ill finding the fluent of any proposed fluxion. As to the 
former of these two problems, it can always be determined, 
and'tliat in finite algebraic terms; latter, or find¬ 

ing of fluents, only in some certain cas«|ulKcept by moans 
of infinite series.—First then, of N'/ 
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15. l o fwi I lie tliixion of ilii* product or roccan* 
glo of two variable quaHtilics; let ^ 

AKQV = ry be tlie llowiugor vai la* ^ > 
hW rectanglt% coiicralcd by two \ 

litu ^ uu and I'u hKAing always per* > y 

pemlicular toencU oilier, lioin tbe 

poNitions AT and au; denoting the ^ ^ y ■ 

<iiu* by X, aail iheoilar \>y y\ ait<l ^ ^ ^ 

suppose r Hiid y Xo be ril..iMJ* ihui llie curve AQ may 
alsvays |>as> through lltcjr inlerdvclioo q, or the opposite 
angle ol I In leclangle. 

Now this reclaii^lc consisls of the two Irilineal spaces 
APo, and Aitu, of wliicli the Huxion of the former is vu x 
vif or ajid that of ilic latter KQ x ut orxy, by art. 8 ; 
thereloie the sum of the two, xy i^ the tluxion of (he 

whole lettaligle ly or AKUr. 

The uimcoilicrivisc. — Lei the sides of (he rcctuiigUs x and 
y, by flowing, become x h- x uody -h y : xln n the product 
of the lv\o, or xy 4 - xy H-yy -h xy will bi* the new or con^ 
tejuporaiieous value of the t)ov\iiig rectangle ?R or xy; 
subtract the one value from the other, and the remainder 
^y ^y » "'fll he (he increment ge nerated in the same 
lime a* I ory; <if which the last icrmiy is nothing, or in* 
di'liiiitely smnll in respect of the other two terms, because 
a' an<l y aw indelinitely small in respect of x and y; which 
term bving {hciefoic omitted, there remains xy -»• xy for 
the value ot that increment: and hence, by substitutingx 
ainly forx and y, to svliich they arc proportional, there 
arises ly -f* ly (or the value of the fluxion of xy; the same 
as betiuc. 

17* Hence may be derived the fluxions of all powers 
and products, and of all other forms of algebraic quanti¬ 
ties whatever. And first for the continual products of any 
number of quantities, as xyZp or xvxyz^ or vwiyz^ &c. For 
xyz put (j or pz, so that p = xy, und xyz ^pz Now, 

tuKing tlie fluxion of 9 = pzy by the last article, it is 

r/ -h pi; but p = xy, and p ^ xy xy by the 

same article; substituting therefore these values of p and 

p instead of them, in the value of 9 , this becomes 

V — Huxion of xyz required ; wliich 

is therefore equul to the sum of the products arising from 
the fluxion of each letter oi^uantity multiplied by the 
product of the other two. 

Again, to determine the fluxion of wiyz, the continual 
product of four variable <|uantitics} put ibis product, viz, 
wxyx or ^ui = r, where q s= xyz os above; then, taking the 

fluxion by the last article, r szi/xo qw; and this, by sub¬ 
stituting for q and q their values as above, becomes 

r =S wiyz Wiyz + wjyz -t- the fluxion of wjw as 
required ; consisting of the fluxion of each quantity drawn 
into the products of the other three. 

In the very same manner it is discovered that the fluxion 
of Twiyz is 

i-texyr + vxlxyz ^ vw'xyz + + moxys'; and so on, fdr 

any number of quantities whalcvef; in which it is always 
found that tlierc arc as many terms as variable quantities in 
the proposed fluent, and that these terms consist of the 
fluxion of each variable quantity multiplied by the product 
of all the rest of t^^quantities. 

18. From.hencj^s easily derived the fluxion of any 
power of a variabW^Uantity, us of j*, or or x*, &c. 


I'or, in the rectangle or product xy, if x s=y, then is the 
product ly = XX or i’, and also its fluxion 
xy jy =e XX -t- XX or 2xx, the fluxion 3^ 

Again, if all tlie thn e x,y, z be equal; then is the pro¬ 
duct of the llm-e xyz = xxx or X*} and its fluxion 
xy= Ijz -t- xya = xxx ■+■ xxx -t- xxx or 3x*x, the fluxion 

of x’. . 

And in the same maimer it will appcttr that the 
fluxion of is ^ 4 x’x, 
that of x’ is = 5x'*x, 
that of x“ is = ux"" x; 

where u is any positive whole number. That is, the fluxion 
of any positive integral power, is equal to the exponent of 
the power (n), multiplied by the next less power of the 
same quantity (x"'*), and by the fluxion of (he root (x). 


• X 


19 . Next, for the fluxion of any fraction, as of one 

variable quantity divided by another; put the proposed 

fraction 9 ; then, multiplying by the denominator, 

• • • . • • 
x=qy\ and taking the ^\x\\oM,x^qy-^qy,OT<ff=x — qy\ 

and, by division, ^ s: - -- ^ — (by substituting thcvaluc 

of (/,or ^ ^ tbc fluxion ofas requi- 

* V y y y y ^ 

red. That is, the fluxion of any fraction, is equal to the 

fluxion of the numerator drawn into the denominator, 
minus the fluxion of tbc denominator drawn into tbc nu¬ 
merator, and the remainder divided by (he square of the 
denominator. 

20 . Hence too is easily derived the fluxion of any ne¬ 
gative integer power of a variable quantity, as of x-" 

or — which is the same thing. .F'or here tbc numerator 

of the fraction is 1 , whose fluxion is nothing; and there¬ 
fore, by the last article, the fluxion of such a fraction, or 
negative power, is barely equal to minus tlic fluxion of the 
denominator, divided by tbc square of the said denomi¬ 
nator. That is, the fluxion of X Vof'TS** 


—i 


IS — 


or — 


or — nx 


-^+ 0 . 


x; which is the 


same rule as before for integral powers. 

Or, the same thing is otherwise derived imroediHtcly 
from the fluxion of a rectangle or product, thus: put the 


proposed fract^llp, or quotient, ~ = 9; then is fx" = 1 

and, taking the flulfcns, 9r“-♦•9nx"'*x=0i hence 

9 X»= —and then dividijjg by x" we have 

9 = - ^ S 5 (by substituting ^ for 9 ), or 

— nx"®~'x; the same os beforcA 

21. Much in the same tnannCTn obtained the fluxion 
of any surd, or frac^ial power flociit quantity, aa of 

xT or For, p^ing the proposed^quatitityx': ss 9 , 

then, raising each to then power, - - x* = 9 "^ 

take tbc fluxions, . - - - - *9; 


— nx 
x“+ J 


obtained the fluxion 


-'x 


* ■ 

frtx s 


divide by n 9 '' , qss _=s -- = ^ *: 

n,*—* ru T 

which is still the same rule as before, for finding the fluxion 
of any power of a fluent quantity, and which is therefore 
genci^, whether the cxponhit be positive or negative, in* 
tcgral or fractional. 
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^2, For the Fluxions of Logu. 
rithin>: lA*i a be the principal 
vertex of an hyperbola, having its 
ftsy rap totes CD, cp, with the or<li« 
nates da» ra» pq, &c, parullc) to 
then). Then, Imm the nature of 
the hyperb'ihi, atul of logaiilhms, it is known that any 
space ABr^s the log, of the ratio of cb to cr, to the 
modulus ABCD. Now put CB = BA = I thc Side of the 
square or rhombus dd ; m =: thc nu>dulus, or area of db, 
or sine of thc angle c. to the ratlius 1; also (he absciss 
CP = r, and^c ordinate ssy. 'I hen, by the nature 
of the liyperOTa, cP x pq is always equal to DB, that is, 

xysfn; hence and the fluxion of thc space,' or 

xy is ^ PQ^/p the fluxion of the log. of x, to the mo¬ 
dulus tn. And in (he ordinary hyp. logarithms thc mo¬ 
dulus m being I, therefore ^ is the fluxion of thc hyp. log. 

ofx; which is therefore equal to thc fluxion of the qiinn- 
/ily, divided by the quantity itself. And the same might 
be shown in several other ways, independent of thc flgure 
ol (he hypcrbolo. 

^23. By means of the fluxions of logarithms, are deter¬ 
mined those of exponential quantities, i. c, quantities 
which have their exponent also a flowing or variable quan¬ 
tity, These exponentials arc of t\Vb kinds, viz, when the 
root f$ a constant quantity/as nod when thc root is 
variable, asy'« 

In the former case, put the proposed exponential e' st z, 
a single variable quantity; then, take the logarithm of 
each, so shall log. of z = x . log, of c; take thc fluxions 

of these, so shall ^ s x , log. of c; hence i s zx . log. 

of c ss e* X • log. of e, thc fluxion of thc proposed expo* 
tiential c*; and which therefore is equal to the said pro¬ 
posed quantity, drawn into thc fluxion of the exponent, 
and also into thc log. of the root. 

24u And in thc 2d case, put the exponential s z; 
then the logarithms give log. z s x x log. y, and thc 

fluxions give ~ = x . log. y x ,-i hence * a ex. log. 

y = (by substitutingfore)log. / + 

is thc fluxion of thc proposed exponential y*; which 
therefore consists of two terms, of which the one is thc 
fluxion of the proposed quantity considering the exponent 
only as constant, and thc other is thc fluxion of the same 
quantity considering thc root as constant. 

O/SceSnd, Third, ifc. Fluxions.— Having explained 
the manner of considering and determining thc flrstfluxions 
of flowing or variable quantities; it remains now to consi* 
dor those of thc higher orders, as 2d, 3d, 4tb, &c, fluxions. 

25. If thc rate of celerity with which any flowing quan> 
tity dianges its munitude, be constant, or the same, at 
every position; tb(fn is the fluxion of it also constantly 
thc same, l^ut if the variation of magnitude be continually 
changing, either increasing or decreasing; then will there 
be a ccrjpin degree of fluxion peculiar to every point or 
position; and the rate of variation or change in the flux* 
ion, is Ailed thc fluxion of thc fluxion, or thc second 
fluxion of thc given fluent quantity. In like manner, the 
variation or fluxion of this 2diiluxion is called the third 
fluxion of thc first proposed fluent quantity; and so on. 
Aiid these orders of fluxions are denoted by the fluent let* 
VOL. I. 


ler or quantity, m iib the com-spondin" number <>1 |>uints 
over it; viz, 2 points for tliu 2d lluxion, 3 for tho 
fluxion, 4 for the 4th fluxion, and »o on. So lliv (iif- 
ft-rcni ordiTs ofthe tluMoDb of .r, arc-v, i. x, &c ; where 
each is the fluxion of the one next beflirc it. 

26 . Ibis discripliuii of the liiglnr orders of fluxions 
may be illustrated by the ihr. e risiuns at the Sih article ; 
where, if x denote the absciss av, and y the 01 dinalc t*Q ; 
and if the ordinate pq ory flow alono ila- absciss ap 01 j, 
with an uniform motion ; then thc fluxion of x, \iz,i= i>p 
or Qr is a constant quantity, or j = 0 , in all thc llgurr>. 
Also, in fig. 1 , in which AQ IS a right line,y is = »y, or 
the fluxion of IQ, is a constant quanlity,,or ysss O j for, 
the angle q, = the angle a, being constant, qr is lory, or 
X toy, in a constant ratio. Butin the 2d figure,ry, or 
tlic fluxion of pq, continually increases more and morts 
and in fig. 3 it continually decreases more and more ; aiul 
lliercfore in both these cases y Las a 2d fluxion, being 
positive in fig. 2, but negative in fig. 3 : and so on for the 
other orders of fluxions. 

27 . i hus if, for instance, the nature of the curve be 
such, that r’is everywhere equal to u*y ; then, taking the 
fluxions, it is s Sr^x; and, considering x asu coiistatic 
quantity, and taking thc fluxions again, thc equations of 
thc several rmlcrs of fluxions vsill be us below ; viz, 

the 1 st fluxions n*yrs 3 x*i, 
the 2 d fluxions a y s 6 'xi*, 
the 3d fluxions ay := OV’, 
the 4th fluxions ay s O, 
and oil thc higher fluxions = Oor nothing. 

Alsu thc higher orders of fluxions are found in the same 
manner as thc lower ones. Thus, 

Thc Ist flux, ofy^ is • - 3y*y; 

its 2(1 flux, or flux, of 3y' 

considered as the reel-^3yV 
angle of 3y’ and 
and thc flux, ofthis again, or 
thc 3d fluxion ofy^, is 
26. In thc foregoing articles, it has been supposed that 
the fluents increase ; or that their fluxions are' positive ; 
but it often happens that some fluents decrease, and that 
therefdre their fluxions are negative : and whenever this 
is thc case, thc sign of the fluxion must be changed, or 
made contrary to that of the fluent. So, of the rectangle 
xy, when both x and y increase together, the fluxion is 
iy -h but if one of them, us y, decrease, while thc 
other, X, increases; then the fluxion of y being *-y, the 
fluxion of xy will in that case be xy _ xy. 'j'his may 
be illustrated by the annexed rect¬ 
angle APqa ss xy, supposed to be 
generated by the motion of the line 
FQ from A towards c, and by the mo* 
tion of thc line nq from b towards a : 
for, by the motion of pq, from a to* 
wards c, the rectangle is increased, 
and its fluxion is -t- xy; but by the 
motion of nq, from b towards a, thc 
rcctaii^c is decreased, and thc fluxion of the decrease is 
therefore, taking thc fluxion of thc decrease from that 
of the increase, thc fluxion of thc rectangle xy, when x 
increases and y decreases, is xy ~~ xj. 

For thc.Invcrsc Method, or the findihg of fluents, see 
Fluent. And for the several applicarions of this science 
to Maxima and Minima, thc drawing of Tangents, 
&c, sec the respective articles. 
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^ Sincr the first invention of this calculus by Sir I. New- 
Ton, it ha^ received various iijtprovemenls from many cnii- 
iiunt authors, particularly John lUriiouUi, \>ho treated 
(»t the fluents belonging lo the duxioon of cNpoiiential ex¬ 
pressions; Janies Bernoulli, Craig, Cheyne, Cotes, Man- 
freili, Uiccati, Taylor, Fa^nanus, Clairaut, Dalembert, 
Kuler, Maclunrin, Condorcet, Lescur and Jacquier, Bou- 
gunville, \Vulnie>ley, Lagrangi*, lirnerMin, biin))son, Lan¬ 
der), Waring, &CC. 'I'here arc several other treaties also 
on the principles of rtuxions, by H«tye', Newyentyt, LM16* 
pitui, llodson, Uos\e, Lyons, Deallry, icc, ice, delivering 
the elements of this vcicMice in an l as) andlamiliar manner* 
FLY, in Mecluinics, a Ina'y \Neigl)t applied to certain 
machines, to regulate their moUoiis, av in a jack; or to 
increase their etfect, ns in the coining engine, &c; by 
means of which the torce of thejjower is not only preserved, 
but equally distributed throughout ibc revolution* 

The fly is either like a cross with heavy weights at ihc 
ends of its arn)> ; or like a heavy wheel at right«anglcs to 
the axis of motion* It may be applied to various kinds of 
engines, whether they be moved by men, horsc’s, wind, nr 
water; and it is of groat use in those parts of an engine 
which have a ({Uick circular motion, and where the power 
or n'sistanco acts unequally in the diflferent parts of a 
revolution. In this case the fly becomes u moderator, 
making the motion of revolution almost everywhere equal, 
FLYICIIS, in Architecture, such stairs as go straight, 
and do not wind round, nor have the steps made tapering, 
but equally broad at both ends* Hence, if one flight do 
not rise to the top of the story, &c, there is a broad half 
pace, and then commonly another set of^ flyers* 

FLYING, the progressive motion of a bird, or other 
winged animal, through the air. The parts of birds chiefly 
concerned in flying, arc the wings and tail: by the former, 
the bird sustains and wafts hiinsidf along; and by the 
latter he is assistcil in ascending and descending, to keep 
his body poised upright and steady* The wings are ex¬ 
tended or stretched quite out, and then struck forcibly 
downwards against the air, which by its resistance raises 
the bird upwards; (hen, to make another stroke, the wing, 
by means of its joints, readily closes in some degree, pre¬ 
senting the sharp edge of the pinion foremost to cut the 
air, and drawing the collapsed feathers after it like a flag, 
to diminish the resistance to the ascent as much as pos¬ 
sible; the wing and feathers arc then stretched out hori¬ 
zontally again, and another downward stroke is given, 
which raises the bird still higher; and so on os far as he 
pleases, or at least as far as the density of the air will sus¬ 
tain him ; performing those motions of the wings very ra¬ 
pidly, that the flight may be the quicker* 

Artificial Flying, is that attempted by men, &c, by 
the assistance of mechanics* The art of flying has t^cn 
attempted by several persons in all ages. Friar Bacon, 
about 500 years ago, not only asserts the possibility of 
flying, but affirms that he himself knew how to make a 
machine with which a man might be able to convey him¬ 
self through the air like a bird; and further adds, that it 
had been tried with success. Though the fact is to be 
doubted, if, as it was said, it consisted in the fqllowing 
method ; viz, in a couple of large thin hollow copper 
globes, exhausted of air ; which, being much lighter than 
air, would sustain a chair on which a person might sit* 
Futlier Francisco Lana, in his Prodrome, proposes the 
same thing, hs his own idea* He computes, that a round 
vesKd of plate-brass, 14 feel i.i) diameleo weighing 3 ounces 


the square foot, will only weigh IS48 ounces ; wluTcas a 
quantity of air of the same bulk will wt*igh near Z15tJ 
ounces; so that the globe will n'*t only he sustained in tbe 
air, but will carry with it a weight ol 304ounces; and by 
increasing the size of the globe, the thir of the tnclal 
n^niatning the snme, he adds, a vesv I niiglit be made to 
carry a much greater weight. UiiClhc fallacy is obvious: 
a globe ol the dimensiomi In* described, hs Hcnike ob* 
serves, would not sustain (he pressure of the air, but be 
crushed inwards* Indeed it is not even probable that a 
globe can be made sufficiently thin to float in the atmo¬ 
sphere after it is e.vhausteci cd air, and yet be strong enough 
to sustain the compressing force of the utmh^phere. But 
for this purpose it seems that the globe should be filled 
with an air as elastic or strong as the atmo>|>here, and yet 
be very much lighter ; such as is u^cd in the mongolliers 
nnd balloons; the former of which is fille<l with common 
air hcMted, so as to be more elastic, an<l less heavy; and 
the latter witli innanmiablc air, which is as clastic as the 
Common air, w ith only about one-tenth of its weight* And 
thus the idea of fl>ing, or rather floating, in the air, has 
been nalized by the modi t ns, usirtg however a diflbrent 
kind of air. Sc*e Akhostatiok* 

The same author describes a machine for flying, invented 
by the Sieur Besnier, a smith of Sable, in the county of 
Main, bee Philos. Coliec. No« 1. 

By the foregoing method however, at best, only a me¬ 
thod of floating can he obtained, like a log floating in a 
current; but not^of flying, which consists in moving 
through the air, independent of any current; and which 
must be eflected by something in the nature of wings. 
Attempts of this latter kind also have indc*ed been made 
by several persons; but it does not appear that any of 
(hem have been attended with such success as to induce 
the authors of those attempts to make them public. The 
philosophers in the reign of King Charles the 2d were 
much employed on this subject; and theceicbratod Bishop 
Wilkins was so confident of success in it, that he says^ 
he docs not question but in future ages it will be as usual 
to hear a mon cull for his wings, when he is going a jour¬ 
ney, as it is now to call for his boots. 

The story of the flight of Dsdalus is wcirknow n. 

Flying Pinion^ is part of a clock having a Oy or fan 
with which to gather the air, and so check the rapidity of 
the clock's motion, when the weight descends in the strik¬ 
ing part* 

FOCAL Diiiance, the distance of the focus, which is 
sometimes understood as its distance from the vertex, as 
ilk the parabola; and sometimes iis distance from the cen-^ 
tre, as in the ellipse or hyperbola. % 

FOCUS, in Geometry and the Conic Sections, is ap¬ 
plied to certain points in the ellipse, hyperbola, and para¬ 
bola, where the rays reflected from all parts of these curves 
concur or meet; that is, rays issuing from a luminous 
point in the one focus, and falling on all p ints of the 
curves, arc reflected into the other focus, or into the line 
directed to the other focus, via, into the other focus in 
the ellipse and parabola, and directly from it in the bypei^ 
bola: which is the reason of the name Fdcus, or Burn¬ 
ing-point. Hence, as the one focus of the parabbla is at 
an infinite distance; and consequently all rays drawt^ 
from it, to any finite part of (he curve about the vertex^^ 
are parallel to one another; therefore, if rays from the 
sun, or any other objectso distant that the rays may bo 
considered os parallel, fall upon the curve of a parabola 
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or cnncflx’c surface of a paraboloidal figure, those rays will 
all be reflected into its focus. 
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Tlius, the rays of 5 /*, from the focus /, are reflected in 
the direction ff, into the other focus f, in the ellipse and 
parabola, and form the focus J" into fq, in the hyperbola. 
—In all the three curves, the double ordinate co drawn 
through the focus f, is the parameter of the axis, or a Sd 
proportional to ab and ah, the transverse and conjugate 
axes.—In the ellipse and parabola, the transverse axis is 
eijual to the sura of the two lines i*r -t- drawn from the 
foci to any point P in the curve; but in the hyperbola, the 
transverse is equal to the difierence of those two lines. 
That is, 

abssFf -t* ^in the ellipse and parabola, 

A B = PF — P/ in the hyperbola. 

^ In the ellipse and parabola, the square of the distance 
between the foci, is equal to the difTcrcncc of the squares 
of the two axes ; and in the hyperbola, it is equal to the 
sum of their squares: that is 

f/* = a b* — ab* in the ellipse and parabola. 

= AB* •i' ab* in the hyperbola. 

Therefore die two seini>axes, with the distance of the 
focus from the centre, form always a right«angled triangle 

In all tb^urses, the conjugate semi^axis is a moan pro* 
portiuiml between the distances of cither focus from either 
end of the transverse axis: that is, 

AF : En : : Efl : FB, 
or Ea^ AF . FB. 


t“e focus to the verte.x, is equal to J of the parameter, of 
half the ordinate at the focus: via, af = ^rc. Also, .s 
line drawn from the focus to any point in the curve, is 
equal to the sum of the focal distance from the verte.x and 
the absciss of the ordinate to that point: i. c. fp = af 
A! = 2af ± fi = cf ± FI. If from any point of a pa¬ 
rabola there be drawn a tangent, and a perpendicular to 
it PK, both to meet the axis produced ; then the focus will 
be equallydistant from the two intersections and the point 
of contact: i. e. fo = fp = fk. Also the .^kpf= kp/. 

Hence also the subnormal IK is ^ 2 af= fc the scini- 
parameter.—The line drawn from the focus to any 
point of the curve, is equal to ^ the parameter of the dia¬ 
meter to that point: i.e. ff the parameter of the dia* 
meter ff .—If an ordinate to any diameter pass through 
the focus, it will be equal to half its parameter; and its 
absciss equal to ^ of the same parameter; or the absciss 
equal to half the ordinate: i.e. pl UN or^ ln. 

Focus, in Optics, is a point in which several rays meet, 
and are collected, after being either reflected or refracted. 
It is so called, because the rays being here brought toge¬ 
ther and united, the^ f‘»rce and effect are increased, inso¬ 
much as to be able to burn ; and therefore it is that bodies 
are placed in this point to be burnt, or to show the effect 
of burning-glasses, or mirrors.—It is to be observed, how¬ 
ever, that in practice, the focus is not an absolute point, 
but a space of some smalt breadth, over which the rays 
are scattered; owing to the different nature and refrangi- 
bility of the rays of light, and to the imperfections in the 
figure of the lens, &c. However, the smaller this space is, 
the better, or the nearer to perfection tbe instrument ap¬ 
proaches. Huygens shows that the focus of a lens convex 
on both sides, has its breadth equal to of the thickness 
of the lens. 

Virtual Focus, or Point qf Divergence, so called by Mr. 
Molyiicux, is the point from which rays tend, after refrac¬ 
tion or rcficction; being in this respect opp6sed to the or¬ 
dinary focus, or point of concurrence, where rays are made 
to meet after refraction or reflection. Thus, the foci ofao 
hyperbola are mutually virtual foci to each other; but, in 
an ellipse, they ore common foci to each other; for the 
rays arc reflected from the other focus in the hyperbola, 
but towards it in the ellipse; as appears by the figures al 
the beginning of this article. 

In Dioptrics, let 
ABC be the conca¬ 
vity of a glass, whose 
centre is n, and axis 
de: Let ro be a my 
of light falling on tbe 





f 


If there be any inngent to these curves, and two lines glass, parallel to the axis de ; this ray po,- after it bax 

f -.. .L- . . . .1 passed through the glass, at its emersion at o will not pro¬ 

ceed directly to H, but be refracted from the perpendicular 
DO, and will become the ray gk, which being produced to 
meet the axis in b, this point b is the virtual focus, as the 
ruy is refracted directly from this point. 

Rules for the Foct qf Lenses and 

I. In Catopirics, or Lenses. 

■ 1. The focus of a convex glass, i.e. the point where 
parallel rays unite when trunsmitted through a convee 
glass whose surface is the segment of a sphere, is distant 
from the pole or vertex of the glass, nearly a diameter 
and half of the convexity.—2. In a plano-convex glass, 
(he focus of parallel rays is distant from the pole of the 
glass a diauctor of the com'c.xi^, if the segment do Qot 

3 Y 2 


drawn from the foci to the point of contact; these two 
lines will mnkc equal angles with that tangent. 

So, ifoFG touch the curve at p ; 
then is the angle FPC = /./PO. 

Ifajine be drawn from either focus, perpendicularly 
upon a tangent; the distance of their intersection from the 
centre lull be equal to the serai-transverse axis. So, if 
ru dt be perpendicular to the tangent pii; then is 
EV B EA or BB. Consequently, the circle di'scribed on 
the dianicter as, wiU pass through all thepoinu ii, n. 

Tfaeforeguing areTheprincipal properties that arc com- 
mon-to the foci of all the three oonic sections. To which 
may be added the following properties which arc peculiar 
to the parabola: viz, In the parabola, the distance from 
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o.NCmi .'^0 (U'crcrs. Or the rule in plano-convex glasses 
iv, As 107 ; 193 :: so is llie radius of convexity : to the 
rrlr.'ictcd ray taken to its concourse with the axis; which 
in glasses of largo spheres is nearly equal to the distance of 
the focus taken in the axis.—3. in double-convex glasses 
of the same sphere, the focus is distant from the pole of 
the glass about the radius of the convexity, if the segment 
be but 30 ilegrees. Hut when the two ronvexities are uii- 
e(|ual, or segments of difterent s|>hcres, then the rule is, As 
llic sum of the radii of both convexities : is to the radius 
of fitlicr ctmvexily alone ; : so is double the radius of the 
other convexity : to the distance of the locus. But here 
ii must be observed, that the rays which fall nearer the 
axis of any glass, arc not united with it so near the pole of 
the glass as tlioso farther off: nor will llie focal distance be 
so great in a plano-convex glass, when the convex side is 
towards the object, as when the plane side is towards it. 
And hence it is truly conclude<l, that, in viewing any ob¬ 
ject by a plano-convex glass, the convex side should always 
be turned outwards; as als«i in burning by such a glass. 

II. For the Virtual Focus. 

1 . In concave glasses, when a r|y passes through air 
parallel to tlie axis, the virtual focus, by its first refraction, 
becomes at the <livtance of a <iiameter and a half of the 


3. For a plano-convex glass: make it reflect the sun 
against the wall; then on lijc wall will be seen two sorts 
of light, a brighter within another more obscure: with¬ 
draw the glass from the wall, till the bright image be in its 
least dimensions ; then is the glass distant from the wall 
about a fourth part of its focal length.—4. For a double 
convex : expose each side to the sun in like manner ; and 
observe both the distances of the glass from the wall: then 
is the first distance about half the radius of the convexity 
turned from the sun; and the second is about half the 
radius of the other convexity. The radii of the two con¬ 
vexities being thus known, the focus is then found by this 
rule; As the sum of the radii of both convexities : is to 
the radius of cither convexity : : so is double the radius of 
the other convexity : to the distance of the focus. 

IV. TofindtheToci o/all Gfastes Geometrically, 

Dr. Halley has given a general method for finding the 
foci of spherical glasses of all kinds, both .concave and 
convex ; exposed to any kind of rays, either parallel,con¬ 
verging, or diverging; as follows: To find the focus of 
any pared of rays diverging from, or converging to, a 
given point in the axis of a spherical lens, and making the 
same angle with it; the ratio of the sines of refraction 
being given. 


concavity.—'2. In plano-concave glasses, when the rays 
fall parallel to the axis, the virtual focus is distant from 
the glass, the diameter of the concavity.—3. In plano¬ 
concave glasses, as 107 • 193 ;: so is the radius of 
the concavity : to the distance of the virtual focus.— 
4. In double concaves of the same sphere, the virtual 
focus of parallel rays is at the distance of the radius of 
the concavity. But, whether the concavities be equal 
nr unequal, the virtual focus, or point of divergency 
of the parallel rays, is determined by this rule; As the 
sum of the radii of both concavities : is to the radius of 
either concavity :: so is double the radius of the other 
concavity : to the distance of tlic virtual focus.—5. In 
concave glasses, exposed to converging rays, if the point 
to which the incident my converges, be farther distant 
from the glass than the virtual focus of parallel rays, the 
rule for finding the virtual focus of this ray, is this; As 
the difference between the distance of this point from the 
gloss, and the distance of the virtual focus from the glass: 
is to the distance of the virtual focus :: so is the dis¬ 
tance of this point of convergence from the glass : to the 
distance of the virtual focus of this converging ray.—6. In 
concave glasses, if the point to which the incident ray 
converges, be nearer to the glass than the virtual focus of 
parallel rays, the rule to find where it crosses the axis, is 
this; As the excess of the virtual focus, above this point of 
convergcncy : is to the virtual focus :: so is the distance 
of ibis point of convergcncy from the glass : to the distance 
of the point where this ray crosses the axis. 

III. Practical Rules for fading (he Foci (f Glasses. 

1. To find, by experiment, the focus of a convex sphe¬ 
rical gloss, being of a small sphere. Apply it to4hc end 
of a scale of inches and decimal parts, nnd expose it to 
the sun; then on the scale may be soon tlic bright inter¬ 
section of the rays measured out: or, fix it in the h^ of 
n dark chamber; and where a while paper receives.the 
distinct representation of distant objects, there is the focus 
of the glass.—2. Fur a glass of a pretty long focus, ob¬ 
serve some distant object through it, and recede from the 
glass till the eye perceives all in confusion, or the object 
begins to appear inverted; then the eye is in the focus.— 



Suppose OL a lens; p a point In its surface; v its pole; 
c the centre of the spherical s^mcnl; o the object, or 
point in the axis, to or from which the rays proceedand 
OP a given ray: and suppose the ratio of refraction to 
as r to s. Then making cR'to co, as s to r for the iro-» 
roersion of a ray, or as r to s for the emcnion (i.e. as the 
sines of the angles In the medium which the ray enters, to 
the corresponding sines in the medium out of which it 
comes); and laying CR from c towards o, the point r will 
be the same for all the rays of the point o. Lastly, draWVt 
ing the radius PC, continued if necessary ; with the centre 
R, and distance op, describe an arc inicrscc^ PC in Q. 
Then the line qr, being drawn, it will be p0RiteI to the 
reflected my ; and p p, being drawn parallel to it, will in¬ 
tersect the axis in the point F, the focus sought.—Or, say 
as CQ : CP :: CR : CF, which will be the distance of the 
focus from the centre of the sphcrcv—And from this p- 
neral construction, he adverts to a number of particular 
simple easel.—Dr. Halley gave also a universal alpbrai- 
cal theorem to find the focus of all sorts of optic gla^l, 
or lenses. also the Philos. Trans. No. 205, or my Abr. 

vol. 3, pa. 593 . . « - . 

V. In Catoptrics, or Foci ^ R^tton, 

These are easily found for any known curve, from this 
principle, that the angle of incidence is always equal tq^o 
angle of reflection. The samc-are also easily fou A by Wr - 
periment, being exposed to any object. . 

The increase of beat from coUectinethe sun s rays into 
a focus, has been found in many casn^of buruing-glossw, 
to bo astonishingly great; the cflect being increwed 
square of the diameter of the glass dJicecds that of the 
focus. If, for instance, there be a burning-glass of 12 
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Inches diameter; this will collect or crowd together all the 
rays of the sun which fall upon the glass into the compass 
of about ^ pure of an inch: then^ the areas of the two 
spaces being as the square of 12 to the square of or as 
the square of 9^ the square of that is> as 92^6 to 1; 
it follows^ that the heat in the focus will be 9216 times 
greater ihnn the sud^s common heat. And this will have 
an effect as great as the direct rays of the sun would have 
on a body placed at the 96 th part of the earth’s distance 
from the sun ; or the same as on a plauet that should 
move round the sun at but a very little more than a din- 
meter of the sun's distance frornJlitii, or (hat would never 
appear farther from him than about 36 minutes. 

Besides Dr. Halley's method for tinding the foci, several 
other authors have written upon this subject; as Mr. 
Ditton, in his Fluxions ; Dr. Gregory, in bis Elements of 
Dioptrics; M« Carre, and Gui^nce, in the Mcmoircs dc 
FAcarl.; Dr. Barrow and Sir I. Newton have also neat and 
elegant ways of finding geometrically the foci of spherical 
glasses; which may be seen in Harrow'^ Optical Lectures. 

FOLIATE, a name given by some to a curve of the 2d 
order,expressed by the equation x* s oiy, being one 
species of defective hyperbolas, with one asymptote, and 
consisting of two infinite legs crossing each other, forming 
a kind of leaf, it is the 42d. species of Newton’s Lines of 
the 3d order. 

FOLKES (Martix), an English mathematician, phi* 
losoplier, and antiquary, was born at Westminster, about 
169 O; and was greatly distinguished as a member of the 
Royal Society in London, and of the Academy of Sciences 
at Paris* lie was admitted into the former at 24 years of 
age; made one of their council two years after; named 
vice-president by Sir Isaac Newton himself; and, after Sir 
Hans Slounc, became president. Coins, ancient and mo« 
dern, were a great object with-him; and his last produc¬ 
tion was a book upon the English Silver Coin, from the 
Conquest to his own times. Me died at London in 1754. 
Dr. Birch had drawn up materials for a life of Mr. Folkes, 
which arc preserved at large in the Anecdotes of Bowycr, 
pa. 562 . There are many memoirs of Mr. Folkes’s in the 
Phitos.Trans. from vol.30 tg vol. 46, both inclusive; viz, 
1. Account of an Aurora Borealis, vol.30*«—2. Of Lieu- 
wcnhock^s curious Microscope, voL 32.-3. On the StamU 
ard Measures in the Capitol at Rome, voL 39*—4^. Obscr* 
vations of three Mock-suns, vol. 404—5. On the Fresh¬ 
water Polypus, vol. 42.-6. On human bones petrified, 
Yol. 43.— 7 . On a passage in Pliny’s Natural Historyi vul. 
44 ,_S, On an l^rthquakc at London, vol. 46\— 9 . Ditto 
at Kensington, vol. 46 .—10. Ditto at Newton, vol. 46 . 

FOMAMAUT, orFoMALHAUT, astar of the 6 rst mag¬ 
nitude in the water of the constellation Aquarius, or in the 
mouth of the southern fish. Its latitude is 21^ 6 ’ 28’^ 
south, and mean longitude to the beginning of 176 O, 
IPO'^28'55". 

FONTENELLE (Bzekard i>e)i a celebrated French 
author, was born at Rouen in l657» and died in 1756, 
having nearly attained his lOOth year. He was a univer¬ 
sal genius: at a very early age be wrote several comedies 
and tragedies of coiuiderable merit; and be did the same 
at a very advanced age. Voltaire declares him the most 
universal genius the age of Lewis the I4tU produced; and 
compares him to lands situated in so happy a climate, as 
to produce all sorts of fruits. Uis lust comedies, though 
thev showed the elegance of Fontenclle, were, however, 
iittle fitted for the stage; he then also produced an Apology 


for the Vorljccs of Di*scarles; on winch \*oltairo says, 

We must excuse his comedies, on account of his gicat 
age; and his Cartesian opinions, as they were those of 
his youth, when they were universally received all over 
Europe." 

In his poetical performances and Dialogues of the Dead, 
the spirit of Voiture wsis discerned, thou;^h mure extended 
and more philosophical. Ilis Plurality of Worlds is a work 
singular in its kind: his design in this wasj to present that 
part of philosophy to view in a gay and pleasing dress. 

Fontcnclle applied Jiiinsclfalso to muthcmatjcs and na¬ 
tural philosophy ; in which he proved not loss succt-ssful 
tiian he had been in polite literature. Ha\ing been ap¬ 
pointed perpetual secretary to the Academy of Scienci*^, 
he discharged llmt trust above 40 years w ith universal ap¬ 
plause : his History of the Academy often throws great 
light on their Memoirs, which arc sometimes obscure; and 
it has been said, he was I lie first who introduced elegance 
into the sciences. 1 lie hinges, wduch he prunemneed on 
the deceased members of the Academy, have this peculiar 
merit, that they excite u respect for thu§cicnces as well as 
for the authors. 

On the whole, Fontcnclle must be considered as the great 
master of the new art of treating abstract sciences, in a 
manner that make their study at once easy and agreeable: 
nor arc any of bis works of other kinds void of merit. All 
those talents which he possessed from nature, were assisted 
by a good knowledge of history and languages: and he 
perhaps surpassi^s all men of learning who have not had 
the gift of invention. 

Besides Ids poetical and theatrical works, with those of 
belles-lettres, &c, he published Elemens dc Geometric de 
rinfini, in 4(o, 1727; also (he 'I'hcoric dcs Tourbillons 
Cartesiens; and Discuurs Moraux et Philosophiqucs. All 
bis dilferent works were collected in eleven vplumes 12 mo, 
under the title of (Eutr<s D*vcrses^ 

FOOT, a measure of length, divided into 12 inches, and 
each inch supposed to contain S barley-corns in length. 
Geometricians divide the foot into 10 digits,and the digit 
into 10 lines, Ac. 

It seems this measure has been taken from the length of 
the human foot; but il is of different lengths in different 
countries. The Paris royal foot is to the English foot, as 
4263 to 4000, or nearly 16 to 15,and exceeds the English 
by lines. The ancient Roman foot of the Capitol con¬ 
sisted of 4 palms; equal to 11 inches and English; the 
Rbinland, or Leyden foot, used by the northern nations, is 
to the Roman foot, as 19 (o 20 , For the proportions of 
the foot of several nations, compared with the English, see 
(he article Measure. 

.S^i/rircFoOT,isasquarewhosesideis 1 foot, or 12 inches, 
and consequently its area U 144 square inches. 

Cubic Foot, isa cube whose side is one foot, or 12 inches, 
and consequently it contains 12^ or 1728 cubic inches. 

Foor-ionA:, or Foor-srep, in Fortifi. See Banquette. 

FORCE, yU,OT Power^ in Mechanics, Philosophy, Ac, 
denotes the cause of the change io. the state of a body, 
with rcspc^ct to motion, rest,.pressure, Ac; as well as its 
endeavour to oppose or resist any such change. Thus, 
whenever a body, which was at rest, begins to move; or 
when its motion is either not uniform, or not direct; the 
cause of this change in the state of the body, is what is 
called Force, and is an external cause. Or, while a body 
remains in the same state, eitlicr of rest, or of uniform and 
rectilinear motion, the cause of its remaining in such state, 
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in lltc tiature of (lie* body, being an iniinto internal force* 
nud is called inertia, 

M<*cbanical forces may be reduced to luo sorts ; one of 
a body at rest, tiie other of a body in motion. 

'l*be force, &:c, of a body at rest, is that which we con* 
cetve to be in it when lying on a plane, or hanging by a 
rope, or supported by a spi ing, &c; and this is called 
Pressure, 'IVnsion, Varcc, or Vis Mortua, Solicitatio, Co* 
natus Movendi, Conariien, &c; which kind of force may 
be always measured by a weight, \v/., the weight that sus* 
taiiis iu 'fo this class of forces may also be referred cen* 
tripctal and ccJiirifugal forces, though they reside in a body 
in motion ; because these forces are homogeneous to 
weights, presMirts, or I' lisions of any kind. The pressure, 
or force of gravity in any body, is proportional to the 
tjuantity of matter c<»htain( d in it. 

The f(»rce of a body in motion, is a power residing in 
that boriy, so long as it continues its motion; by means of 
which, it is able to remove those obstacles^ which are op* 
posed to it ; or to lessen, destroy, or overcome the force 
of any other niosing b<idy, which meets it in an opposite 
direction ; or to suriiHmiil any the lurgt^t dead pressure 
or resistance, hs tension, gravity, friction, Acc, for some 
time ; but which will be lessened or destroyed by such re* 
sistance as lessens or destroys the motion of the body. 
'Phis is calloti Vis Molrix, Moving Force, or Motive Force, 
and by some late writers Vis Viva, to distinguish it from 
the Vjs Mortua before mentioned; and by these appcila* 
tions, however different, the same thing is understood by 
all mathematicians; namely, that power which is inherent 
ill a moving body, and which accompanies it in whole, or 
911 part, as long as the body is in motion; so as to displace, 
or to withstand opposite moving forces, or by which it 
overcomes any dead resistance, &c, which force is other* 
wise called Percussion, or Percussive Force,nr Momeniuin. 

Dut concerning the measure of this kind of force, ma* 
fliemnticians have boi*ii divided into two parties. It isal* 
lowed on both sides, that the measure of (bis force de* 
pends partly on the mass of matter in the body, or its 
weight, and pOTtly on the velocity of its motion ; so that 
oil any increase of either weight or velocity, the moving 
force b(*comes greater. It is also agreed, that the veto* 
city being given, or lH*ing the same in two moving bodies, 
their foret*s are in proportion to their masses or weights* 
But, when two bodies are equal, and the velocities with 
which they move an* different, they no longer agree about 
the measure of the moving force. 

The Cartcsiiins and Newtonians mainiain, that, in this 
ease, the moving force is in proportion simply as the vc* 
locity with which a body movt^; so that with a double 
velocity it has a double force, : But the Leibnilians 
assert, that the moving force is {iroporttonal to the square 
of the velocity; so that, with u double velocity a qua¬ 
druple force will bo produced, 6rc* Or, when the bodies 
are different, the former bold, that the momentum or 
moving force of bodies, is in the compound ratio of their 
weights and velocities: while the latter maintain, that it 
is in the compound ratio 6f the weights and squares of the 
velocities. 

Though LeibniUs was the first who expressly asserted, 
that the force of a body in motion is as the square of its 
velocity, which was in a paper inserted in the L^psic Acts 
for the year iffSfi, yet it is thought that Huygens led him 
into that notion, by some demonstrations in the 4tb part 
pf his book De Horologia Oscillatorio, relating to the 
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centre of oscillation, and by bis dissertations, in answer 
to the objections Of the abbot Catalan, one of which was 
published in 1684. This eminent mathematician bad de¬ 
monstrated, that in the cglli»ion of two bodies that arc 
perfectly clastic, the sum of (be products of each body 
multiplied by the square of its velocity, was the same after 
(Iu* shock as before (though the same thing is true of 
the* sums of (he products of the bodk*s multiplied simply 
by their vcloci(ic*s). Now that proposition is so far ge¬ 
neral as to obtain in all coIUsions of bodies that are per- 
feedy clastic : and it is also true, when bodies of a perfect 
elasticity strike any iinm^eable obstacle, os well as when 
they strike one another; br when they arc constrained by 
any power or resistance to movcio directions different from 
those in which they imp^l one another. These considera¬ 
tions might have induced Huygens to lay it dqwn as a ge¬ 
neral rule, (hat bodies constantly preserve (heir ascen* 
sioiml force, i.c. the product of their mass by the height 
to which their centre of gravity can ascend, which is as 
(lie square of the velocity ; and therefore* in a given system 
of bodies, (he sum of the squares of their velocities will 
rcmuiii the same, and not be altered by the action of the 
bodies among theinselvcs, nor against immoveable obsta¬ 
cles. Lcibnit/s metaphysical system led him to think 
that the same quantity of action or force subsisted in the 
universe; and finding this impossible, if force were c$ti« 
matcd'by the quantity of motion, he adopted Huygens's 
principle of tbe preservation of the ascensional force, 
and made it tbe measure of moving forces. Dut it is to 
be observed that Huygens's principle, above-mentioned, is 
general only when bodies arc perfectly elastic : and in 
some other eases, which Maclaurin has endeavoured tO 
distinguish: showing at the same time that no useful con¬ 
clusion in mechanics is affected by the disputes concern¬ 
ing the ineasun^ of the force of bodies in motion, which 
have been objected to mathematicians* Analyst, Query 
See Maclaurin's Fluxions, vol.2, art. 533; Huygens,Oper» 
tom* 1, pa. 248 ; Ac. 

Leibnitz's principle was odoptetl by several persons; al 
Wolfius, the Bernoullis, Mr. Dan. Bernoulli, in his* 
Treatise, has assumed (he preservathm of thcvisasccn- 
dens of Huygens, or, as uibers express it, the conservatio 
virium vivarum; and, in lk*rnoiini's own expn*ssiuD| 
srquaiitas inter descensum nctuulem ascensuin(|ue potefU 
tialcm, as an hypothesis of wonderful um^ in mechanics* 
But Dr.^urin contends^ that the conclusions drawn from 
ibis principle are oftener false than true. See De Con* 
servat. Virium Vivarnin Disseit* Umd. 1744* 

Catalan and Papin answered LA*ibiutz's paper published 
in 1686 ; and from that time the controversy became 
more general, and was curried on for several years by 
Leibnitz, John and» Daniel Bernoulli, Poleni, WolGus, 
Grav*esande, Camus, Musebenbroek, ^c, on one side; and 
Pemberton, Eames, Desaguliers, Dr« Clark, M* de Mai* 
ran, Jurin, Maclaurin* Robins, iSce, on the other* See 
Act* Erud. 1686, I 690 , I 69 J, 1695; Nouv. de la Rep* 
del Let. Sept. 1686 , 1687, art.^; Comm* EpUu inter 
Leibn* et Bern* Ep.24, p« 143; Dtscourscusurles Loix de 
la Comm, du Mouvement, Oper. tom* 3, & Dlss. de vera 
Notione Virium Vivarum, ib.; Act* Pctropol. tom. 1, 
pa. Hydmnamica, sect* 1; Herman,in Act*Pe* 

trop* tom* I, p«S, Ac ; Polen* dcCastellis ; Wolf* in Act* 
Petrop. tom*], p*SI7, Ac, and in Cosmol, Gepcr«; 
Graves, in Journ. Lit. et Phys. Elem. Math* 1742, lib. 2, 
cep, 2 and Si Memoir* de PAcnd. dea Scicncesi 1728; 
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Muschcnbr. Int. ad Phil. Nat, 1762, vol.l, p. 83 Arc; 
Pcrob, &c, in Phil. 'Irans. No, 371* 375, 376, 396, 
400,401, or my Abrji^g. vol. 6, p,570 6:c. Mairan in 
Mem. de rAcud. dc3>*Sc. 17*28, Phil. Trans. No. 459, 
or AUrid*:, voi.7> }).637, Philos/l'ians. vol.43, p. 123 
&c; Alaclaurin*s Acc. of Newton's Discoveries, p. 117 
&c, Flux, ubi supr. uimI Rccueil <le5 Pieces qui ontempoi (e 
le Prix lom. 1 ; Desagul. Course Kxp. Philos. vol,I, 
p,393 &c, voi.2, p-49 i and Robins's Tracts, vol. 2, 
p. 135. 

The nature aacJ limits of this work will not admit of a 
full accounfof the arguments and c.Kpcriin<*ius that ha%'e 
been ursed on both sides of the question ; but they may 
bo found cliiefly in the preceding references. A lew of 
them however may bo considered, as follows. 

The defenders of I.eibhit^'s princi|de, besides the argu¬ 
ments above-mentioned, refer to the spaces that boilies 
ascend to, when thrown upwards, tir tl»e penetrations of 
bodies let full into soft wax, tallow, clay, snow, and other 
soft substances, which spaces are always as the ^quares of 
the velocities of the bodies. On the cither hand, their op¬ 
ponents retort, that sucli spaces arc not trie measures of 
the force in question, which is mther percussive and mo¬ 
mentary, as those above are passed over in unequal times, 
and arc indeed the joint ctfect of the forces and times. 

Desaguliers brings an argument from the familiar ex¬ 
periment of Uie balance, and ihe other simple itlechanic 
powers, showing that the effect is irvproportion to the ve¬ 
locity multiplied by the weight; for example, 4 pounds 
being placed at the distance of 6 inches from the centre 
of motion of a balance, and 2 pounds at the distance of 12 
inches; these will have a vis viva if tlie balance be put 
into a swinging motion. Now it appears that these forces 
arc equal, because, with contrary directions, they soon 
destroy each other; and they are to each other in the 
simple ratio of the velocity multiplied by the mass, viz 
4 X 6 24, and 2 x 12 = 24 also. 

Mr. Robins, in his remarks on J. Hcrnoulli*s treatise, 
entitled. Discours sur Ics Lojx de la Communication du 
Muuveinent, informs us, that Leibiutz adopted this opi¬ 
nion through mistake; for though he maintained that tbe 
quantity of force is always the same in the universe, he 
endeavours to expose the error of Descartes, who also ns- 
s^ed, that the quantity of motion is always the same ; 
and in his discourse on this subject in the Acta Erudite- 
rum for 1686, he says that it^s agreed on by the Carte¬ 
sians, and all other philosophers and matbemafivians, that 
there is the same force requisite to raiK* n body of I pound 
loathe height of 4 yards, as to raise a body of 4 pounds 
to the height of 1 yard; but being shown how much he 
was mistaken in taking that fur the common opinion, 
which would, if allowed, prove the force of the body to be 
as the square of the vchicity it moved with, ho afterwards, 
rather than own himself capable of such a mistake, en¬ 
deavoured to defend it as true ; since he found it was the 
necessary consequence of what he had onc<‘ and 

he maintained, that the fierce of a body in motion was 
proporliofutl to the heiglit from which it must fall, to ac¬ 
quire that velocity; and the heights being as thb square of 
the velocities, the forces would be its the marsc^s multi¬ 
plied by them; whereas, when a body di scends by its gra- 
vi^, or is projected prrpvndicularty upwards, iu motion 
may be considered os the sum of the uniform and conti¬ 
nual impulses of the power of gravity, during its falling 
ip.the former case, aod till they extinguish it ia the latter* 
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Thus when a body is projected upwards with a double ve¬ 
locity, these unitorm impulses must bo continued for a 
double lime, in order to destroy the motion of the body ; 
and hence it follows, that the body, by setting out with a 
double velocity, and ascending for a double time, must 
arise to a quadruple height, before its motion is exhausted. 
But this proves tlial a body with a double velocity moves 
with a double force, because it is produced or destroyed 
by the same uniform power continued for a d< uble lime,, 
and not with a quadruple force, though it rises to a qua¬ 
druple height; so that the error of LAuhnitz consisted iu 
his not considering the lime, since tiie velocities alone are 
not the causes of the spaces described, but the times and 
the velocities together; yet this is the fallacioii!* argument 
on which he first built his new doctrine; and tliose which 
have been since much insisted on, and derived from the 
imlcntings or hollows produced in soft bodies by others 
falling into them, are much of the same kind. Robinss 
IVacts, vol.2, p. 178. 

But many of the experiments and reasonings, that have 
been urged on both side's of this controversy, have btx^ri 
founded in the different senses applied to the term Force. 
The English and French philosophers, by tlie word Force, 
mean the same thing us they do by momentum, motion, 
quantity of motion, pt*rcussion, or instantaneous pressure, 
which is measured by the mass tlrnwn into rlie velocity, 
and muy be known by its effect; and when they consider 
bodies as moving through a certain space, they allow for 
the time in which that space is described : vvhereas the 
Dutch, Italian, and German philosophers, who have 
espouserl the new opinion, mean by the word Force, or 
Force inherciU in a body in motion, that which it is able 
to produce; or, in other words, the force is always mea- 
surt'd by the whole effect produced b) the body in motion, 
until Its wholeforce becniirely communicated or destroy¬ 
ed, without uny regard to the lime employed in producing 
this total effect. Thus, say they, if a point runs through 
a determinale space, and prisscs with a certain given 
force, or intensity of pressure, it will perform the same 
action whether it move fast or slow, and therefore the 
time of the action in ibis case ought not to be regarded. 
Graveannde, Phys. El. Maih. $723—728. 

Euler observes, with regard to this dispute concerning 
the measure of vivid force, or living force, as it is some¬ 
times called, that we cannot absolutely ascribe any force 
to a body in motion, whether we suppose this force pro¬ 
portional to the velocity, or to the scjuarc of the vplocityr 
for the force exerted by a body, striking anotluT at rest, 
is different from that which it exerts in striking the same 
body in motion; so that this force cannot he nseribed to 
any body considered in itself, but only relatively to the 
other bcidii^s it meets with. 1'hcre is iio force in a body 
absolutely considered, but its inenin, which is always the 
same, whether the boily be in motion or at rest. But if 
this body be forced by others to change its stale, its inertia 
then exerts itself as o force, propiwly so colled,' which is 
not absrdiitely determinable; because it depends on^thc 
changes that happen in the state of the body. 

A second obMTvution wliich has hci*n iiuule by some 
eminent writers, is, that the cffc<n- of n shock of two or 
more binlies, is not produced in an instant, but requires a 
certain interval of time. Admitting this to be the case, 
the heterogeneity between the vis viva and mortua, or 
living and dead force, will vanish; since a pressurt* may 
always be assigned, which in the same time, however lit tie, 
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'‘luill (lie <;ame effect. If ihcn the vis viva be ho- 

(o the iMortUi^ and having a perfect mea¬ 
sure atiil kno*\ ledi^e of the )atl<T, we tiee<t rec^uire no 
otlurmeDMire of the* former than that which is derived 
IroiM the vis rourtiui equivalent loit. 

Now that the change in tliestateuf two bodies^ by thcir 
shock, does not hn(>})eii in an instant, appears evidently 
frojii ilieexperiinents made on suit bodies: in lhese> per- 
cn>sioa fonns a small cavity, visible after the shock, if the 
I'fxiies have no < las(iciiy. Such a cavity cannot ceriainly 
hr made in an instant. i\nd if the shock of soft bodies 
r;<piire a ^letcrminate tim<\ we riiist certainly say as much 
cd iIk* luudcst, tliougif this time may be so small as to be 
heyomi all our ideas. Neither can hi\ instatitaneoiissliock 
a^rer with that constant law of nature, by virtue of which 
nothing is )><'rtonned per saluim. Hut U is nct^dless to in¬ 
sist fartluT upon this, since the duration of any shock may 
be d( lennined Ironi the most Certain piinciplcs. 

'I lie force of percussion, resulting from the pressures 
I hat bodies exert on t*ach other, wliilc the collisuui lasts, 
may lu* fierirctly known, if tliese pressuri*s be detcrmine<l 
li>r every instant of the shock. '1 he mutual action of the 
IkmIics begins the first moment of their contact; and is 
then l(^i^t; affer which this action increases, and becomes 
iireatcst when llie rect|)rocul impressions are strongest. If 
the bodies liave no elasticity, and the impressions they 
iiase receivcul remain, the forces will then ccasc. But if 
the bodies be clastic, and the parts compressed restore 
themselves to ihcir former state, then will the bodies con* 


respect to them may be considered as nothing. What he 
supposes concerning the hardnessbodies, neither implies 
clasiicity nor the want of |t, as elj^icity only produces a 
restitution of figure and imprt^ron when the pressing 
force ceases; but this restitution need not be here consi¬ 
dered. It is also supposed, that the bodies which strike 
each other, have plane and equal bases, by which they 
touch each other in the collision ; so that the impression 
hereby made diminishes the length of each body. It is 
farther to be observed, that in M. Euler's calculations, 
bodice are supposed so constituted, that they may not only 
receive impressions from the forces pressing them, but that 
a greater force is requisite to make a greater iiiiprc*$sion« 
This excludes all bodies, fluid orsolirl, in which (he same 
force may penetrate farther and farther, provided it has 
time, without ever being inequilibrio with the resistance: 
thus a bo<iy may continually penetrate farther into soft 
wax, though the force impelling it be not increased: in 
these, and the like cases, nothing is required but to sur¬ 
mount the. first obstacles; which being once done, and 
the connexion of parts broken, the pcnctruliiig btuly always 
advances, meeting with the same obstacles as bolorr, and 
destroying them by an equal force. But this celebrated 
genius only considers the finl obstacles which exist before 
any separation of parts, and which arc doubtless such, 
that a greater impression rcc^uircs a greater force. Indeed 
this chiefly lakes place in clastic bodies; but it seems like¬ 
wise to obtain in all ^dics when the impressions made on 
them are small, and the contexture of their parts is nctal- 


tinue to press each other till they separate. To compre- 
hun<l therefore perfectly the force of percussion, it is requi¬ 
site first to define the time the siiock lasts, and then to as¬ 
sign the pressure corresponding to each instant of this lime; 
and as the effect of pressures in changing the stale of any 
body may be known, we may tbcncc come at the true 
cause ol the change of motion arising from collision. The 
force of percussion therefore is no more than the opera¬ 
tion of a variable pressure during a given time; and to 
measure this force, wc must have regard to the time, and 
to the variations according to which the pressure increases 
and decreases. 

Euler has given some calculations relative to these par¬ 
ticulars; and he illustrates their tendency by this instance: 
buppu!)e that tiic hardness of the two bodies, a and B, is 
e(|ual; and such, that being pressed together with the 
force of IriOlbf the iinprc^ssiun made on each is of the 
di pth of 77^9^1^ a foot. Suppose also that B is 

fixed, and that A .strikes it with the velocity of 100 feet in 
ubccoud; then, according to this author, the greatest force 
of compression will be equivalent todOOlb, and this force 
will produce in each of these bodies an impression equal 
to of a foot; and the duration of the collision, that is, 
till the bodies arrive at Uicir greatest compression, will bo 
about of a second. M. Euler, in his calculations, 
supposes tile hardness of a body to be proportional to the 
force of pressure requisite to make a given impression on 
it; eo that the force by which a given impression is made 
on u body, is in a compound ratio of the hardness of the 
body and of the cjuantity of the impression. But be ob¬ 
serves, thot regard must be had to the magnitude of the 
bodies, as the same imprcyssion cannot be made on the least 
bodies as on the greatest, from the defect of space through 
which their component particles must be driveU: be con¬ 
siders tlioreforc only the least impressions, and supposes 
tiic bodice of such magnitudes, that the impressions with 


tered. 

These things being premised, let the mass or weight 
of the body a be expressed in general by a, and let its 
velocity before the shock be that which it might ac¬ 
quire by falling from the height a. lutther, let the hard¬ 
ness of A be expressed by ii,,and that of B by N, and 
let the area of the base, on which the impression is- 
made, be cc; then will the greatest compression be made 

with the force “ ao). Therefore, if the hard- 

ness of the two bodies, and the plane of their contact 
during the whole time of their collision*bc the same, this 
force will be ns y^Atf, that is, as the square root of the 
vis viva of the striking body a*. And os a is proportional 
to the velocity of the body a, the force of percussion will 
be in a compound ratio of the velocity and of the subdu- 
plicatc ratio of the mass of the body striking; so that m 
this case na^cr the Leibnitian nor the Cartesian proposi¬ 
tions take ^Ikcc. But this force of percussion depends 
chiefly on the hardness of the bodies; the greater this is, 
the greater will the force of percussion be. If M = w, this 
force will be as ^(mcc x ao), that is, in a compound sub- 
duplicatc ratio of the vis viva of the striking body, of the 
hardness, and of the plane of contact. But il M, the hard¬ 
ness of one of the bodies, be infinite, the force of percus¬ 
sion willbe as ^(kcc X Ao); at the same time, if M— K* 
this forc^ill be as v'Ciwcc x m). Therefore, all other 
things being equal, the force of percussion, if the striking 
body be infinitely hard, will be to the force of percussion 
when bottf the bodies arc equally hard, hs v^2 to I. 

Euler further deduces from his calculation, that the im¬ 
pression received by the bodies a and B will be as follows; 

viv fis —_and a/—— respectively. 

VIK, V + N) X Met V (M 4- H) X NfC 

If therefore the hardness of a, that is m, be infinite, it will 

suffer^o impression j whereas that on b will extend to the 
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depfh of »/-—, But if the hardness of the two bodies 
bo llic samei or m = k> they will each receive equal im- 
of the depth s /——• So that the impression 
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received by the body B in this case, will be to the impres¬ 
sion it receives in the former, as 1 to 

Euler has likewise coDsidcred and computed the case 
where the striking body has its anterior surface convex, 
W'jth>*which it strikes an inimovonblc body whose surtace 
is plane. He has also examined the case when both bodies 
are supposed immoveable; and from his formulae he dc- 


foRCE is distinguished into moi! ’e atnl arcrl<*jaiive nr 
rctardise. # 

Jilotivc Fori k, oiIhtw ise called ^loinentum, or f orce ot 
Percussion, is the absoJijte iorcc of a bi»d\ u> inotioii. {<c ; 
and is cxpicased by tiio product of iIk* wei5ht or ina'^s of 
matter in the bodv multiplied by the velocity ui(h which 
it moves. But 

Acc^leraiive Fokce, or Hciardivc Forck, is that wliich 
respects the velocity o\ the motion «'nly, accelcnUini' or re¬ 
tarding it; and it is denoted by the quotient of the nuilive 
force divided by tlm mass or weight <*i the body. So, if m 
denote the motive force,and b the body, or its weight, and 


duces the known laws of the collision of elastic and non- 
clastic l>odjes. He has also determined the greatest pres- ^ accelerating or Awarding force, then is / as ” 


burcs the bodies receive in these cases; and likewise the 
impressions made on them. In particular he shows, that 
the impressions received by the body struck, or b, if move¬ 
able, is to the impression received by the same^body when 
fixed, as to ^(a b). 

There arc several curious, as well as useful observations, 
in Desaguliers’s Experimental Philosophy, concerning the 
comparative forces of men and horses, and the best way of 
applying them. A horse draws with the greatest advan¬ 
tage when the line of dirccuon is level with his breast; in 
sucli a situation, he is able to draw 2001b for 8 hours a 
day, walking about 2| miles an h^ur. But if the same 
horse be made to draw 2401b, be cqn work only 6 hours a 
day, and cannot go quite so fast, ,On a carriage indeed, 
where friction alone is to be overcome, a middling horse 
will draw lOOOlb. But the best way to try the force of a 
horse, is to make him dnw up out of a well, over a single 
pulley or roller; and iiq&at case, an ordinary horse will 
draw about 2001 b, as bcfqrc observed. 

ft is found that 5 men arc of equal force with one horse, 
and con with equal ease push round the horizontal beam 
of a mill, in a walk 40 feet wide; whereas 3 men will do 
it in a walk only 19 feet wide. ' 

The worst way of applying the force of a horse is to make 
him carry or draw up bill: for if the hill be steep, 3 men 
will do more than a horse, each man climbing up faster 
with a burden of lOOlb weight, than a horse that is loaded 
with ^Olb: a difference which is owing to the position of 
the parts of the human body being better adapted to climb, 
than th<!ilc of a hone. 

On the other hand, the brnt way of npplylDg the force of 
a horse, is the horizontal direction, in which a man can 
exert theilcast force; thus, a man that weighs 1401b, when 
drawing a Jjoat aloHg by moans of a rope coming over his 


Again, forces are cither constant or variable. 

(hnstutii I'oRcEs arc such as remain and act continually 
th c same forsomo detenninute time. Such, for oxauipks 
is ihe foice of gravity, ^hich acts constantly the same uj)(ih 
a body while it continues ol the same distance front the 
centre of the earth, or from the centre of force, wherever 
that may be. In the case of a constant force r acting upon 
a body 6, for any time/, wc have these following theorems; 
putting 

/s the constant accelerating force = r 
V = the velocity at the end of the time /, 
f = the space passed over in that time, by the con¬ 
stant action of that force on the body: 
and^ = l6^ feet, the space generated by gravity in 1 
second, and calling the accelerating force of gravity l; 

then is 4 = — gft* =-: 
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Variable Forces are such as are continually changing 
in their efieci and inten^y; such as the force of grasiiy 
at differejtt distances from the centre of the earth, which 
decreases in proportion W the square of the distance in¬ 
creases. In variable forces, theorems similar to those above 
may be exhibited by using the fluxions of quantities, and 
afterwards taking the fluents of the given fluxional equa¬ 
tions. And herein consists one of the great cxcellcncii^ 


of the Newtonian or modern unnlysis, by which wc are 
enabled to managtf, and cumputo the cflecis of all kinds of 
_ . . ^ variable forces, wbi'thcr*Uiceleiuting or retarding. Thus, 

shoulders, cannot draw above 27lb, or exert above 1 - 71 ^ using tbe.sain^* notation as above lor constant forces, viz. 


has been in motion by the action of the variable force, v 
the velocity goneiatod in that lime, 9 the space rtiii over 
in that time, and ^ feet; then is 




V 




p,rl of ibe force of a liorse employed to the same purpose; the accelerating forctytt any iii>tanl, t the time a body 

«o that in ibis way the force of a horse is equal to that of . . y. .... j 

T men. 

The best aixl most cfTectual posture in a man, is iliat of 
rowing; when he not only acts with more muscles at unCe 
'for ^v ercoming the rcsisUinco, than in any other pusiiiun; 
buRlso as he pulls backwards, the weight of his body as¬ 
sists by way of lever. Sec Desaguliers’s Exp. Philos. v«d. I, 
pa. 24l, where several other observations are made relative 
to force acquired by certain positions of the body; from 
which that author accounis/or most feats of strength and 
activity. See also a meipoir on this subject by M. l.ahirc, 
in the l%ro. Roy. Acad. 1729; or in DesaguUers s Exp. Ac. 
pa. 26 )wc, who has published a translation of part of it 
with remarks. 

VoL. I. - 3 2 


‘■Vr* 

Ill these four theorems, the forced, though variable, is 
supposed to be fonslaiit for the indennitcly small lime }; 
oiidlliey are to be used in all coses of variable forces, as 
the former ones in constant forces; viz, from the circum¬ 
stances of the problem under consideration, deduce a ge¬ 
neral expitsfsion for the value of the force/, at any inde- 
fniitu time ly then substitute i^io one of thc-se theorems, 
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•rtljich sliiill Uc proper to the case in hunJ ; and the ecjua^ 
jjori til once le-iulting will determine the cone spending va 
lues oftlic otiu r qnaiiUlios in the prnldem* It h al«o to 
be oh'^eiveti, tliai the foregoing theorems ecjually hold pood 
ti‘r the dc^tnu tion of mniion and velocity, by means of re- 
t lulitig or n si'l itjg forces, lor the iienerution of the same 
by men ns ol arcileniting force'^. Many applicalionsoJ these 
tfii orcms may he seen in my MalliejnatiC", vol. *2. 

IlnTenre many olherrhaioininuiions and kinds of forces; 
Mjch as altraclivv, centnd, ccnlnfiigal, ^:c, &c ; for^hich 
^ee the respective words, 

FOIICKS, t/tc K^niltbrh/m rtf^ or (he Comjwuiion f(*(d 
liCsolution ofy is the coii'-piring and opposing ol two or 
!in»rc forces, so as to balance one uiioiIkt, or to keep 
M ( qiinibno the hmly on point against wliich they nil 
imuually net.—eqmlil>nurn ti;ay be of two, or <d* 
i!irec, or of any other nuinher of forces. In the case ot 
tno forces only, it is inanif st that they most he both 
equal in qnanlity, and in directions exactly opposite. Tor, 
it they be noi dticelly opposite, the body or point of 
meeting must inr)ve lowaids mie side; and if tlu-y be not 
equal, the greater will ]n<'vnil o\cr the les^, and carry this 
along \>ith it, with ilu’ddlVTonec of the tuo !^*rcc^. Hence, 
in all the cases of i (pniiliiiniu and compOMtion^ of tlirec 
c.r more forces, the practice must he to compose and re- 
iince nil the given force> into one, o{n given quantity', ami 
liming a give n direction ; for then taking another, of an 
e(]ua) qtuiiitity', and giving it t!ic opposite direction, it will 
be in equililn io with all llic former given forces, so com- 
IxMindcil ingetluT*—Tins will divide into two or three or 
any other iunnb< r of forces, as beltiw. 

Parallelogram or Triangle t^FFoucKS, is when two ob- 
iitpio forces are giYcn> to compound them, in older to 
find a third force to bhlancc thorn. So, if I'i . 

.An, AC be llie two given forces, acting at 
the Common ]ioint a : drav^ no parallel 
mid equal to ac, ami join ad ; then is 
Ana force compounded of, andcquivin 
lent to, the two giwn forces ah, ac. 
ileiicc if, in AU produced, there be 
taken ae := ad ; then ae will be the equivalent balancing 
force to AD, and eonbcquently to the two giNen forcC*s AD, 
AC.— From the circumstance of the (wo given forces ad 
and AC, or AD and dD| forming, with their equivalent com« 
pound AD, a triangle add, arises the phrase Triangle of 
Forces* And from the circumstance of a parallelogram 
Aiioc being formed l^y joinings CD, that the expression 
PanilUlogram of Force s lias arisenJl—From the foregoing 
method of compounding two forces into one, will ca'sily^ 
follow the composition of any iiUfnber whaloTr of forccs*^ 
into one; viz, first compound two together, (hen tliat anti 
a 3ili next that and a llh, and so on to the In^t, what- 
cror Clieir number may be; which may be symmetrically' 
callt tl tlic Polygon of Forces, as below* 

Poljfgon of Forces, is (he compounding together any' 
nnniher of forces into on^. As, 
t!ie four forces ad, ac, ad, ae, 
all acting at the point a. From 
tlie extremity n of the first, draw 
nr parallel and equal to tlie 2d 
AC ; then ¥0 parallel and equal to 
(Ik* dd A D ; la^tly on parallel und 
equal to ihc 4lh AF. ; tMhn Alt, be¬ 
ing joined, is the quaitfity und di- 
leciion of a single force, which is 


r* 


compounded of, and equivalent to, (he four first given 
forces; and consequently! taking ai opposite and equal 
to Alt, then ai, balancing au, will also balance all the 
four given forces* For, by the principle of the TriaTigle^f 
forces, AD and ac, or dp, are cornpounde<l into af; imu 
AF and AD, or fg, are compounded into ac ; lastly ag 
and AT, or oti, are compoucidcd into Alt: and so on, if 
there be ever so many forces.* , 

Force of Running fFr/rer* This be os the square 
of its velocity, nr ws (he licight from which a heavy wdy 
must fall, (o acquire that velocity; because (beeffect is 
first as tlic velocity* of each particle, and also 21s the num- 
lH*i^of them, which is as the velocity again. 

FOEICFII, in Mechanics, is properly a piston without 
a valve. For, by drawing up such a piston, the air is 
drawn np, and flie water follows; then pushing (he piston 
down uguin, the water being prevenied from descending by 
the lower valve, is forced up to any hcTght above, by means 
of a side bj unch between the two.—Sec the ways of making 
(hese in Desagnlierss Kxper. Philos, vol. 2, pa. I0*l &c. 
See also Clare’s Motion of Fluids, pa. 60. 

Forcing Pumpy one that acts, or raises water, by a 
forcing piston, bee above* 

FORLLAND, or Forenf.ss, in Navigation, a point of 
land jutting out into the sea* 

FoRti/AND, ill Fortification, is a small piece of ground m 
Ix'tweeii (ho wall of^a place and the moat; called also ^ 
Bermc and Lrzicro. ^ 

FORfc-STAFF, an mstrument formerly used at sea, for 
taking (ho altitudes of the heavenly' bodies. It is so called, 
because the obsenor, in usingytw turns his face forward 
or towards the object, incontraHRnction to the back-staff, 
with which he turns his back (olne object. It is also colled 
the cross-staff, because it consists of several pieces set 
across a staff. Sec Cnoss-S/q/f* 






The forc-stqg^is formed of a straight square staff ab, of 
about S feet lonf, having each of its four sides graduated 
like a line of tangents, and four crosses, or van||^ vr, ee, 
DD^c, sliding upon it, of unequal Icnglhsi tb*halves of 
which represent ihc radii to the lines o( tan|^ntson (he 
diftrent sides of (be staff. The first or shortest of tlgM 
vfl^, vr, is called the (en cross, or ten vane, and ^lo^s 
to thor^O scute, or that side of the instrument on which 
the divisions begin at 3 degrees, and end at 10* The next 
longer cross, ee, is called the 30 cross, belonging to that 
side of (he staff where the divisions begin at 10 dittoes, and 
end at 30, called the 30 scale* The third vane is 
termed the 60 cross, and belongs to (hat si^o where tlio 
divisions bt^n at 20 degrees, and end at ffO* The last or 
longest vane cc, coiled the flO cross, belongs to (ho side 
where tlie divisions begin at 30 dege^, and end at 90* 
Tbc chief use of this iiiNtrAmcnt, is (0 take .the height 
of the sun, and stars, or tlic distance between two stars: 
and the 10, 30, 60, or 90 cross is to be used, act^dingas 
Ihc altitude is mo% or less; ihg^ is, if the altituoc be less 
than lOdcgrets, the 10 crosinsTo boused; if above 10, 
but less tboD 30, the 30 cros$il#i be used; and so ou* 
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3b obstrv< m Altitudt with a Forc^Utff, Apply ihc flat 
end of the stafl to the eye, and >lid<* one of the crosses 
backw^nU and forwards u|ion it» till over the upper ejid 
of the cros^ be just seen tlie centre of the su?i or star, and 
over tile under end the extreme horizon; then the degrees 
and minutes cut by the cro>s on the side o( tiic stafl'pro* 
per to the vane in usc^ gives the altitude above the 
horizon. 

la like Manner, for tUtVisiance Initxeen ixvo luminaries; 
the Stall being set to the eye, bring the cross ju^t to sub* 
tend or cover that distance, by having the one luminary 
jutt at the one end of it, and the other luminary at the 
other end of it; ami the degrees and inimites, in the dis¬ 
tance, will be cut on the proper side of the stafl*, as before. 

FORMULA, a thcon iu pr general rule, or expression, 
for resolving ccrtaiti particular ca^es ui some probiein, 

So ^s ^ is n general formula for the greater of two quan¬ 
tities whose sum is i and dilierencc d; and ^ is 
the formula, or genenil value, for the less quantity. Also 
s/{di — x^) is the formula, or genera! value, of the or¬ 
dinate to a circle, whose diameter is and absciss x. 

FOR'l'i a small castle or ^fortress; or a place of iticon- 
sidprablc extent, fortified citlier by nature or art* The 
foK is usually encompassed with u moat, rampart, and 
pffapet, {o secure some high groutfd, or passage of a river; 
to makegood or strengthen an advantageous post;*or to 
fortify the lines and quarters of a siege. 

FiWd Fort, otherwise called Fortin, or Portlet,and some¬ 
times Sconce, is.a small fort, built in haste, for the defence 
of a pass or post; but particularly constructed fortlic de¬ 
fence of a camp in ll^e time of a siege, where the principal 
quarters are usually joined, or made to communicate with 
each other, by lines defended by fortius and redoubts. Their 
figure and size are various, according to the nature of the 
situation, and tbe importance of the service for which 
they arc intended; but they arc most commonly made 
sauve, each side about 100 toises, the perpendicular 10, 
and the facets 25; the ditch about this fore may be 10 or 12 
toises wide; the parapet is made of tOrf, an<l fraised, and 
the ditch pallisudoed when dry* There may be made a 
covert-way about this fort, or else a row of pallisadcs 
might be placed on the outside of the ditch. Sumo of these 
are fortified with bastions, and some with demi-bastions* 
fort differs frcm.a citadel, as this last is erected to 
Command and auardVome town; and from a redoubt, as 
it is closed on mli^dcs^hilethe redoubt is open on one side. 

Itoyal Fort, is one whose line of defence is at least 2fi 
fathoms long/ ^ 

Star FufiT, is a sconce or redoubt,, cbiistituled by re¬ 
entering and sail ant angles, having comiuonly from five to 
eight points, and the sides flanking each other* 

Forts are sometimes made triangular, only with^half 
bastions; or of various other figures, regular or irregular, 
and sometimes in the form of ascmicirclc, especially when 
they are situated near a river, or the kd, as at the entrance 
of a harbou^for the convenience of firing at ships quite 
around ilittnon that side* In tbe construction of all forts, 
it should be |emcmbcred, that tbe figure of fewest sides and 
bastions, that oan Mssibly answer the proposed defence, 
is always to tfa prpiirred; u^urks on such apian are 
sooner exAuitodi and^w^b ite expense; besides, fewer 
lr(H>ps and ai% more readily brought to¬ 

gether m ease of.nccessity* 

FORTIFICATION, Ailed also Military Architecture, is 
tbe art of fortifying or strengthening a town or other place, 

# 


by making certain works arouiui it, to secure ami defend it 
from the altackb of cjiemies* Fuitiflcation bus douLib 
been praccist'd by ail nations^ and in all age;*; b^-ini: .it 
first very rude and simple, aiul \arying in its ii iturc ,\i.A 
inanncr, according to ibi* m<*de of attack, uml tlie 
made use of. 1 Ims, uhen villages ami touns v\crc JlrM 
formed, it was found iiece.>.'aiy, U^r ihe comniun saK t>, to 
encompass them \uili walls iin<l diicl.c^, to picvcr.t'ai.v 
violence orsuddcn burpri'cs ffum tluir nei.ljl^. urs. 
ofleiisive and missi>c weapons canie to be u>cd, wulls weri.* 
raised as a defence against the uin, look-IioK* <jf 

loop*)ii)los made through the same toanoov th orieiiiy, l\ 
shooting arrowb, ivc, througli them. Lut liii ung ilxui 
soon as the enemy got close loathe walk, i»,iy could nu 
longer be seen or di&comfitfd byfhe Le^ie^ui, ilicscuih]' d 
square towerb along the wall, at proper dibtunccs fji iu 
each <»thcr, »o tluil all the intervening p.irlb ol the \s:.jl 
might be seen and defended horn the adjacent siiies of iLe 
towers. However, tliia manner of inclobiiii' town^ w, s 
found to be rather imperfect, because there remained .Miii 
the outer face of the lowers wldch fiunted the luld, that 
could not be seen and defendul from any utlier pun. lu 
rctuedy this imperfection, they tiext made the lowers 
round instead of square, as seeming letter adapted both 
for strength to resist the battering engines, and for being 
defended from the other paiU of ll*c wall. Nevcrlhcless, a 
small part of tlicsc towers still remained unsex^n, and inca¬ 
pable of being defended, for w hich reason they were again 
changed for square ones, as before, but w ith tiiis did'erence, 
that now they presented an angle of the s(]uarc outwards 
to the field, instead of a face or side; and thus such a dis¬ 
position of the works was obtained, as thut no part could 
be approached by the enemy without being seen and at¬ 
tacked* 

Since the use of gunpowder, it has botm found neces¬ 
sary to add thick ramparts of earth to the wall&und the 
towers have been enlarged into bastions, as wclfas many 
other things added, that have given a new appearance to 
the whole art of defence, and the iminc of fortification, on 
account of the strength aflbrdea by it, which was about the 
year 1500, when the round towers were changed into 
bastions* 

^^ut notwithstanding all tbe improvements made in this 
aiiwnce the invention of gunpowder, that^of attacking is 
sHirsuperior to it; tbe superiority of tiie besiegers' fiiv, to¬ 
gether with the greater number ofm^n, sooner or later com¬ 
pels the besieged to submit* A special advantage was 
added to the art <^f attacking by M* Vaubun, ut the siege 
of Alh, in the year l697» viz, in the use of ricochet firing, 
or at a low elevation of the gun, by which the shot was 
made to run and roll d great way along the inside of the 
works, to the great annoyance of the besieged. 

The chief authors who have treated of fortification, 
since it lias been considered as a ])articulur art> are the 
following, and mostly in the order of time: viz, LaTreille, 
Alghis}, Maflchi, Pasino, Rnmelli, Cntanco, and Speckle, 
who, as Mr. Robins suy$, was one of the greatest geniusea 
that haOtinplied to this art; he was architect to the city 
uf Strasburgh, and died in the year 15S9: he published a 
treatise on fortification in the Gennun language, which 
was reprinted at Lcipsic in 1736, Afterwards, Krrurd, 
who was cngiiu'cr to Henry the Great of Fi'ancc; Ste- 
vinus, engineer to the prince of Ortkngo; with Muroluis, 
the chevalier de Villc, Loriui, Cochorn, the count <lo 
Fagan, and the marshal de Vauban ; which last two noble 
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a«t>iors }invo coiitrilmft d prcatly to tlje perfection of llic' 
art ; liesides Schfitir, Mallet, Ifclulor, Ulondvl, Muller, 
i\l<.ii(ala:iibeit. \c. Also a li-t of -iM-ral works on tlifc 
ail I'l l'<>ililicatioit may be a(l(I»d,a« follows: \JZ. McUler’s 
I’liiM' f i rtilifiitori.i; lx‘s lortiticalions <lu Comte dc 
L’ln^'nieur I’arfait du Sieur do N'llle: Stuiiny’s 
An liitectura Militaris Ilyputfietical. : Uloiaiel’s Nou\ell<5 
M.inien’dc I'ortilier les I’laccs; tlic Abbe »l(“ ray's\'cii- 
lal.k Miuu'-'ie <!c Hicn roi-lilK‘i : ^■ullba^J|s ly"enicur 
1 lanrois : Coehorn's Nouvelle roTlilicatioif tflnt poor nil 
'Ir iTuiii bas et humide, (jUt see et clev*': Alexander dc 
{iioite’s rortitifatic.ii: Doiiatu-. Uoselli’s Fortiricutioii : 
Meiliano’s Iiigeniciir Fiun^ois; llie Ciu-valicr dc St. Ju- 
lieii'' Aichitcciurc Militaia ; L. iis!ier>:’s Nouvelk-Mu- 
1 ,ui«- «!<■ Fortifier les i’laeis: an anonymous treatise in 
1 lentil, culled Noinelle iManieio tie Fortuier les Places, 
liree tie' Mtili'xlcs du Clicvalier dc Ville.^ec: O/anam’s 
'i raile tie FortiliciUion : Memoires tie rArlilleiio dc Su- 
rirc) tit* St. Ucniy; .Muller’s treatises of Flemenlary and 
Practical Fortification: lliou's tlem. of Fortifieiilion, 
|irinU'd anonymously: and Montalambert's Fortification 
Pcr|H'udiciilairt'. 

in Fortificatiov. From tlic nature and cir¬ 
cumstances of tins art, certain general rules, or maxims, 
liavc been draw n, niitl laid tiown. 'I'licsc may iiitlecd be 
multiplied to any e.'ttcnt, but the principal of (hem arc 
the following: viz, 

1. That the manner of fortifying should.be accommo- 
tiatetl to that of attacking. So that no one manner can be 
assured always to hold, unless it be assured that the man¬ 
ner of besieging is incapable of being altered. Also, to 
ludge of the perfection of a fortification, the method of be¬ 
sieging at the time when it Wiis built must be considered. 

'J. All the purls of a fortification should be etpially strong 
on all sides, where there is e(]uul danger; and they should 
be able to resist the most powerful machines used in be¬ 
sieging. 

3. fortification should be so contrived, as to be de¬ 
fended with the fewest men possible: which consideration, 
when well attended to, saves a great deal of c.xpensc. 

f. That the defendants may be in the better condition, 
liiey must not be exposed to the enemies'artillery; but the 
aggressors must be exposed to theirs. ^ 

5. All the parts of u fortification should be so disp<Mjl(ii], 
us tlmt they may defend cuch other. In order to this, 
every part ought to b« flanked, i.c. seen sideways, capable 
of being seen and defended from somo other part; so that 
tliere be no place where an enemy can lodge himself, cither 
unseen, or under shelter. 

O'. All the champaign around must lie open to the dc- 
fcn<lniits; so that no hill or eminence be allowed, behind 
wliirh the enemy might shelter himself from the guns of the 
fortification; or from which ho might annoy them, with his 
own. Hence, the fortress is to command entirely the' 
place surrounding it; and consequently the outworks must 
all be lower than the body of the place. ^ 

7. No line of defence mutt exceed the point-blank 
musket-sliot, which is from 120 to 150 fatliomsr'*^ 

S. 'File more acute the angle at the centre, the stronger 
is the place; as consisting of the more sides, and conse* 
qvienlly more defensible. 

Ail the defences should be us nearly direct as possible. 
10. The works that are most remote from the centre of 
the place, ought always to be open (o those that are nearer. 
These arc the gcucful laws and views of fortification. As 


to the particular ones, or such as respect the several 
bers or parts of the work, they arc given under those arti¬ 
cles respectively. ^ 

Fortification is cither theoretical or practical. 
7’/«corc/icrt/FoRTiFiCATiox,consists in tracing the phms 
and profiles of a work on paper, with scales and compasses: 
and III examining the systems propo.>c<l by ditferent authors 
to discover their advantages amlUeficts. 

Practica/FoRTJriCATiON, Consists in forming a pro¬ 
ject of a work according to the nature of the ground, and 
othef necessary circumstances,tricing it on the ground, agd 
executing the project, witli all the military buildings; as 
magazines, storehouses, bridges, &c. 

Again, fortification is either defensive or oflensive. 
Vtfmsive Foutitic.vtiok, is the art of defending a town 
that is besieged, with all the advantages the fortification of 
it will admit. And 

OJ'ensire FORTIFICATION, is the same with thcattack of 
a place, being the art of making and conducting all the 
ditfcient works in a siege, in order to gain possession of the- 
place. 

Fortification is also used for the place fortified; or 
the several works raised to defend and flank it, and keep 
off the enemy. All fortifications consist of lines and 
angles, which have names according to their various of¬ 
fices. The principal lines are those of circumvallation, 
contravallution, of the capital, &c. The principal angles 
arc those of the centre, the flanking angle, flanked angle, 
angle of the epaule, &c. . 

Fortifications arc either durable or temporary. 

DiiroMe Fortification, is that which is built and in¬ 
tended to remain a long time. Such arc the usual forti¬ 
fications of cities, frontier places, &c. And a 

Temporary Fortificatiun, is that which is erected on 
some emergent occasion) and only for a short time. Such 
are field-works, thrown up for the seizing and muint aioio K 
a post, or passage; those about camps, or in sie^^^ 
circumvallations, contravallatioiis,-rcdoubts, trenchn, m- 
teries, &c. 

Again, fortifications are either regular or irregular. 
Hef^ilar Fortification, is that in which the bastions 
nrc all equal; or which is built in a regular polygon, the 
sides and angles of which are usuallyabuui a muskct*shot 
from each other. A regular fortifiMtlbn, having the parts 
all equal) has the advantage of bcil^ equally defensible; 
so that there arc no weak places. -V 

Irregular Fortification, is that in which the bastions 
are unequal, and unlike; or the sides and angli-s not all 
equal, nnd equidistant. In an irregular fortification, tlie 
defence and strength being unequal, it is necessary to re¬ 
duce the irregular shape of the ground, os near as may be, 
to a<KguIar figure:, i. e. by inscribing it in an tfval, instead 
of a Circle; so that one half may be similar and equal to 
the other half. 

Afarine Fortification, is somcliraes used for the art 
of raising works on the sea-coast, &c, to 'di^nd harbours 
against the attacks of shipping.—Sec o ncattirafise on Ma¬ 
rine Fortification, at the eqd of Robertson’s Elements of 
Navigation. ♦ " i * 

There are many modes fortifltaiioii) osve 

been much esteemed and uken; a^smoll s|)ecimen of a com¬ 
parative view of the prinApM of these, is rfljjfrcsentcd in 
plate xii> viz, those of Count Pagan, and Mess. Vauban, 
Cochorn, Belldof) and Blonde! > ^he explanation of which 

is as follows: ^ 

m 
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14 Pagans 
A Half bastions. 

B Kavelin and couiitcrguard. 
c CoutUcrguards before tbc bastions. 

U The ditch. 

E Tile glacis. 

G The place of arms. 

H Retired /l:ink$. 
a Lille uf defence. ^ 

2 . Vauban^s St/sfem. ^ 

b Angle of the b;i.stiun, or Hanked angle. 

4 : Angle of the shoulder. 
d Angle of the ilurtk. ^ 

^ Saliant angle. 

. / Face of the bastion. 

g The flank. 

A I'ho curtain. 
i Tenailles. 

k Traverses in (he cov^t way. 

3 . Coch<nn^s Sysitm. 

1 Concave flanks. 

2 The curtains. 

3 Redoubts in the rc^^cnlering angles 

4 Traverses. 

5 Stone lodgments. 

6 Round flanks. ^ 

7 Redoubt. 

8 Coffers planked on the sides, and above covered 

overhead with a foo^f earth* 

4. BcUdar^p^stem. 

X Cavaliers. 

K Ram$«borns, or TenaiUes. 

1. Retrenchments within the detached bastions, 
u Circular curtain. 

N The ravelin. 

p Lunettes with retired ba(tcri(*$. 

Q Redoubt. 

A Detached redoubt, 
s An arrow. 

T Small traverses. 

5. BlondcVs System. 

I Retired battery. 

Vi Lunettes# ^ ^ 

n Ravelin, with retired bastion. ^ 
o Oriilons. . A.. ^ 

' Another, or now method of fdrlification has lately been 
proposed by M. Montalambcrt# called Fortification Per- 
pendiculairc, because the faces of (he vvork&^arc made by a 
series of lines running aigaag perpendiculor tocacK other. 

ProJUe qf a FoutiPic^ioy, is a representation of a 
vertical section of n .work ; rtrving toohow those diruen* 
sioiis which cannot be represented in plans, and arc ne¬ 
cessary ill the building of a fortification, Ihe names and 
dimensions of the. principal parts are as follow (see fig. 8, 
p. ix)t where the numbers or dimensions arc all expressed 
in feet. 

AB The level of the ground plane; 

AC = 27; 

CD s 18i and cw = i6|; also dk is parallel to ab; 

DE a 30; 4 

BF ss jlfgG sss 3 , on s 3, 111 = 4 |, IL = It; 

LK ss 16, All s2^, A? ss 3(), KO = 3, pa =7; 

H8 = 1, ST = 12 or 18, OV s: 9f = 120; 
fnx B 3> nu s 3, me = SO, cd s 2; 

3, s 3fjl s 4^ s 12^ lh=sl; 

The interior talus or slope of the rampart; 
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wLy 01 DE. l lie tcrre-jiU'iii uf diliu; 

so The <tij tli<* up]>cr part, of the baiKjuette; 

HL Tlic inieriur side of the parapet ; 

EM T’hc upper part of ditto ; 

K The cordon of ) foot radius ; 

AP The depth, and Tn llio bn-adUv of the ditch ; 

OQ Interior ^idc of rc'element; 
y a The scarp or exterior side of ditto; 

ST The depth of the foundation ; 

\z Kevetemeut of the parapet; 
nu The counterscarp; 
tnc The covert-way; 
ce Talus of the banquette; 

The upper part of ditto; 

Jit . Parapet of the covert-way; 

/ig The glacis. 

Other sections arc at fig. 2, pi. 14. 

Fortified Place, a fortress, or fortification, i. e. a 
place >vell flanked, and slieltcrcd with works. 

* Foatik, or ForiUt, a diminutive of the word Fort, 
moaning a small fort, or sconce, called also Field Fort. 
Star Fortik, is that whose sidi*» flank each other, A*c. 
FORTRESS^ the same as Fort, or a Fortification. 
FOSTER (Samvel), an English mathematician, was 
born in Northamptonshire, and admitted a si>^or atKnm- 
nucl-coHcge Cambridge in 16T6. Ho took the decree <d‘ 
bachelor of arts in I6T9, and of master in l62J. He ap¬ 
plied early to the mbthematics, ami attained a great pro¬ 
ficiency in them, of which he gave the first specimen in 
lti24, in a treatise on the use oi the quadraja. 

On the death of Mr. Geilibruud, our autlujr was chosen 
to succeed him, in IGSb', us astrom^tny-profcNSor in Gre- 
sham-college, London. He quitted it again however the 
same year, though for what reason docs not appear. ai>d 
was succeeded by Mr.Mungo Murray, professor of philo¬ 
sophy at St. Andrews in Scotland. But this gentleman 
marrying, the professorship again became vacant, and Mr« 
Foster was re-elected in lo41. 

Mr. Foster was one of those gentlemen who held private 
meetings for cultivating philosophy and useful knowledge, 
which afterwards gave rise to the Ro^^Society. In 1646", 
Dr* Wallis, who was one of those uRcinting^entlcmen, 
received from Mr. Foster a theorem Dc triangulosphcrico, 
which he published in his Mechanics. Neither was it only 
ID this branch of science that he excelled, but he was also 
well versed in the ancient languages; as appears from his 
revising and correcting the Lemmata of Archimedes, which 
hnd been translated intol^lin from an Arabic manuscript 
by Mr. John Greaves. lie made also several curious obser- 
vutiuus on eclipses of the sun and moon, in various places; 
and was particularly noted for inventing, as well os improv-* 
ing, astronomical and other mathematical instruments. 
After a long declining state of health, he died at Gresham* 
college in 16 j 2. 

Mis printed works arc as follow; of which the first two 
ai tides were published before bis death, and the rest of 
them after it. ' 

1. The Description and Use of a small Portable Qua¬ 
drant, for the cosy finding the Hour of Aximuth; tto, 1624. 
Originally published at the end ufGunter^s Description of 
the Cross-Stafie, as an appendix to it. 

2. The Art of Dialling; 4to, l638. Reprinted, with 
additions, in 1675. 

3. Postliuma Foster!; by Wingate; 4to, 1652. 

4. Four Treatises of Dialling; 4to, 1654. 

5. Miscellanies, 01 Mathematical Lucubmtions, Pub* 
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lishfd l.v .1. l.ii T\\y'<l<n, witii ndililions of liis o\vr»; ulul 
an upjK iHlix by laybourne; folio, I()3.9. 

• riic Scclor iiluicd, and olhiT Souks added, il'C. 
J‘ul))islicd bv lA’vbouriH* in l66'l, in 4to. 

'Hkto liiuc IniMi b\o ntluT porsoiis of llio same name, 
uliii havf [)ijblislu il some muthcmutical pieces. The first 

WU', 

rOSTKll (Wit.MAM), a disciple of Mr.. Onghtrod, 
:in<l uftetwaid-. a t<!iclier of llie inullieniulics in Lontlon. 
Ill- distingui'lual liiinstll by a book, wliich he dedicated 
In Sir Kcik'Iiii Diiiby, entitled, '1 he Circles of proportion, 
and the Iloiizont.d iustruineiit, 6cc; -Ho, lt>33.—The 
other was, 

FOS'r]iR(MAnK),\vho li\cd later in point of time than 
eitlier of tl-.e other two, and published a treatise entitled, 
Arilhnielicul Trigonometry : being the Solution of all the 
iisii.il Cases in Plain Trigonometry by Common Arithme¬ 
tic, without any tables whatsoever. I'Jino, lO'yO. 

l OUNDA TK^N, that part of a building which is iin- 
dcrgrouml : or the mass which supports a building, and 
on winch it stands : or it is the coffer or bed dug below 
the level of ilie ground, to raise a building on. 

lOl'NTAiN, in Plnlosophy, u s|)rmg or source of 
water rising out ofthe ground. See Spring. 

Fountain, or /fr/r/Tcia/ Fountain, in Hydraulics, a 
mnciiincor contrivance by which water is violently spouted 
or thrown up ; called also a jet d'eau. 

There are various kinds of artificial fountains, but all 
formeil by a pressure of one kind or other, on the water 
&c, viz, cither the pressure or weight of a head of water, 
<»r the pressure arising from the spring and elasticity of the 
air, &c. When these arc formed by the pressure of a 
head of water, or any other fluid of the same kind with the 
fountain, or jet, &c, then will this spout up nearly to the 
same height ns that head, abating only a little for the re¬ 
sistance of the air, with that of the adjutage &c, In the 
fluid’s rushing through; but, when the fountain is pro¬ 
duced by any other force than the pressure of n column ol 
the same fluid with its<*lf, it will rise to such a height ns 
may be nearly eijual to the altitude of a column of the 
same fluid whose pressure is equal to the given force that 
firoduccs tlie fountain. 

To Consirucl an Arlijicinl Fountain, plnying by thepres- 
sure of the water. 'I'liis is to be effected by’ making a close 
conue\iun between a head or elevated piece of water, and 
the lower place, wliere the fountain is to pluy; which 
may be «lone in this maimer: Having a head of water, 
naturally, nr, for want of such, make an artificial one, 
raising the water by pumps, or other machinery : from 
this head convey tlic w uter in close pipes, in any direction, 
<iu^n to the place where the fountain is to play; and 
there let it issue through an adjutage or smuU hole, turned 
upwards,liy which means it will spout up nearly as high as 
the head ot the water it comes from, aa above mentioned. 

To Conitrucian Artificial Fountain, playing by the .spring 
or elasticity of the air. A vessel proper for a reservoir, ns 
An, fig. 4, plate X, is provided either of metal, or glass, 
or the like, eliding in a small neck c, ut the top : through 
this neck is put n tube cd, till the lower end come near 
the bottom of the vessel, this being about half full of 
water. The ncck is so contrived, that a syringe, or con¬ 
densing pipe, may bo screwed on the tube; by means of 
which a large quantity of air may be intruded through the 
tube into the water, out of which it will disengage itself, 
and emerge into the vacant part of the vessel, and lie over 
the surface of the water co. 


Now, ihc water in the vessel being thus pressed by the 
air. which is, for cx. double ibo density of the external 
air; and the clastic force of air being proportional to its 
ik’iisity, or toils gravitating force, the effect will be the 
same, as if the weight of the column of air, over the sur¬ 
face of the water, were double that of the column pressing 
in the tube; so that the water must be forced upwards 
through the tube, when the syringe is removed, with a 
force equal to the excess of jnressurc of the included air, 
above that of tha external, toit is, in this case, w ith a force 
equal to the pre^rc of an entire column of the atmo¬ 
sphere ; which being equal to the pressure of a column of 
33 or 04 feet of water, it follows that ihc fountain wilt 
play to nearly 33 or 34 fii^.high. 

'Flicse aerial or aquatic’^fountains may be applied ^n 
different ways, so as to exhibit various appearances ; and 
from these alone arises thc^rcatcst part ofartificial water¬ 
works: even the engine for extinguishing fire, is a foun¬ 
tain playing by the force ofcunfined uir. 

A Fountain spouting th^^atcr in various direciioru. 
Suppose An the vertical tube, or spout, in which tlic wa¬ 
ter rises, (fig. 5, pi. x) : into this let several other tubes 
befitted; some horizontal, others oblique, or inclining, 
or reclining, &c, as at n, it, l., n, r, i<c. Then, as all 
water retains the direction of the aperture through which 
it comes, that issuing through a will rise porpendirularty; 
and the rest will tend different ways, describing arches of 
different magnitudes. 

Or thus: Suppose the \|ftical tube a b (fig. 6} through 
w hich the water rises, to be stopped at the top, as in a ; 
and, instead of pipes or'ffifcks, let it be only pcrforatctl 
with sinull holes all around, or only half round its sur¬ 
face: then will the water spout out, in all directions, 
through the little holes, to different distances. 

And hence, if the tiiboy^ be about the height of a 
man, and having a turn-coSirat c; on opening this cock, 
the spectators \vill be sprinkled unexpectedly with 'a 
shower. 

Fountain p/(iying ly drawingjhebreath. Suppose ab 
(fig.8, plate viii), a globe of glass, or mclal,' in which is 
fitted a tube cn, havinga smallorlficc in c, and reaching 
almost to D, the bottom of the globe. Then if the air he 
sucked, or drawn with the mouth, out ofthe tube cd, and 
the orifice c be-immedintely iinmerged under cold water, 
the water will ascend through the tube into tbc sphere. 
Thus proCcedin^i by repeated cxsuctiuns, till the vessel be 
above half full of water; then applying the mouth to c, 
and blowing air into the tube, on removing the mouth, 
the water will spout forth.—Or, if the globe be put into 
hut water, the air being thus rOefied, will make the water 
spout as before. - 

And this kind*of fountain is called Pila Hcroois, or 
Hero’s Ball, from the name of its inventor. 

Fountain, whose t/iiam raises and p/tys a brass ball. 
Provide a hollow brass ball a (fig-9» pi.viii), made very 
thin, that its weight may not be too groat for the force pf 
the water; and let the tube BC, through which the water 
rises, be exactly perpendicular to'thc horizon. Then the 
ball, being laid in the bottom of the cup or bason n, nill 
be carried up by the stream, and sustained at a considera¬ 
ble height, playing a little up^nd down. 

Fountain which spou/s water fnfbrm of a shower. To 
the tube in which the water is to rise, fit a spherical or 
lenticular head ab (fig. l,pl. xlii) made ofa plate of rociuJ, 
and perforated at the top with a great number of small 
hples. Tbo water rising violently towards ab, 
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there divided into innumerable little (breads, and afier* 
wards broken, and dflncTsed into the lim^st drops. 

Fountain tvfiich ^aids the xiour infotm qfa tahlc^ 
clothe To the ttibc ab (lig 2, pi. xiii) solilci* two spherical 
segments, c and d, almost touching eacij otl»er, with a 
screw E, to contract or amplify tl>e interilicc or chink, at 
pleasure. Some choose to make a smooth and even cleft, 
in a spherical or lenticular )u*ad> Htted upon the tube. 
The water spouting tliroiigh this chink or cleft \iiil expand 
itself like a chith.—Aiul thus, the fountain may be made 
to spout out in thchgtirc of men, or other nnimuU 

Foustaik, which y when it has done sjwutin^^ viable 
turned like anJhour^glnss. Provide twe* glasses, a and e, 
(dg. 3, pU xiii) to be so much the larger as thefuunt«ain is to 
play the longer, and placed at so hruch the greater distnnee 
Irom^cac!) other as the water is desired to spout the higher. 
I^t CDE be a crooked tube^ furnished in r. with a jet ; uiul 
GHl another bent tube, furnished with u jet in i : or and 
KL are to be otlicr lesser tybes, open at both cuds, and 
reaching near the bottom of the vessels a and n, to which 
^e tubes CD and gii arc likewise to reach. 

Now if the vessel a be filled with water, it uill descend 
through the tube CD; and it will spout up througli the 
jet £> by the pressure of the column of water CD. Hut 
unless the pipe c r were open at 0 , to let the uir run up to 
r, and press at the top of the surface of the water in the 
cavity a, tlie water could not run down mid spout at £. 
After Its fall again, it will sink through tlie little tube kl, 
into the vessel n, and expel the air through the tube oi. 
At length, when all the water is emptied out of the vessel 
As by luniing the machine upside-^own, Che v(*sscl b will 
bo the reservoir, and make the water spout up through the 
jeti, the pipe kl supplying b with air to let the water 
descend in the direction oiii. 

Hence, if the vessels a and B contain just as much wa¬ 
ter as will be spouted up in an hour's time, we siml) have 
a spouting clepsydra, or w atiT-clock ; which may be gra¬ 
duated or divided into quarters, minutes, 

FotXNTAiK q/'Cowwanc/. This depends on the same 
principles with those of the former: CAK(fig«4, pl«xiii)is 
a vessel of water secured against the entrance of the air, 
except through the pipe of, when the cock c, by which 
it is filled, is shut. There is another pipe edhb, going 
from the bottom of tlic water fo the jet d in the bason db ; 
but this is stopped by the cock ii. At the lowest part 
o&thc bason db, there is a small hole at f, to let the wa¬ 
ter of the boson DBrun into the bason on undent ; there 
is also a small triangular Ifole or notch, in the bottom of 
the pipe FG, at c. Turn the cock if, and the fAintnin 
will, phiy for some time, then stop, then play again alter¬ 
nately for several times (ogclhcn When those times of 
playing and stopping are kjl09n before-band, you nmy 
cotDmand the fountain to pl^or stop; vslience its name. 
The cause of this phenomenon is ns follows : the water 
coming down the pipe edj|b, would not come out at b, if 
the air %$0 above (he water, wore not supplied as it di¬ 
lated t now it is supplied by the pipe of, which takes it 
in at the notch o, and delivers it out at f ; but after some 
time the water, which was spouted out at b> fulling down 
into the bason db, rises high enough to come above the 
notch 0, which stops the passage of the air; bo that the 
air SI, above the water in the vessel cae, wanting a sup¬ 
ply, cannql sufilcfently press, and the fountain ceases 
playing.—But when the water of db has run down into 
the lower bason gu, Ibrough ihe bole i, till it falls below 


the top of the noJch the air runs up into the upper re¬ 
ceptacle, and supplies ibal at si, and the Jounlajii plays 
agnin. fbi^ is stcn a liiilr belurohand, by u skin of m;i- 
ter on the notch (i. befor** tlieuir fimls u passage, and then 
'*you may conuuujitl tin* fountain to play, li is mJent 
that the hole l iinist bt* le.'S than the holi* of the jvi, or 
elsealltlH* water would ion out inru the lov^er bason, 
uiiliuut rising high enough lo ilu* l, jch 

FoU STA IN that be^in.> totht nf cnndl'i, 

and ceases as they ao out. h tvwi cvuiurm al ^( sv^•lb. 

AU and CD, (fig. 7. pi. xiii,) connect il.un b, tuUs, open 
at both ends, kl,be, 0£C, that iiieair may discvnd ouf 
of the liiglu rinto the lower : to the lubes solder candle¬ 
sticks, II, iSjc, un<l (o the hollow cover ol tin* lower vessel 
CE, fit a htllc tube or jet, lo, furnished with u cock o, 
aud reaching .almost to the bcUtom of the vt*'.sel. In g h-t 
there bean aperture, fuinishe<l with a screw, by whuli 
water may bv jioured ci>. *1 hen, on lighting u.» 

cundUs Ji, 6cc, the air in tin rontiguous tnU-s becoming 
raieticd by the heat, ihe water begins to spout tlirotigli or. 

Hy the <ainc conlriNance may a slatiio be inaiic lo slied 
tears Oh the shining of the sun, or on ligliting a cuiulle, 
hcc: nlllliat is hi ic reqiiin d, being only u> )uv lube« Ironi 
the cavity where the air is rarefied, to some other caviljos 
placed near the full of w.Tfer. 

^ Fountain by the Harefaettonof the imiv be rnado 
in the following manner: Let ah und f D,lig, pi, be 
two pipes fixed lo a brass In ad c, ifuuio to screw into a glass 
vess< 1 E, which having a little water in it, is jiiverlc'd till the 
pipesarescrowedon; thin re\ci ting it mmUIi nly,soas lo [)ui a, 
the lower end of the spouting pipe a n. into a jar of water a, 
and the lower end of the descending pipe cn, into u lecei^ - 
ing vessel D, the water will spout up from the jar a into the 
tall glass vessel e, from which it will go down ut ihe iiu'utli 
C, through Cl), into the vessel n, till the water is wlioliy 
emptied out vt a, nmkinga fountainir) l, intoD. The rea¬ 
son o> the play of the fountain is this : the pipe cd, being 
2 feet 9 inches long, lots <iow'n a column of water, which 
rarefies the air 1-12th part in the vessel E, where it presses 
against the water spouting at Bwith l-12th of tiie force by 
which the water is pushed up at the hole a, by the pressure 
of the common nir on the water in the vessel a ; so that the 
water spouts up into e, when Ihe air is rarefied 1-12lh, 
with the difierence of the prcssuie of the utntosj)herc, and 
fhc forementioned rarcfictl air; i.e. of 33 to2^, or of 12 to 
1. This would raise thewater 2 fwt 9 inches; but the lengtli 
of tfic pipe A, ofp inches, being deducted, the jot will only 
rise 2 fi-ct. This,soys Desagulicrs, may be called a syphon' 
fountain, w here ad is the driving leg, and cd the issuing 
leg. 

Fountain o/H ero etf Alexandria^ so called, because it 
was contrived by him. In the second fountain above de¬ 
scribed, the air is compressed by nsyringej inthis,(se*e fig 
6, pl.xiii) the nir, being only comp resse^y the concealed 
fall of water, maul's ajet, which, alter sonwontinunnee, is 
considered by the ignorant as a perpetual motion; because 
they imagine tliot the same water which fell from the jet 
rises again. The boxes CE and Urx, being close, wc see 
only the bason adw, with a hole^w, intowbich the water 
spouting at b falls; but that water docs not come up 
again; for it runs ^own through the pipe wx into the box 
DTx, v/hei\cc it drives out thd uir, through the ascending 
pipe V7, into the cavity of the box CB, wbe^, pressing up¬ 
on the w ater that is in it, it ford's it out throneb the spout- 
ing-pipe OB, as long there is uny water in ce; so that this 
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xvl, .1.- IS oiilv v'liiU- tin- «au r conlaiiii-«l in CF., hav- 
II.;: snoutt-d out, lulls down thiou^U llic pipe «x, f rof^c 
bcTxvs CC uiid l)V aljoseouc’ aiiollnT; tlie Kdglit of llii- wa* 
tcT, iiuasiucd from tho biisoii anw to tlic surface of the 
water III tlu- lo\v« r l>o.\ uvx, is always equal to the height 
measured from tlie to|> of the jet to tlie surface of tlie water 
ill the middle cavity at ( f-. Now, since the surface cb is 
always falling, and the water in DY always rising, the height 
of the jet must continually riecrease, till it is shorter by 
the depth of the cavity CE, which is emptying, added to 
the depth of the cavity dy, which is always filling; anti 
when the jet is fallen so low , it immediately ceases. The 
air is represented by the points in this figure. 

To prepare this fountain for playing, which should be 
dune unobserved, pour in water at w’, till the cavity dx\ 
is filled ; then invert the fountain, and the water will nm 
from tlie cavity uxY into tlie cavity CF„ which may be 
known to be full, when the water runs out at d hehi Uow n. 
Set the fountain up again, and, to make it play, pour in 
about a pint of water into the bason adw ; and as soon as 
it has lillcil the pipe \vx it will begin to play, and continue 
as long as there is any water in ce. You may then pour 
back the water left in the bason abw, into any vessel, and 
invert the fountain, which being set upright again, will be 
made to play, by putting back the water poured out into 
Aiiw ; and so on as often as you please. 

.s’pciKtiHgl'oi'STAiN, or Jet d’Eau, is any fountain whose 
water is thirted foithimpeluously through jets, orajutages, 
and returns in form of rains, nets, folds, or the like. 

l'ouNTAiN-/’cn, is a pen contrived to contain a quan¬ 
tity of ink, and let it flow very gently, so as to supply the 
writer a long lime without the necessity of taking fresh 

ink. , • . r 

The fountain-pen, represented fig. 8, pi. >in. consists of 

divers pieces of metal, F, o, li, the middle piece F carrying 
the pen, which is screwed into the inside of a small pipe; 
and tliis againissolderediiiloanolher pipe of the same size 
as the litl o; in which lid is soldered a male screw, for 
screwing on tlic cover ; as also for slopping a little hole at 
the place, and hindering the ink from passing through it: 
at the other end of the piece y isu small pipe, on llic out¬ 
side of which may be screwed the top cover ii. A portc- 
craion goes in the cover, to be screwed into the last-men¬ 
tioned pipe, (u stop the end of the pipe into which the ink 
is to be poured by a funnel. 

To use the pen, the cover (t must be taken off, and the 
pen a little shakm, to make the ink run more freely. 

FOURTH, in iMusic, one of the harmonic intervals, or 
concords. It consists in the mixture of two sounds, which 
■rein the ratio of4to 3; i.e. of two sounds produced by 
chords, whose lengths arc to each other ns 4 to 3. 

FRACTION, or Broken Number, in Arithmetic and Al¬ 
gebra, is a parti, or some parts, of anoilicr number or quan¬ 
tity considcrCKlu a whole, but divided into a certain num- 
berof parts; aFS‘-4ihs, which denotes 3 parts out of4, of 
any quantity. Fractions arc usually divided into vulgar, 
decimal, duodecimal, and sexagesimal. For the last three 
sorts, 8CC the rcspcctivfl|^ords. 

Fu/gar Fractions, calletl also simple Fiaciioni, are 
usually denoted by two numbers, the one set under the 
other, with a small line between themj thus ^ denotes the 
fraction three-fourths, or 3 parts out of 4 , of some whole 
considered as divided into 4 equal parts. 

The lower* number 4, is colled the Denoroinator of tbo 
fraction, showing into how many parts the whole or inte¬ 


ger is divided; and the upper number 3, is called the Nu¬ 
merator, and shows how many of those equal parts arc con¬ 
tained in the fraction. Hence it folltowstbal as the iiume- 
rniur is to the denominator, so is the fraction itself, tothc 
k whole of which it is a fraction; or as the denominator is to 
the numerator, so is the whole or integer, to the fraction : 
thus, the integer being denoted by 1, as 4 : 3 ;: 1 ; J the 
fraction.—And hence thgrc may be innumerable fractions 
all of (he same value, as there may be innumerable quan¬ 
tities all in the same ratio, viz, of 4 to 3; such as 8 to 6, or 
12 to 9, 6:c. So that if the two terms of any fraction, i.c. the 
numerator and denominator, be cither both multiplied or 
both divided by any number, the rcsultingv fraction will 
still be of the same value: thus, | or j or or 4^ &c, arc 
all of the same value with each other. 

Fractional expressions arc usually distinguished into 
proper and improper, simple and compound, and mixt 
numbers. 

A /Vo/icr Fraction, is that whose numerator is less than 
the denominator; and consequently (he fraction is less than 
the whole or integer; as . 

An Improper Fraction, is when the numcratoris either ; 
equal to, or greater than, the denominator; and conse¬ 
quently the fractioi) cither equal to, or greater than, the 
whole integer, as 4. which is equal to the whole; or 4, 
which is greater (ban the whole. 

Simple Fractions, or Single Fractions, ore such as 
consist of only one numerator, and one denominator; as 
4 , or or , 

Compound Fractions arc fractions of fractions, and 
consist oI several fractions, connected together by the word 

of; as4 of 4, or-i of ‘’f T* 

A Mixt Number consists of an integer and a fraction to¬ 
gether: as 14, or 12y. 

The arlihroctic of fractions consists in the reduction, ad¬ 
dition, subtraction, multiplication, and division of them. 

Reduction qFFractions is of several sorts; os 1. To re¬ 
duce a given ufiote number into a fractiort t^f an^ given rfeno- 
Wiinaror. Multiply the given integer by the proposed de¬ 
nominator, and the product will be the numerator. Ihiis, 
it is found that 3 =: 5 s= »/. 

If no denominator be givm, or it be only proposed to ex¬ 
press the integer fraciior\fwise, or like a fraction ; sol 1 bc- 

ncoth it,fur its denominator. So3 =4 *5=s 4» ^*'*1 

2. To reduce a given fraction to another fraction equal to 
it, that shall have a given denominator. hluUiply tho im- 
mcratof by the proposed denominator, and divide tbo pfO- 
duct by the former denominator, then tbc quotient set over 
the prfljjosed denominator will form the fraction required. 
Thus, if it bo proposed to reduce 4 to an equal fraction 
whose denominator slrnll bp 8; then 3 x 8 « 24, and 
24 ““4=6 the numerator, so that f Is the fraction sought, 
being = 4, and having S forTts dcnomiimtor. 

. 3. To abbreviate, or redtive fractions to loiver terms. 
Divide their terms, i.c. the numerator and denominator, by 
any numberlhat will divide them without a remumdur, so 
shall the quotients bo the corresponditig terms of u new 
fraction, equal .to the former, but in smaller numbers. 
In like manner abbreviate these new terms “nd so 

on till lliero be no number greater than I that will divide 
them without a remainder, and tlien tho fraction is sa*" 
be in its least terms. Thus, to abbrcviatq^ul 
both terms by 5, and the fraction becomes ; next divide 
these by 3, and it becomes^ 5 so that 4 ^= t* *** 

least terras. ^ . 
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To reduce a fracUon at once to its lowest terms; divide 
both numerator aud denominator by tbeir greatest com¬ 
mon measurer to find which, sec the article Common 
Measure. 

Jt may further be observed, that a proper fraction is in 
its lowest ietfnSf when the numerator and denominator 
are not both divisible by their difference, or by some sub- 
multiple of their difference, without a remainder. 

4. Toreduce fradians to otha^equivaleru ones of the same de^ 

mminator. Multiply each numerator, separately taken, 
by all the denominators except its own, and the products 
will be the new numerators; then multiply*’all the deno¬ 
minators continually together, for the common denomi¬ 
nator, to these numerators. Thus, jond f reduce to-J-J 
and If; and f, f, and f reduce to and 

5. To find the value of a fraction^ in the 
known parts of its integer. Multiply always 
thenumcrutor by the numberof parts of the 

next inferior denomination, and divide the ‘^) *8® ( 


Thus i 


And 


a 

TT 

7 


products by the denominator. Do the same 
vitb the remainders through all the dc* 
nominations. So to find the value of of 
apound sterling ; multiply 9 by 20 for shil¬ 
lings, and dividing by i6, gives 11 for the 


I6 

20 

21 

4 

12 


— liDgs, ana oiviuing oy lo, gives ll lor the j 2 
^ shillings; then multiply the remainder 4 by . -r-^. ^ . 
12 pence, and dividing by l6 gives 3 for * 
pence r'-so that lls. 3d. is the value of 

6. To rtduce a mist number to an equivalent irr^oper 
fraction. Multiply the integer by the denominator, and 
to the product add the numerator, for the new numerator, 
to be set over the same denominator as before. Thus 3 X 
becomes 

7. To reduce an improper fraction to its equivalent xohole 
or mixed number. Divide the numerator by the denomina¬ 
tor ; so shall the quotient be the integral part, and the re¬ 
mainder set over the denominator will form the fractional 
part of the equivalent mixed number. Thus V reduces 

tod^, andY = 8- 

^ 8. To reduce a compound fraction to a timple one. Mul- 
bply nU the numerators together for the numentor, and 
all the aenoroinators together for the denominator, of the 
simple frat^on sought. Thus, ^of j- = |,8nd^of ^off 

~ * , •- 

7b reduce a vulgar fraction to a decimal, ' See Deci¬ 
mals. And forscveral other particulars concerning 
ductiori, as well as the other operations in fractions; see 
my Arithmetic. 

Addition qf Fractions. First reduce the fractions lo 
tbeir simplest form, and reduce them also to a common de¬ 
nominator, if tbeir denominators arc different; then add 
all the numemtors together, and s^t tho sum over the com¬ 
mon denominator, for the sum of all the fractions required. 


ThU8,4^.| = .f£=l; 
And 


.11 _ l» _ ii 

. .T^T —TT ^ tt — rr — *TT' 

.outtractton <f I-ractions. Reduce the fractions the 

same as for addition; then subtract the one numerator 
from the other, and set the difference over the common do- 
nominator. 

So = 

And — 

To Multiply Fractions together. Reduce them all to 
the form of 8ifd|)le fractions, if they be not so; then mul¬ 
tiply all the numerators together for the numerator, and 
aji the denomtbaton together for the denominator of the 
Pioduct sought. 

VoL. I. . 


* f = 

«r n- J = = 

Xo Ulmde rHACTiONSa Divide the numerator by the 

numerator, and the denominator by the denominator, if 

they will exactly divide. Thus, 

But if they will not divide without a remainder, then 

multiply the dividend by the reciprocal of the divisor, 

that is, by the fraction obtained by inverting or changing 

its terms. Thus, = A - I = 

Atgebratc Fractions, or Fractions in Species, are 
exactly similar lo vulgar fractions, in numbers, and all 
the operations are performed e.xactly in the same way; 
therefore the rules need not be repeated, and it may be 
sufficient here to set down a few examples to the forcaoini’ 
rules. Thus, * 

1. The fraction abbreviates lo 

be t 

2 . 5f!—^ by dividing by 3a. 


3. 


Co' dex ^ 
tf* — a*x + ax 


aa ^ X 

a 




by dividing by a — x. 


« — ox a 

See Common Measure. 

5 become — and when reduced to a com^ 


b d 
moD denominator 

r _ ad ^ le 

5 “ bd * 

b ot. ^ ict 


=•1 


6.t 




€ ac 
* J — W* 


az 


Continued Fraction, is used for a fraction whose de¬ 
nominator is an integer with a fraction, which latter frac¬ 
tion has for its denominator an integer and a fraction, 
and the same for this last fraction again, and so on, to 
any extent, whether supposed to be infinitely continued, 
or broken off after any number of terms.’ Euler, Analyi. 

. Inf. vo). 1, p. 295. 

or* + , 

or i 4- * 

# -4- &c. 

Or, using letters instead of numbers, 

1 . 

1 


1 

Z 


B 

6 




A 

or - 
, « 

^ J 1. i " ^ . 

c &c. d dfC. 

When these series are not far extended, it is not diffi¬ 
cult to collect them by common arithmetic. 

Lord Brounker, it appears, was the fint who consi¬ 
dered continued fractions, or at least, who applied them 
to the quadrature of curves, in WalUs's Arith. Infin. prop. 
191» '’o** P*; &c, where this author explains the 

maonerof forming them, giving several numeral examples, 
ID approximating ratios, as well as the general series 

®/3-d , -X 

Y x «c, lu he denotes it> ^ 

Huygens also used it fog the like purpose, viz, to approxi¬ 
mate the ratios of largenumb^rst-iii his Descrip. Autom. 

4 A 
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Plaiicl.inOpci . lUliq. pa. 173 &c, odit. Amst. l728. Ami 
a special treatise oii Continued Fractions was given by 
Ktiler, in his Analys. Iiifin.vol. 1, pa. 295 &c. 

•This sulyect is,perhaps capable of much improvement, 
tlioiij'h it has been railier luglccted, as very little use lias 
been made of if, except, by those authors, in approxima- 
fiiix to the value <jf frsit lions, and ratios, thatarc expressed 
III large numbeisbesides a method of Gouintiuiry by 
De Lagny, explained in the Introduction to my Loga¬ 
rithms, pa. 78; as also some use I have made of it in 
summing very slowly converging series, in my Tracts, vol. 
1, pa. 203. 

.‘\s to the reducing of common fractions, ami ratios, 
that are expiessed in large numbers, to continued frac¬ 
tion-. it IS no more than the common method of finding 
the greatest common inea-sure ol those two numbers, by 
divnTiiii' the greater by the less, and the last divisor always 
by the last icimiiniler; fur then the several quotients arc 
the denominators of the fractions, the numerators being 
always 1 or unity. Thus, to find approximating values 

of the fraction or to the ratioof3l4l592()535 

^ louuuuooooo’ 

to 10000000000, being the ratio of the circumfcrt-ncc of 
a circle to its rliamoter, by means of a continued fraction ; 
or, to change the said common fraction to a continued 
fraction : Dividing the greater term always by tlic less, 
the same as to find the greatest common measure of the 
said numbers or terms, the several quotients will be 3, 7, 
15, I, 292, 1, 1, &c, which, after the first, will be the 
denominators, to the common numerator 1; and there¬ 
fore the said fraction will be changed into this continued 
^-action, 


T 


f 

T7X 


I 

T 


4- I 
T 


6cc. 


b 

- 




On the other band, any continued fraction being given 
Its equivalent common fraction will be founJ, by berin- 
niiig at the last denominator, or lowest end of the givfh 
continued fraction, and gradually collecting ihc fractions 
backwards, till wc arrive at the first, when the whole will 
thus be brought to one common fmcliou was done 
above in collectinL! the fractions 


I 

T 


TT 

« 


I 

T 


f 

T*PT 




And in like manner the continued fraction 

• a .f 


oh* 


. y -h - collects into the fraction 
ofi<i 


Ilcncc, slopping at any part of these single fractions, one, 
after another, will give several values of the proposed ra¬ 
tio, all successively nearer ami nearer the truth, buL.ol- 
ternutcly too great and too little. So, stopping at f, it is 
ss y =.3T42857I, too great, or 22 to 7, the ratio of 
the circumference to the diameter as given by Archime¬ 
des. Again, leaving oif at ^'3, it is ' 

3^7 = 3^ = = 3-14150«) &c, too little. 

'A .p. 

But stopping at 4, ' 

it is 37;^ ~ 

tius) =: 3'1415929 &c, which is'rather too great. And 
so on, always nearer and nearer, but alternately too great 
and too little. 

And, in like manner is any algebraic fraction thrown 
-into a continued fraction. As the fraction 

‘'“"'S «n manner di- 

vided, the quotients are 2* V ^ ”***^1* single^ frac¬ 

tions being considered as denominators to other frafi^ons 
whose common numerator is 1, these'will be the i^ipro- 

cals of the former, and so will become and 

hence the proposed t^nmon fraction is equal to this ter¬ 
minate continued, * 


one. 


-h + m? 4* ly^ tif 

When the given continued fraction Is an iiiliiiiic 
collect it successively, first one term, then two together* 
three together, &c, till tlic sum is sufficiently exact. Or, 
if these collected sums be found to converge too slowly to 
the true value, having collected a-few of the terms into 
successive sums, these being alternately too great and too 
liule, the true value will he found as near as you please by *, 
the method of arithmetical moans, explained inmy Tracis, ^ 
vol. 1, Tract 8, pa. 176. 

When the denominators of a continued fraction recur . 
in any certain order, ns in the following; 

1 


or 




v/ 




a 4* 


r - 1 - &C. s/a-i-tu: 

its valoc may be computed by making it first equal to r, 
and then solving the equation: thus, suppose the value 
of ihc first was required; then put the whole s i, aod 

1 


wc get 


=S X. 


r + x 


r-4-x 
,f + yx + I 


: hence r 


= qri ■+■ qx^ Xy and j* rx — - =i 0, from which x, 

and consequently the value of the fraction, may be deter¬ 
mined, by solving the quadratic. 

In the same manner may the values of other quanti¬ 
ties, which run on in infinitum, be found if the factors 
recur. 

^xti/nple. Required the value of 


a ^ b •+■ ( 


*/b dec. in infinitum. 


Let 


s/a -I- 


+ V 6 4- s= r; then 


by squaring both sides a 
ssx*;and / 


'Jb.< 


4/5-h&C 




•/b &c = X* — aj there¬ 


fore b -t- y/a ’i- ‘/f + ^ - 2oj^ + o* or 

ft ^ I -- X* — 2ox* ■+• a*i hence x* -- 2flx* — x o — 
h =s 0, whence the value of x,roay be found. 

If the letters be all equal, as 


^ aa a 


a + - a •*. -v a •+• d Scc.-^ut it ss x> then square 
the equation, so shall i* s: a -h 
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J 

Van- a 


^ ^ a ^ ^ a 


&c 


hence x* 


— <4 ^ 


^^ ^^ v^<i6cc) = x the first value, because 

it reverb to I be same quantity; ami from ibis quudrauc 
equation we find x x= 4 ^ 

Again, lu find tbe value of 




v'J 


<N:c : putting 

squaring, we have x' ss a ^a\^b 


it s x« and 


Ccc, or = 


y 


as/b^ii; then this squared, and ^livided by i, 
7h bs/b Ccc) = r 


gives 


or 


x’ 5s a*i, and x = —If b ^ 


or =; a‘fci> 
or the radicals 


be always tbe same letter a, then x = 

^T, ^ y/ \/ 


In like manner. 


c'^aV^ b\/c 


a b c" oV iv'c &c >s = 
v/a<A*c, or = — a, when b and c an; taken =; a. 

yanithimt Fractions. Such fractions as have both 
(heir nunuTRlor and UeDoininator vanish, or equal tu O, 
at the same time, may be called Vauisbing Fractions. We 
arc not to conclude that such fractions arc equal to no¬ 
thing, or have no value ; for that they have a certain de¬ 
terminate value, has been shown by the best mathemati¬ 
cians. The idea of such fractions os these, hrst origi¬ 
nated in a very severe ehntest among some French hiathc- 
maticians, in which Varignon and Rolle were the two 
chief opposite combatants, concerning the then new or 
diiferentiul calculus, of which the latter gentleman was a 
strenuous opponent Among other arguments against it, 
he proposed an example of drawing a tangent to certain 
Cluves at the point where the two parts cross each other; 
a'Sd as (ho fractional expression tor the subtangent, by 
that method, had both its numerator and denominator 
equal to 0 at the point proposed, Hollc considered it as an 
afourd expression, and as an argument against the method 
of solution itself. The seeming mystery however was soon 
expimned, and first of all by John Bernoulli. See an ac¬ 
count of this controversy in Mootucla, Hist. Math. vol. 2, 
pa. 366, 1st ed. 

Syicc that tithe, such kind of fractions have often been 
conti'ntplated by mathematicians. As, by Maclaurin, in 
bis fluxions, vol. 2, pa. 698: Saundersun, in his Algebra, 
vol. 2, art. 469: Dc Moivre, in Misccl. Anal. pa. 105 : 
Emerson, in his Algebra, pa. 212: and by many others. 
The same fractions have also proved a stumbling-block to 
more mathematicians than one, and the cause of more vio¬ 
lent controversies: witness that between Powell and Wa¬ 
ring, at tbe time when Mr. Mascres was a coinpcHlor of 
the latter for the professorship ut Cambridge. In tbo 
specimen of a wur^ published on occasion of that com- 

petion, by Waring, was the .fractionwhich he said 

Iwcamc 4^ben p was = 1. This was struck at by 
Powell, as absurd,^e^ausc he said whcnp = l, then tbe 
p - f* _ 1 - 1 0 


Waring replied that 



comnaon divisioo) 

- 1 s4» whenp is = la Sec the coDCro 


versiaJ pamplilets that passed between those two gentlemen 
at that tiriie. 

There are several molho 1$ of finding the value of such 
fractions, that have been given by the gentlemen ab<*ve 
quoted. The one is by considering the terms of tlic frac¬ 
tion as two variable quantities, continually decreasing, till 
they both vanibU together; or finding the ultimate value 
of the ratio denoted by^the fraction. In this way of con¬ 
sidering the mailer, it appears lhat» as the terms ot the 
traction are supposed to decrease till they vani:bb, or be¬ 
come only equal to their fluNions or tin ir increment^, the 
value ol the fraction sit that state, will be equal to the 
tluxion or increment of the numerator divided by iliat of 

llie denominator, lienee then, taking the cxumoli ^- 

when J = 1 ; the fluxion of the numerator i'- x — 
and oftiic deouininator therefore 


X — 5 J*X I — .Si* .St^— 1 


— A* 


~ I 

the value of the fraction 


\ 

X — 


because X = 1, llicreforc 


I — X 
X- T* 


= 5x' - 1 = 5 - J =4, 
when x= j,—-Or, thus, 
then the 


1 ^ A 


the fiuKinii 
siiiiie u> 


1 i- X l - r ' 

duxion of the utimerator, — divided by 
ol* the denominalor, or — gives 4x^ or 4, the 
before. 

Another method is by reducing the given expression to 
another, or simpler foro), and then subsiituting the values 

of the letters. So in the above cxojnple -——, or ~ 

^ * I — X ' i — / ’ 

when x = 1; divide the numerator by the rionominutor, 
and it becomes I -h x -h x* x^, which wlicn x:= 1, be¬ 
comes 4, for the given fraction, the same a$ before.— 

Again, to find the value of ^ x is in 

which case both the numemtor and denominator become 
:= 0. Divide the numerator by the denominator, and the 

quotient is v/ax x h- xv'-: tvbich when, x s a, be- 

a 

comes <i 4- rt H- a = 3a, for the value of the 'fraction in 
that statu of it. ^ 

Mr. Woodhousc, in his Principles of .Analytical Calcu-’ 
lution, has endeavoured to prove, that the method of ex¬ 
panding these fractions for estimating their valui's, is an 
arbitrary operation; (hat there is nothing contained in the 
signiflcancy of such expre^ions, which renders any !!uch 
step necessary. lie admits, that in the investigations of 
extension and of motion, we are necessitated, from the 
nature of the case, to compute a vanishing fraction by a 
process exactly similar to that just adverted to; but con¬ 
tends the necessity of such operation when it is abstract¬ 
edly proposed to find its value. For, says he; ‘ Propose 

the question separately, what docs ^ ~ become, when 

X — a? and the obvious answer to any mind undebauched 

with mathematical sophistry is -—= -. A different 

result can be obtained by a different process, but why 
ought that process to be followed i No satisfactory an¬ 
swer can'bc given to this question, when it is abstractedly 
proposed to find its value.' 

In order to show somewhat tbe importance of this 
question, let us suppose that in the investigation of a 
problem, we obtained for the fi^ent corrected 

* •*• — «*' ' 

what would Lc the value 


2=1^— (x* 


X ^ a 


4A 2 
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of: when X =ai It is evident that a case is bore pre- 
5cn(ed» in which the computatioD of a vanbhiDg fraction 
becomes an abstract proposition : but does it hence fol- 
low» that to expand tlie expression for effecting such com¬ 
putation is an arbitrary process? Surely not. The bare 
assertion that there is nothing contained in the signihcancy 
of llic fraction which renders the expansion of the same 
necessary for the esUmation of its value, is no proof what¬ 
ever against the truth of the method; or that it is not a 
necessary step; since if it were true, that the fraction did 
not contain a value in this ease, such truth would evi¬ 
dently appear in the result of that operation; that js 
neither more nor less than nothing would be expressed by 

the quotient. Now it is obvious that if has a value, 

we have no other means of determining it than by ex- 

a* — a’ 

ponding the expression: for in the form - -we can 

derive nothing as a true and precise value of it* Let 

o' — , 0 . . , . 1 • 

2 - 2 “ 5 > uiay be so, and we see even in this 

case that the fraction niay be equal to some Jinite quan¬ 
tity; that is to say, this expression docs not preclude the 
possibility of its having some definite value, (hough it af¬ 
fords no due for computation in this particular state. 
Hcnco» since it must be granted, tliat a fraction and Us 
etjuiealent whole number arc in all castes equal to each 
other; it follows that if in any case a value be exhibited 
in one form, it is likewise contained io the other, and con¬ 
sequently must be given to that other; therefore, the 

equivalent whole number of ^ having some dc*- 


finite value, 


a a 


a ^ Q 


itself, has also the, same value. And 


hence the true value of z, in the ease where x = a is 

—• (o* -h b*)"^ X 2o, or o X [a^a — (o* t*)]. 

It is not therefore trtie that to expand the fractions to 
obtain its true value, is an arbitrary operation, but a pro* 
cess of necessity, rendered unavoidable by some/Aing con¬ 
tained in the significancy of the expression. To admit 
the necessity of expanding the fraction when its quantity 
is to be computed, in any investigation of extension or of 
motion; and to deny that necessity when it is abstractedly 
proposed to And its value, is confessing, that a fraction and 
its equivalent whole number are to be considered equal 
only in particular eases, which is absurd. 

FRAISE, in Fortilicaiion, a kind of defence, consisting 
of pointed stakes, driven almost parallel to the horizon 
into the retrenchments of a camp, &c, to ward off and 
prevent any approach or scaladc. 

FRANKLIN (Da. Benjamik), one of the most cele¬ 
brated philosophers and politicians of the 18th century, 
was born at Boston in North America io the year 1705, 
being the youngest of 13 children. His father wasa tal¬ 
low-chandler in Boston, and young Franklin was taken 
from school at 10 years of age, to assist him in his busi¬ 
ness. In this situation he continued two years; but dis¬ 
liking that occupation, he was bound apprentice to an 
elder brother, who was then a printer in Bqston/bul had 
learned thatbusincssin London, and who -in the year 1721 
began to print u newspaper, being the second ever pub¬ 
lished in America; the copies of which our author was 
sent to distribute, after having assisted in composing and 
printing it. On this occasion, our young philosopher en¬ 
joyed the secret and singular pleasure of being the much- 
admired author of many essays in this paper; a circum¬ 


stance which he bad the address to keep a secret even from 
his brother himself; and this when he was only 15 yean 
of age. The frequent ill usage from his brother, induced 
our author to quit his service, which be did, at the age 
of 17, and went to New York. But not meeting employ¬ 
ment here, he went forward to Philadelphia, where be 
worked with a printer a short time; after which, at the 
instance of Sir Willliam Keith, governor of the proviucc, 
he returned to Boston to solicit pecuniary assistance from 
his father, to set up a printing-house for himself at Phila¬ 
delphia, on the promise of great encouragement from Sir 
William, &c. His father, however, thought fit to refuse' 
such aid, alleging that he was yet too young (18 years 
old) to be intrusted with such a concern; so our author 
again returned to Philadelphia without it. Upon this, 

Sir William said he would advance the sum that might be 
necessary, and uur young pbilosopbcr should go to Eng¬ 
land, and purchase all the types and materials, for which 
purpose he would give him letters of credit. He could 
never however get these letters; yet by dint of fair pro¬ 
mises of their being sent on board the ship after him, he 
sailed for England, expecting these letters of credit were 
in the governor’s packet, v^bich he was to receive on its 
being opened. In this however he was cruelly deceived, 
and thus he was sent to London without either money, 
friends, or credit, at 18 years of age. , 

Under these circumstances his only resource was that 
of employment, which he shortly obtained, os a journey¬ 
man printer, first at a Mr. Palmer’s, and afterwards with 
Mr. Watts, with whom he worked a considerable time, aiwi 
by whom he was greatly esteemed, being also treated with 
such kindness, that it was ever after most gratefully ro- 
membered by our philosopher. 

After a stay of 18 mouths in London, he returned to 
Philadelphia, in 1726, with a merchant of that town, as 
his clerk, on a salary of 50 pounds a year. But his mastet 
dying the year after, he again en^ged to direct the print¬ 
ing business of the same person with whom be had work^ 
before. After continuing with him the best part of a ye^ 
Franklin, in partnership with another young man, at 
length set up a printing-house himself. 

A short time pftvious to this,our author had gradually 
associated a number of persons, like himself, of a ratmnal 
and philosophic turn of mind, and formed them iffl. a 
club or society, to hold meetings, to convene together foe , 
their mutual improvement in all kinds ,of useful know¬ 
ledge, which was in high repute for many ycat^after. 
Among many other useful regulations, they ag^reed ttrtring 
such books as they hod into one place, to form a common 
library. This resource being found defective, at Frank¬ 
lin’s persuasion they resolved to contribute a small sum 
moDihly towards the purtbase of books for their use from 
London. Thus their stock began to increase rapidly; and 
tho inl^nbitants of Philadelphia, being desirous of having 
a shore in their literary knowlodgc, proposed that tha 
books should be lent out on paying a small sum for the 
indulgence. Thus in a*fcw years the society became 
rich, and possessed more books than 'rfere perhaps to Iw 
found in all the other colonics: the collec^w was ad-< 
vaiiccd into a public library; and the other cdloiucs, sen¬ 
sible of its advantages, began to^ fdim aimilar plans;, 
whence originated the libraries.at Boston, New York, 
Charlestown, &c; that of Philaaelplflb being n6w not tn** 

ferior to any io Europe.' ^ 

About 1728 or 1725, our omHw sit up a newspaper, 
the second in Philadelphia,'which proved wiy prpnubw* 
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»Tid othcn^ ise usefuli as affording an opportunity of ma* 
king himself known as a political writer, by inserting seve¬ 
ral of his writings of that kind in it* In addition to his 
printing-house, he set up a shop to sell books and sta¬ 
tionary; and in 17S0> entering into a matrimonial en¬ 
gagement, his wife proved very useful in assisting to ma¬ 
nage the shop, He afterwards began to have some 

leisure, botli for reading books, and writing them, of which 
be gave many specimens from time to time. In 1732 he 
began to publish Poor Richard’s Almanac, which was 
continued for many years. It wa^ always remarkable for 
the numerous and valuable concise maxims which it con¬ 
tained, for (hececonomy of human life, all tending to 
bort to industry and frugality t.and in the almanac for the 
last year, all the maxims were collected in an address to 
the reader, entitled, The Way to Wealth* Thishsis been 
translated into various languages, and inserted in different 
pubitcalions* It has also been printed on a large sheet, 
proper to be framed, and hung up in conspicuous places 
in all houses, as it justly <lc$ervcs to be. Mn Franklin 
became gradually more known for his political talents, 
and io the year 1736, he was appointed clerk to the Ge¬ 
neral Assembly of Pennsylvania; and was re-elected by 
succeeding assemblies for several years, till he was chosen 
a representative for the city of Philadelphia ; and in 1737 
he was appointed post-master of that city. In 1738, he 
formed the first fire-company there, to extinguish and 
prevent fires and the burning of liouscs: an example 
which was soon followed by other persons, and in other 
places. And soon after, be suggested the plan of an as¬ 
sociation for insuring houses an^hips from losses by fire, 
which was adopted; and the association continues to this 
day. In the year 1744, during a war between France 
and Great Britain, some French and Indians made inroads 
on the frontier inhabitants of the province, who were un¬ 
provided for such an attack ^the situation of the province 
was at this time truly alafming, being destitute of every 
means of defence. At this crisis Franklin stepped fortb, 
and proposed to a meeting of the citizens of Philariciphia, 
k plan of a voluntary association for the defence of the 
province, Tliis was approved of, and sigped by 1200 per¬ 
sons immediately* Copies of the same were circulated 
through (be province; and in a short time the number of 
signers amounted to 10,000, Franklin wns chosen co¬ 
lonel of the Philadelphia regiment; but he did not think 
propA to i^ccpt of the honour. 

Pursuits of a different nature now occupied the greatest 
part of his aMention for some years. Being always much 
addicted to the study of natural ^^iiosophy ; and the dis¬ 
covery of the Leyden experiment in electricity having 
rcodcrcd that science on object of general curiosity; Mr. 
Fraoklin applied himself to it with great diligence, and 
soon began to distinguish himself very eminently in that 
way. He engaged in a course of electrical experimenU 
With all the ardour and thirst for discovery which cha¬ 
racterized the philosophers of thatda)\ By these, he was 
enabled to make a number of important discoveries, and 
to propose theories to account for various phenomena; 
which have been generally adopted, and which will pro¬ 
bably endure for ages, Hi^observations he comniuoicated, 
io a series of letters,, to his friend Mr, ColUnson; the first 
of which is dated March 28, 1747*. In these bo makes 
known the power of points in drawing and throwingoff the 
electric matter, winch hadihitherto escaped the ooticc 
of electricians* He also made the discovery of a plus and 
iniousi or of a positive and negative state of electricity; 


from which he explained in a satisfactory manner the 
phenomena of ilic Lc'vden phial, first obser\*ed by Cuneus 
or Muschcnbrucck, which back much perplexes! philoso¬ 
phers* He shoued that the bolilr, when charged, con¬ 
tained no more eleciriciiy than before, but that as much 
was taken froru one side as was thrown upon the other ; 
and that, to discharge the same, it was only necessary to 
make a communication between the two sides, bv which 
the equilibrium might be restored, and that then "no signs 
of electricity would remain. He afieruards demonstrated 
by experiments, that the electricity did not reside in the 
coating, as had been supposed, but in the pores of tlic 
glass Itself. After a phial was charged, he removed the 
coating, and found that upon applying u nevv coaling thv 
shuck might still be received. In (be year 174y, lie fir^t 
suggested bis idea of explaining the phenomena of thun- 
der-guits, and of the aurora borealis, upon electrical 
principles. He points out many particulars in which 
lightning and elcccricity agree; and likewise adduces 
many facts, and reasoning from facts, in support of his 
positions. In the same year he conceived the bold and 
grand idea of ascertaining the truth of his doctrine, bv 
actually drawing down the forked lightning, by means of 
sharp*pointcd iron rods raised into the region of the 
clouds; whence he derived his method of securing build¬ 
ings and ships from being damaged by lightning. It was 
not until the summer of 1752 that he was enabled to com¬ 
plete his grand disco very—the e.x|HTimcnl ol the electrical 
kite, which being raised up into the clouds, brought 
tlioncc the electricity or lightning down to (he earth ; and 
AL D’AIiburd made a like e.xperiinent about the same 
time in France, by following the track which Franklin 
had before pointed out. I'iic letters which he scut to Mr^ 
Collinson, it is said, were refuscil a place among the papers 
of the Royal Society of London ; and Mr. Collinson pub¬ 
lished them in a separate volume, under the title of Now 
Experiments and Observationsi on Electricity, made at 
Philadelphia, in America; which were read with avidity# 
and soon translated into different languages. His theories 
were at first opposed by several pbiiosophers, and by the 
members of the Royal Society of Lon^n; but in 1755, 
when ho returned to that city, they ^ed him the gold 
medal which is annually given to (he person who presents 
the best paper on some interesting subject. He was also 
admitted a member of the society, and had the degree of 
doctor of laws conferred on him by different universities: 
but at this time, by reason of the war which broke out be¬ 
tween Britain and France, lie returned to America, and 
interested himseU in the public afiain of that country. 
Indeed he bad done this long before; for although philo¬ 
sophy was a principal object of Franklin’s pursuit for scf 
veral years, be 4}d not confine himself to it alone, la 
the year 1747 he became a member of the General As¬ 
sembly of Pennsylvania, as a burgess for the city of Philop 
dclphia. Being a friend to (be rights of mao from his in¬ 
fancy, he soon distinguished himself as a steady opponent 
of the unjust schemes of the proprietaries* He was looked 
up to as the bead of the opposition; and to him have been 
attributed many of the spirited replies of the assembly, to 
themessages of the governors. His infiuence in the body 
was very groat. This arose not from any superior powers 
of eloquence; he spoke but seldom, and he never was 
known to make any thing like an elaborate harangue. 
His speeches oftco consisted of a single sentence, or of a. 
well-told story, the moral of which was always obviously 
to the point* Ho never attempted tlie Aoweiy fields of 
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oratory. ni-> niatincr wii*^ plain anti inihl. Ilis tiyla in 
b[H‘uking wii-f likv that t>i his wnuri^s, simple, unadornod, 
and reniarkublv concise. With this plain manner, and > 
his penetrating and soli<l judgment, h<’ uas able to con* 
tonn<l the ino.>t < lu<|urTU uiul subtle <>!' his adversaries, to 
contiriT) theopiiuoiiN ot his triends, and to make converts 
(»l tlie unprejndiceil who had opposed him. With a single 
ohscjvatJim, he Ims rendertMl ut no avail a long aiul eh*- 
ganl di^^coursc, ainl dt ieruiineJ the fate of h question of 
importance. 

In the year 1749 lie proposed tlic plan of an acaiicniy, 
to be erecle<l in the city of iMiiladcIpIiia, as a foundHlion 
lui posterity to c u'Cl a seminary of Uarning, nuire exten¬ 
sive and suitable to future circumstances; and in the be*- 
gmiimii <»f 1750, iliretMif the schools wore opened, iiatnely, 
tlie Latin and (ireck school, (he .Muthemntical, and tlie 
Kiiglish scliools. 'I his loundalion soon after gave rise to 
another iiioie extensive college, incorporated by charUT 
May 175 j< winch still subsists, and iu a very flou- 
jisliiMg condition. In 1752, he was instrumental m the 
esiul)lis|nu(*nt of the iVnns)lvniua Hospital, for the cure 
and rtdiet ut indigent invalids, wliich has proved of the 
greatest use to tiiat claxs of per^ons. Having conducted 
himself well as postmaster of Philadelphia, he >vas, in 
1753, appointed <1( puty postmaster-general for the whole 
Liiti^h colonies. 

I'hese being much exposed tailc]ire<lutioiis on theirfron- 
tier by the Indians and the French, at a meeting of com¬ 
missioners from several of the provinces, Mr.. Franklin 
proposed a plan for the general defence, to establish in the 
colonies a general government, to be administered by a 
president-general, appointed by the crown, and by a grand 
council, consisting of members chosen by the represenia* 
tives of the dilTercnt colonics; a plan which was uiiani* 
mously agreed to by the commissioners present. The 
plan however had asingular fate : it was disapproved of by 
the ministry of Great Uritain, because it gave too much 
power to the representatives of the people; and it re* 
jected by every assembly, as giving to the president-general, 
who was to be the representative of the crown, an influ¬ 
ence greater than appeared to them proper, in a plan of 
government intended tor freemen. Perhaps this njection, 
on both sides, is tlie strongest proof that could be adduced 
of the excellence of the system, n$ suited to the situation 
of Great Britain and America at that time. It appears to 
have steered exactly in the middle, between the opposite 
interests of both. Whether the adoption of this plan would 
have pn-venied tlie separation of America from Great 
Britain, is a question which might afford much room for 
speculation. 

In the year 1755, General Braddock, with some regi¬ 
ments of regular troops, and provincial levies, was sent to 
dispossess the French of the posts on which they had seized 
in the back sotllenients. After the men were all n*ady, a 
difliculty occurred, which had nearly prevented the expe¬ 
dition. This was the want of waggons. Prankliti now 
stepped forward, and with the assistance of his son, in a 
very short time procured 150. After the defeat of Brad- 
dock, our author introduced into the assembly a biH for 
organizing a militia, and had th6 dexterity to get it passed, 
In consequence of this act a very respectable militia was 
formed; and Franklin was appointed colonel of a regiment 
in Philadelphia, which consisted of IQOO men; in which 
capacity he acquitted himself with much propriety, and was 
of singular service; though this militia was soon after dis¬ 
banded by order of the English ministry. 


In 1737i he was sent to England, with a petition to the 
king and council, against the proprietaries, who refused to 
bear any share in the public expenses and assessments; 
which he got settled to the satisfaction of the stale. A^^c^ 
the completion of this business, Franklin remained at the 
court ol Great Britain for some time, as agent for the pro¬ 
vince of Pennsylvania; and also for those of Massachu¬ 
setts, Maryland, aiid G(*orgia. Soon after this, he pub¬ 
lished his Canada pamphlet, in which he pointed out, in a 
very forcible manner, tlie advantages that would result 
from the conquest of this province from the French. An 
expedition was accordingly planned and fitted out, and the 
q^minand given to General Wolfe; the success of which 
is well known. He now dit^ded his time indeed between 
))hilosophy and juditics, rendering many services to both. 
Wirile lierc, he invented the elegant musical instrument 
called the Harmonica, formed of glasses played on by the 
lingers. In the summer of 17^2 he returned to America; 
on his pa^sage to which ha observed the singular cfTect 
pro<luced by the agitation oFa vessel, containing oil floating 
on wafer: the upper surface of the oil remaining smooth and 
uiidisturhed, while the water was agitated with tha utmost 
coiiiindtion. On his rctuiii he received the thanks of the 
Assembly ot Pennsylvania, which having annually elected 
him u member in his absence, he again took his seat in this 
body, and continued a steady defender of the liberties of 
the people. 

In 1/64, by the intrigues of the proprietaries, Franklin 
lost hU sent in thrasscmbly, which he had possessed for 
14 years; butwan imme^tcly appointed provincial agent 
to England, for which rauiitry he presently set out. In 
1766 he was examined before the parliament relative to 
the stamp-act; which was soon after repealed. The same 
year he made a journey into Holland and Germany; and 
another into France; beingj^verywhore received with the 
greatest respect by lhelitera|^ of all nations. In 1773 he 
attracted the public attention by a letter on the duel be¬ 
tween Mr. Whotoly and Mr, Temple/concerning the pub¬ 
lication of Governor HutcliiiisonV letters, declaring cha^ 
lie was the person who had discovered those letters. On 
the 99th of January next year, he WHscxainicTtd before the 
privy-council, on a petition he bad pres< iitcd long before, 
us ugeni fur Massachusetts Buy, against Mr. Hutchinson: 
but this petition being disagreeable to ministry, it was pre¬ 
cipitately njected, and Ur. Franklin whs soon nft^r riv 
moved twm his oflficc of postmaster-general for America. 
Finding now all cfTorls to restore harmony between Great 
Britain and her colonics useless, he returned to America in 
) 775; just after the coijynenccment of hostilities. Being 
named one of the delegates to thcj^^ontinerifal Congress, he 
hud a principal share in bringing about iho revolution and 
declararinn of independency on the part of the colonies. 
In 1776 he was deputed by Congress to Canada, to nego- 
ciate with the people of that country, and to persuade 
them td throw off the British yoke; but the Canadians had 
been so much disgusted with the hot-headed teal of the 
New Englanders, who had burnt some of their chapels, 
that they refused to listen to the proposals, (hough enforced 
by all the arguments Dr, Fmnklin could make use of. On 
his return to Phtlodelphio, Corigress, sensible how much 
he was esteemed id France, sent btm thither to put a 
finishing hand to the private negociations of Mr. Silas 
Deane; and this important eommission was readily ac¬ 
cepted by the doctor, though, then^ ibc 71st year of bis 
age. The event is well known; aTreaty of aUiance and 
commerce was signed between iS^nce and America; and 


F R E 


[ J F R K 


M. Le Roi asscrtsi^liat the doctor had a great share in the 
transaction, by strongly advising M. Maurepas not to lose 
a single nioineiit, if !?e s\jshcci lo secure the friendship of . 
Amcnca, and to detach it from the morbcr-country. in •' 
1777 he was n*gularly appointed plciiipcaentiary from. 
Congress to the Freiicli court; but obtained leave of dis-" 
mission in I7S0. Having at length seen the full accom* 
plishmont of his wishes by the conclusion of the peace in 
1783, which gave in<le|)endency to America, he became 
desirous of revisiting hts native country. He therefore re* 
quested to be recalhal; after repeated solicitbtinns, 
Mr. Jefferson was appoinlra in his stead. On the arrival 
of his successor, ho repaired to Havre de Grace, and 
crossing the channel, funded at Newport in the Isle of 
Wight; whence, after a favourable passage, he arrived 
safely at Philadelpina in September 1785. He was tv- 
ceived amidst the acclamations of u vast multitude, who 
docked from all parts to see him, and who conducted him 
in triumph lo his own house;, where in a few days he was 
visited by the members of the Congress and the principal 
inbubitJiUs of Fiiihniclpliiu. He was afterward twice 
chosen president of the Assembly of Philadelphia; but his 
increasing inljniiitics obliged him to ask permission to ic- ' 
tire, and to spend the remainder of his life in tninquillity; 
which was granted, in J7S8. After cbis> the infirmities of 
age increased fast upon him ; he became more and more 
afflicted with the goul and the stone, till the time of his 
death, which happened the 17th of April 1790, about 11 
at night,at 84y(*arsof age; leaving one son,governor WiU 
iiam Franklin, a zealous loyalist, who resided in London, 
on a pension f^rom the English government, till his death 
in the year 1813; and a daughter, married to Mr. William 
Bachc, merchant in Philadelphia. 

Doctor Franklin was author of many tracts on eicctri* 
city, and other branches of natural philosophy, as well as 
on politics, and miscellaneous subjects. He had also 
many papers inserted in the Philosophical Transactions, 
from vol. 47 to vol. 64* 

FREEZE, or Fhize, in Arciiitecturcj a Urge flat mem¬ 
ber, being tliat part of the entablature of columns that se« 
parates the architrave from the cornice. 

FREEZING, or Congelation, the fixing of a fluid body 
into a flriD or solid mass by tiie abstraction of its caloric : 
in which sense the term is applied to water when it freezes 
into ice; to metals when they resume their solid state, af¬ 
ter being melted by beat; or to glass, wax, ^fccli, tallow, 
&c, when they harden again after having been rendered 
fluid by beat. But it differs fron) crystallization, which is 
rather a separation of the particles of a solid from a fluid, 
in which it had been dissolved more by the moisture than 
the action of heat. ^ 

The process of congelation is always attended with the 
emission of beat or caloric, as is found by experiments on 
the freezing of water, wax, spermaceti,* &c; for in such 
cases it is always found, thatu thermometer dipt into the 
fluid mass, keeps continually descending as this cools, till 
it arrive at a certain point, being the point of freezing, 
which is peculiar to each fluid, where it is rather station¬ 
ary, and then rises for a little, while the congelation pro¬ 
cess. But by whut means it is that fluid bodies should 
thus be rendered solid by cold, or loss of caloric; or fluid 
by the absorption of ibis substance; or what is introduced 
into the bodies by either of these principles, are matters 
which philosophers have never yet been able to discover, 
or to satisfy them selves upon. The following phenomena 
however arc usually observed* Water, and some other 


fluids, stiddciiK dilate ami expand in the* act of freizinj, 
so as lo occupy a greater .^paeu in the U>rm of ice than be¬ 
fore, in coiiictjuence of which il that ice is specifically 
lighter than the same fluid, and fh^ats in it. . nd the de¬ 
gree of expansion of wairr, in the slate of ice, is by somt* 
authors computed n.t ab(uit of ji^ volume. Oil how¬ 
ever is an exci ption to this proix rty, an I qnick'^ilver too. 
which shrinks snul contracts still luorc after freezing. 
Boyle n lates sover.tl experiment'' of vts^eUmade of iiietal, 
very thick and sliimg; in v*. hitli, when lilk*d with wjiier, 
cloac stopped, and exp<i5e<l lo t!ie cold, the water beini: 
expanded in li-cezing, and not tinding either ro<nn or vent, 
burNi the ve'bsels. A strong barrel o| a LUn, III led with 
water, attd close slopped and wj^ rent the wJioh* 

length. Huyi»en>, to try the force with wlncli water ex¬ 
pands when frev'ziiig, tilled a cannon witli jt, nh(»'-e side^. 
were an inci) thick, and ttien closed u|> the month and 
vent, so that none Could escape; the whole beins? e xp<»sed 
to a strong freezing *iir, ilie water froze in alumt IC houi«, 
and burst the piece in two places. Mathoinulicians have 
computed thelorceof the ice upon this occasiriti; hihI tl;ey 
say, that such a force vvouhl rai^e a woght of 27720 
pounds. Lastly. Major Edsvard William'*, llie Royal 
Artillery, maile many experiments on the force of freezing 
water at Quebec, in the years 1784 and 1785. He filled 
all sizes of iron bntnh-sholls with this fluid, then plugged 
the fuze hole close up, and exposed them lo the strong 
freezing air of the winter in that climate; sometimes driv¬ 
ing in the iron plugs as hard as possible with a sledge ham¬ 
mer; and yet they were always thrown out by the sudden 
expansion of the water in the act of freezing, like a ball 
shot by gunpowder, sometimes to the distance of 4 or 
500 feet, though they weighed nearly 3 pounds; and when 
the plugs were screwed in, or furnished with hooks or 
barbs, t<t lay hold of the inside of the shell by, so that they 
could not possibly be forced out, in this case the shell was 
always split in two, though the thickness of the metal of 
the shell was an inch and three quarters. It is further re¬ 
markable, that through the circular crack, round about 
the shells, where they burst, there stood out a thin film or 
sheet of ice, like a fin; and in the cases when the plugs 
were projected by frei‘zing water, there suddenly issued 
out from (be fuze-hole, a bolt of ice, of the«samc diame¬ 
ter, and stood over it to (ho height somotihies of 8 inches 
ami a half. And hence we not'd not be svirpriscd at the 
effects of ice in destroying the substance of vegetables and 
trees, and even splitting rocks, vvhen the frost is carried to 
excess. Sec other similar instance's in the article Cold. 

It is also observed that water loses of its weight by 
freezing, being found lighter after thawing again, than 
fore it was frozen. And indeed it evaporates almost as 
fast wlten froaum, as when it is fluid. 

Wo likewise find il asserted, that water does not fn^zc 
in vacuo; requiring for that purpose the presence and 
contiguity of the air. But this circumstance is liable to 
some doubt, and it may be stupected that the degree of 
cold has not been carrii'd fur enough in these particular 
instances; as it is found (hat mercury in thermometers has 
even been frozen, (hough it requires a vastly greater de¬ 
gree of cold to freeze this fluid than water. Besides, the 
assertion has b*ccn lately disproved by the experiments of 
Professor Leslie and Dr.Marcet, &c> who have frozen not 
water only, but even mercury> in the exhausted receiver, 
and that only by simple evaporation* 

That water which has been boiled fri'ezcs more readily 
than that which has uot been boiled; and that a slight 
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romtnolion of ihc fluid disposes it to freeze more speedily ; 
liH'tng sometimes been cooled scvcrrnl degrees below the 
freezing |)oint, without congealing when kept quite still, . 
but suddetdy freezing into ice on the slightest agitation. 

Thill the water, being covered over with a surface of oil 
of olives, does nut treeze so readily as without it; and 
that nut oil absolutely preserves it under n strong frost, 
when olive oil would not. 

That rectified spirit of wine, nut oil, and oil of turpen* 
tifte, seldom freeze. 

That the surface of the water, in freezing, appears all 
wrinkled; (he wrinkles being sometimes in parallel lines, 
and sumetiini-s like mys, proceeding from a centre to the 
circumference, bee the articles Congelation, Cold, 
and Ice. 

I'litEziNG Mixture, a preparation for the artificial con¬ 
gelation of water, and other fluids. According to Mr. 
Boyle, all kinds of salts, whether alkaline nr acid; and 
even all spirits, as spirit of wine, &c; as also sugar, and 
saccharum saturni, mixed with snow, are capable of freez¬ 
ing most fluids; niid the same cflect is produced, in a very 
high degree, by u ini.Murc of oil of vitriol, or spirit of nitre, 
with snow. 

The same is also remarked by M. Homherg of equal 
quantities of corrosive sublimate, and sal ammoniac, with 
four times the quantity of distilled vinegar. 

Boerhaave gives a method of producing artificial frost 
without either snow or ice : we must have fur this purpose, 
at any season of the year, the coldest water that can be 
procured ; this is to be mi.vcd with a proper quantity of 
any salt (sal ammoniac will answer the intention best), at 
the rate of about 3 ounces to a quart of water. Another 
quart of water must be prepared in the same manner with 
the first; the salt, by being dissolved -in each, will make 
the water much colder than it was before. The two 
quarts arc then to be mixed together, and this will make 
them colder still. Two quarts more of water prepared and 
mixed in the same manm-r arc to be mixed with these, 
which will increase the cold to a much higher degree in all. • 
The whole of this operation is to be carried on in a cold 
cellar; and a glass of common water is then to be placed 
in the vessel of the fluid thus artificially cooled, and it will 
be turned into ice in the space of 12 heurs. 

There is also a method of making artificial ice by means 
of snow, without any kind of salt. For this purpose fill a 
small pewter dish with water, and upon that set a common 
pewter plate filled, but not heaped, with snow. Bring this 
simple apparatus near the fire, and stir the snow in the 
plate: the snow will dissolve, and the ice will be formed 
on the back of the plate, which was set in the dish of water. 

M. Reaumur tried the cflect of several salts, and exa¬ 
mined the various degrees of cold by an ice thermometer, 
which being placed in the fluid to be frozen, showed very 
exactly (he degree of cold by the descent of the spirit. 

Nitre, or saltpetre, usually passes for a salt that may be 
very serviceable in these artificial congelations; but the 
experiments of this gentleman prove that this opinion is 
erroneous. The most perfectly refined saltpetre employed 
in the operation sunk the spirit in the thermometer only 
3| degrees below the fixed point. Less refined nitre de¬ 
pressed the thermometer lower, and gave a greater degree 
of cold; owing to the common or sea-salt that it contains 
when less pure, which has a greater cflect than the pure 
saltpetre itself. 

Two parts of common salt being mixed with throe parts 
of powdered ice in very hot weather, the spirit in theiher^ 


morocter immediately descended 15 dc^ees, which is half 
a degree lower than it would have descended in the severest 
cold of our winten. RI. Reaumur then tried the wits all 

round, determining with great regularity and cxactne$s,wbat 

was the degree of cold occasioned by each in a given dose. 
Among the neutral salts, none produced a greater degree 
of cold than the common sea salt. Among the alkalies, 
sal ammoniac sunk the thermometer only to 13 degrees. 
Pot-ashes sunk it just as low as well-refined saltpetre. 

For the common uses of the table, the ice is not re¬ 
quired to be very hard, or such os is produced by long 
continuance of violent cold: iTis rather desired to be like 
snow. Saltpetre, which is no very powerful agent in freez¬ 
ing, is therefore more fit for the purpose than a more po¬ 
tent salt. It is not necessary that the congelation should 
be very suddenly made; but that it may retain its furm as 
long as may be, when made, is of great importance. If it 
be desired to have ices very hard and firm, and very sud¬ 
denly prepared, then sea salt is of all others most to be 
chosen fur the operation. The ices thus made will be very 
hard, but they will soon run. Pot-ashes afford an ice of 
about the hardness that is usually required. This forms 
indeed very slowly, but then it will prcscn'c a long time. 
And common wood-ashes will perform the business very 
nearly in the same manner as the pot-ashes; but for this 
purpose, the wood which is burnt, ought to be fresh. 

The strong acid spirits of the neutral salts act much 
more powerfully in these congelations than the salts them¬ 
selves, ur indeed than any simple salt can do. Thus, spi¬ 
rit of nitre mixed with twice its quantity qf powdered tee, 
immediately sinks the spirit in the thermometer to 19 de¬ 
grees, or 4 degrees more than that obtained by means of 
, sea salt, the roost powerful of all the salts in making arti¬ 
ficial cold. A much greater degree of cold may be given 
to this mixture, by piling it round with more ice mixed 
with sea salt. This gives a redoubled cold, and sinks the 
thermometer to 24 degrees. If this whole matter be ho¬ 
vered wkb a fresh mixture of spirit of nitre and ice, a still 
greater degree of cold is produced, and so on; the cold 
being by this method of fresh additions to be increased 
almost without bounds: but it is to observed, that every 
addition gives a smaller increase than the former. 

It is very remarkable in the acid spirits, that though 
seasalt issomuch more powerful'than nitre in substance 
in producin^cold, yet the spirit of nitre is much stronger 
than that of sea salt; and another not less wonderful phe¬ 
nomenon is, that spirit of wine, which is little else than 
liquid fire, has as powerful an cflect in congelations, or very 
nearly so, as the spirit of nitre itself. 

The several liquid substances which produce cold, in 
the same manner as the dry salts on being mixed with ice, 
are much more speedy in tbeir action than the salts: be¬ 
cause they immediately and jn\iclr more intimately come 
into Contact with the particles of the ice, than the salts 
can. Of this ijature are spirit of nitre, spirit of wine, fire. 
To producc'tho expected degree of cold, it is alwpys ne¬ 
cessary that the ice and the additive matter, whatever it 
may be, should both rush together, and intimately uniting, 
form one clear fluid. It is hence that no new cold is pro* 
duced with nil, which, though it melts the ice, yet can¬ 
not mix itself into a homogeneous liquid wilb it, but roust 
always remain floating on the surface of the ivatcr that is 
produced by the melting of the ice. Mem. ACad. Scienc. 
Par. 1734. 

It has been discovered, that fluids standing in a current 
of air, grow by this means much colder than before. Fah> 
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rcnheit liad long since observed, tbai a pond, which stands 
<]U»te calm, often acquires a degree of cold much beyond 
what is sufficient for freezing, and yet no congelation cn^ 
sued: but if a slight breath of air happens in such a case 
to glide over the surface of the water, it stilTens the whole 
in an instant* It has also been discoven^d, that all sub¬ 
stances become colder by the evaporation of the fluids 
they contain, or with which t^ey are mixed. If both 
these methods therefore be practised on the same body at 
the same time, they will increase the cold to almost any de¬ 
gree of intcnstticss wc please. 

Most exlruordinary instances of artificial freezing have 
since been made in Russia and at Hudson’s Bay, and other 
parts, by which quicksilver was frozen intoa solid mass of me- 
tah This indeed had before been effected by the natural cold 
of the atmosphere ulono, in Siberia. In the winter of 1733, 
Professor Gmelin, with two other gentlemen of the Russian 
academy, were scot by Anne Ivanouna, the new empress, 
to explore and describe the different parts of her Asiatic 
dominions, with the communication of Asia and America. 
In the same season <if the year 1734-5, M. Gmelin being 
at Yencscisk in 58^ 30' north lat. and 92^ long, east from 
Greenwich, first observed such a descent of the mercury, 
as must have been attended with congelation, being far be¬ 
low its freezing point, now fixed at —40 of Fahrenheit’s 
thermometer. “ Here,” says he, ** wc first experienced the 
truth of what various travellers have related, with respect 
to (he extreme cold of Siberia; for, about the middle of 
December, such severe weather set in, as wc were sure had 
never been known in our time at Petersburg. The air 
seemed as if it were frozen, with the appearance of a fog, 
which did not suffer the smoke to ascend as it issued from 
the chimneys. Birds fell from the air as <icad, and froze 
immediately, unless they were brought into a warm room. 
Whenever the door was opened, u fog suddenly formed 
round it. Daring the day, short os it \vas, parhelia and 
haloes about the siin were frequently seen; and in the 
night mock moons, and buloes about the moon. Finally, 
our tiiormomotcr, not subject to the same deception as the 
senses, left us no doubt of the excessive cold ; for the quick¬ 
silver in it was reduced, on the 5th of January, old style, 
to —120^ of Fahrenheit's scale, lower than it had ever 
been observed in nature.” 

The next instance of congelation occurred at Yakutsk, in 
62^ north lat. and 150^ east longitude. The weather here 
was unusually mild fur the climate, yet the thermometer 
fell to —72^; and one person informed the professor by 
a note,* that the mercury in his barometer was frozen. He 
hastened iiiimediutcly to his house to behold such a sur¬ 
prising phenomenon; but chough he was witness to the 
fact, observing that the mcTCury*did nut continue in one 
column, but wa^ divided in different places as mto little 
cylinders, which appeared frozen, yet the prejudice he had 
cntcrtaine^l against the possibility of tliccongelation, would 
not allow him to believe it. 

Another set of observations, in the course of which the 
mercury must frequently have been congealed, were made 
by* Professor Gmelin at Kirenga^furr, in 5?^ north lat., 
and 108 east^ong.; Ris thermometer, at diflcrcoi times, 
standing at — 108, —86, —100, — 113, and many other 
intermediate drgiws i in ibe course of the winter of 1737*8. 
On the 27th of November, after the thermometer had been 
standing for two days at —46^, be observed it sunk at 
noon to —108. Suspecting some mistake, after he had 
noted down the observation, he insumtly lao back, and 
Voi. I. 


found It at — 102 ; bur asconujng u itli such mpnlirv, tijat 
in the space ot half an hour jt had risen to — I 9 . I hrs 
phcnonu'iion. N\hicli apjaareJ so surpri5jn;2, douhil"*v de¬ 
pended on the expansion of the mercury frozen in ihe 
bulb o( the thermojneler, and vs Inch, now inehing, tn*ced 
upwards the small thriad in the siein. Similar appear¬ 
ances were observed utter wards, when the thread of tjuick- 
silvcr in the tborinometer was se|»uratcd about 6 degrees. 

A $ccon<l instance, where a natural conpcluiiori oJ mer¬ 
cury has certainly been observed, is recorded in the 'Frans- 
actions of the Royal Academy of Sciences at Stockholm, 
as made by Mr. Andrew Hellant. 1 he weather, in Ja¬ 
nuary 1760, was remarkably cohl in Laplund ; 2>o that on 
the olh of that month, the thermometers fell to—76, 
— 128, or lower; on the 23d and following du)S they leU 
to —38, —79» uiid below—238cntirely Tiito tlie ball. 

This was obserred at four different places in Lapland, si¬ 
tuated between the 65lh and 78lli degrees of north lat. 
an<i the 21sl am) 2Sth degress of cast longitude. 

But the congelation of quicksilver, by an urtificiul freez¬ 
ing mixture, w'as first observed, and put beyond doubt, 
by Mr, Joseph Adam Brauu, profi^ssor of philosupliy at 
Petersburg. This gcntieinan, wishing to try liow many 
degrees of cold he Could produce, availed himself of a good 
opportunity, which offend for that purpose, on the 14th of 
December 1759, when the mercury in the thermometer 
stood in the natural cold at —34, which it is now known 
is only 5 or 6 degrees above its point of congelation. As¬ 
sisting this natural cold therefore, with a mixture prepared 
of aquafortis and pounded ice, his thermometer was sunk 
to—6y. Part of the quicksilver must now have been 
really congealed, but unexpected by him, and he only 
thought of pursuing his object of producing sttll greater 
degrees of cold ; and having expended all bis pounded ice, 
he was obliged to use snow instead of it. With this fresh 
mixture the mercury sunk to —100, — 240, and —350^. 
Taking the thermometer out, he found it whole, but the 
quicksilver fixed, and it continued so for 12 minutes. On 
repeating the experiment, with another thermometer which 
bad been graduated no lower than —220, all the mercury 
sunk into the ball, and became solid ns befor;, and did not 
rc-ascend (ill after a still longer interval of time. Mr. 
Braun now suspected (bat (he quicksilver was really froicii, 
and prepared for making a decisive experiment. This was 
accomplished on the 25th of the same month, and the bulb 
of tbc thermometer broken as soon the melul was con¬ 
gealed; when it appeared that the mercury was changed 
into a solid and shining metallic mass, which flatted und 
cxlcndetl under the strokes of a pestle, being rather less 
hard than lead, and yielding n dull sound like that metal. 
Mr. Aipirius made similiir experiments ut the same time, 
employing as well thermometers as lubes of a larger bore; 
in which last be remarked, that llie quicksilver fell sensibly 
on being frozen, assuming a concave surface, and also, 
that the congealed pieces sunk in fluid meicury: also, in 
their further experiments, they invariably found that the 
mercury sunk lower when the whole of it was congealed, 
than it any part oi it remained fluid: all showing that, 
contrary to water, mercury contracted in fret^zing. it was 
further observed, that the mercury wheu congealed looki-<i 
like the must polished silver, and wlicn beaten flat, it was 
easily cut with penknife, like suA ihin sheet lead. 

Tbc fact btdng thus established, and fluidity no long«*r 
to be cobsidered as an essential property of quicksilver, 
Mr. Braun communicated an account of bis cxpcilmcnts 
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fo (he Pcicrsburg ncadcmy, on the 6th of Soptemher 
1760 ; oJ uliicli a large extract was iiisorlcd in the Philo>. 
'I'raijs. vol, pa. He afterwards declared lliat he 

ne ver sufierce! a uniter to pa>s without repealing the cx- 
)u rifnent of freezing quicksilver, and never failed of suc- 
r<*ss wiu i) the natural cold was of a suOicient strength for 
the purpose ; am! this degree of natural cold he supjjoscs 
at—10 of Falircniicit; though some commencement of 
the congelation jnight be perceived when the temperature 
of the air vvas as high as -+• Q, 

The results of all his experiments were, that with the 
abovementionod frigorific mixtures,and once with rectified 
spirits and snow, when the natural cold was at —28®, he 
congealed the quicksiUer^ and disctivered that it is a real 
metal, that melts w ith a very small degree of heat. How* 
ever, not perceiving the Accessary consequence of its great 
contraction in freezing, hr always confounded its point of 
congelation, with that of its greatest contraction in freez¬ 
ing, and thus marked the former a great deal too low, 

111 the process of his observations, Mr* Braun found 
tliat double aquafortis was more eiTectual than spirit of 
jutre^ but with tliis simple spirit, whicii seldom brings 
llic meretiry lower than — 148, this metal may be frozen 
in the following manner: v>ix glasses being611cd with snow 
as usual, an<l the thermometer placed in one of them, tho 
spirit of nitre tv as poured upon it; when the mercury 
would fall no lower in this, tliothermometer w*as ix*movcd 
to the second, and so on to the third and fourth, in s\hich 
fourth immersion the mercury was congealed. 

Mr* .^pimis gives the following direction for using tho 
fuming spirit of nitre : Take some of this spirit, cooled ol 
much as possible, and put it into a winc*glass till it bo 
about half full, filling it up with snow, and stirring them 
till the mixture become of the consistence of pap ; by 
which means you obtain, almost in an instant, the ne¬ 
cessary degree of cold for the freezing of quicksilver* 
ll is remarked by Mr. Braun, that by ^e mixture of 
snow and spirit of nitre, which congealed the mercury, ho 
never was able to bring thermometers, filled with the 
most liighty rectitied spirit of wine, lower than —148 : 
so that the cold which will freeze mercury, will not freeze 
i^pirit of wine; and therefore spirit thermometers are the 
molt fit to determine the degree of coldni^ss in frigorific 
mixtua*s, till we cun construct solid metallic thcrmomc- 
Icrs with sufficient accuracy. This author tried the ef¬ 
fects of different fluids in his frigoriOc compositions: ho 
always found that Glauber's spirit of nitre and double 
aquafortis were tho most powerful; and from a number 
of experiments made when the temperature of the air was 
between 21 and 28 of Fahrenheit, he concludes, that 
spirit of salt poured upon snow increased the natural cold 
36®: spirit of sal ammoniac, 12; oil of vitriol, 42; 
Glauber's s{)irit of nitre, 70; aquafortis, 48; simple spirit 
of nitre, S6; dulcified spirit of vitriol, 24; Hoffman's 
anodyne liquor, 38; spirit of hartshorn, 12; spirit ofsul* 
phur, 12; spirit of wine rcclihed, 24; camphorated 
spirit, 18 ; French brandy, 14; and several kinds of wine 
increased the natural cold to 7f 8, or 9 degrees* 

The most remarkable congelation of mercury, by na- 


mcnon we speak of. On the 6th and 7th of December 
that year, says he, there happened the greatest cold 1 have 
ever experitiiced in Siberia ; the air was calm at the time, 1 
and seemingly thickened ; so that, though the sky was in 
other respects clear, the sun nppi^rcd as through a (bg. 

1 had only one small thermometer left, in which the scale 
went no lower than -r7^f and on the 6th in the morning, 

I remarked that the quicksilver in the tube sunk into tlid 
ball, c.xccpt some short columns which stuck fast to its 
surface. When the ball of the ihcrinonKicr, as it bung 
in the open air, was touched with the finger, the quick¬ 
silver rose; and it could plainly be seen that the solid co¬ 
lumns stuck and resisted a good w hile, and were at length 
pushed upward with a seeming violence* He also placed 
upon the gallery, on the north side of bis house, some 
quicksilver in an open bowk Within an hour be observed 
the edges and surface of it frozen solid ; and some minutes 
nflcrwavd the whole was condensed by the natural cold 
into a sofl mass very much like tin, \\hile the inner part 
was still fluid, the frozen surface exhibited a great variety 
of branched wrinkles; but in general it remained pretty 
smooth in freezing* The congealed mercury was inoic 
flexible than lead; but on being bent short, it was found 
more brittle than tin; and when hammered out thin, it 
appeared somewhat granulated. When tliu hammer was 
not perfectly coojed, the quicksilver melted away under 
it in drops; luid thcstvpic thing happened w hen the metal 
was touched with the Anger, by which also the finger was 
immediately benumbed. When the frozen moss was broken 
to pieces in the cold, the frngmenu adhered to each other 
and to the bowl in which they were placed* In the warm 
room it thawed on its surface gradually, by drops, like 
wax on the fire* Though tlie frost seemed to abate a little 
towards night, yet the congealed quicksilverrcmained un¬ 
altered, and the expcrirucut with the ibermompter could 
still be repeated* On the 7th of Decemberhe had an op¬ 
portunity of making the same observations nil day; but 
some hours after sunset, a north-west wind sprung up, 
which raised the thermometer to —46®, when the mass 
of quicksilver began to melt. 

The experiments of Mr. Bmun wore successfully re¬ 
peated at Gottingen, in 1774, by Mr* John Frederick 
Blumcnbacb; being encouraged to. this attempt by tho 
excessive cold of the winter that year, especially the pigbt 
of^nuary the Uth, when he made tho cxpcntncnCi tho 
thermometer standing at —10 in th^open air* Mr* Blu- 
mcnbach at 5 in the evening, put 3 drachms of quicksilver 
into a* small sugar^lass, and covered it with a mixture of 
snow and Egyptian sal ammoniac, setting the glass out in 
the air upon a mixture also of sal ammoniac* At one the 
next morning, the mercury was found frozen quite solid, 
and hard' to tho gloss; and did not melt again till 7 or 
8 the next morning* The colour of the frozen mercury 
was a dull pale white with a blucisb cast, like zinc, very^ 
different from die natural appearance of quicksilver. 

By similar means, quicksilver was twice frozen by Mr* 
Hutchins, governor of Albany-fort, in HudsonVbay, itt 
tho months of January and Februaw of 
same was done on the 28th of Jaiml^ I77^by Dr. l^m- 


luml cold, that lias ever been observed, was that related, bert Dicker, secretary of Rotterdam^ The lemperaiuro 
by Dr. Peter Simon Pallas, who had been sent by the of the atmosphere was then at -t- 2®; ailc^lhe ibwcst il 
empress of Russia, with some other gcrulcmcn, on an ex- could reduce the thermometer by artificial c^d, was —94, 
pedition similar to that of M.Gmelin* Being at Kras- when, on breaking thegloss, the mercury was found con- 

noyarsk in the year 1772, in north lat. 56®S(y, and cast gcaled* > xn 1 • c 

long. 93®, he had an opporUnity of observing the pheno- In the beginning of the year 1780, M* Von Eltenein 01 
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Vylegra, a town of Russia, in lat. north, and long. 
3^ easti froze quicksilver by natural cold* On the 4th 
of January 1780, the cold being increased to —34 that 
evening at Vytegra, he exposed to the open air 3 ounces 
of very pure quicksilver in a china teacup, covered with 
paper pierced full of holes* Next day, at 8 in the morn¬ 
ing, he found it soluJ, and looking like a piece of cast 
lead, with a considerable depression in the middle. On 
attempting to loosen it in the cup, his knife raised shavings 
from it as if it had been lead, which remained sticking up; 
and at length the metal separated from the bottom of the 
cup in one mass. He then took it in his hand to try if it 
would bend : it was stiD' like glue, and broke into two 
pieces; but his lingers immediately lost all feeling, and 
could scarcely be restored in an hour and a half by 
rubbing them with snow* At 8 unlock the thermometer 
stood at ^57i but half after 9 was risen to -^40; and 
then the two pieces of mercury which lay in the cu|> bad 
lost so much of their hardness, that they could no lunger 
be broken, or cut into shavings, but resembled a thick 
amalgam, which, though it became fluid when pressed 
by the lingers, immediately afterwards resumed the con¬ 
sistence of pnp* With the thermometer at — 39t ihe 
quicksilver became fluid. The cold was never less on (he 
5th than ‘^28, and by 9 in the evening it had increased 
again to —33. This experiment seems to fix the freezing 
point of mercury at — 40 of FahrenheiCs thermometer, or 
40 below 0; which is 72^ below the freezing point of water. 

During the winter of 1781 and -82, Mr. Hutchins re¬ 
sumed the subject of freezing quicksilver by artifleial cold, 
with such success, that from his experiments and those 
of M* Von Elterlein, last mentioned, the frot'zing point of 
mercury is now almost as well $(fUlcd,vi2, at —40, as that 
of water is at 32. 


An instance of the natural congelation of quicksilver 
also occurred in Jcmptland, one of the provinces of 
Sweden, on the 1st of January 1782; and lastly, on the 
S(>th of the same month, iMr. Hutchins observed the same 
c/Tect oOlic cold at Hudson's-bay ; when he found that at 
tlie point of its freezing a mercurial thermometer stood at 
— 40, and a spirit thcrmqmeter at —30. 

On this subject, see (he article Cold ; see also the Phi¬ 
los. Trans, vol* 51, pa. 672 ; vol. 52 , pa. 156; vol.66, pa, 
174 ; vol. 73 , pa. SOS and ^25 ; vol. 76 , pa. 241 ; vol. 77 , 
pa. 285 ; vol. 78 , pa.43 ; and several others, particularly 
vol* 7^ pa. 19d/^^i being experiments on the congelation 
of quirasilvcr in Knglan<h by Mr. Richard Walker, where 
he proves that mercury may bo frozen not only in Eng¬ 
land in summer, but even in the hottest climate, at any 
season of the year, end without the application of ice or 
snow. ♦ 

About the year 1610, Professor Leslie, of Edin^burgh, 
simply by evaporation, succeeded in freezing water in¬ 
closed in an exhausted receiver, to promote a quick eva¬ 
poration* The water is placed over an open vessel, con¬ 
taining sulphuric acid, w'bicb absorbs the vapour as it ex¬ 
hales from the water; the whole being inclosed within the 
receiver of an air-pump^ the water cools as the exhaustion 
proceeds; and is ultimately changed into ice. Mr* Leslie 
afterwa^ succeeded in freezing mercury by a similar pro¬ 
cess ; m, by investing the bulb of a mercurial thermo¬ 
meter with a thin coat of ice, and exposing this to the 
joint effect of exhaustion and of sulphuric acid. 

Dr. Marcet too has since effected the congelation of 
mercury with great facility end quicknetf, simply by aub« 


stituting the evyioration of ether, instead of that of water, 
in the process. See the particulars in Nicholson’s Journal, 
vol. 34, p. I ip. 

Dr. W, II. Wollaston has even succeeded in freczin<» 
water at a distance from the mixture. Ills method con¬ 
sists of a tube, with a bull ut cucli end, bent at right 
angles: one of the bal)> contains a little water; and the 
remainder of the space is to be as perftcl a vacuum as can 
be obtained. When this instrument has been successfully 
exhausted, if the empty ball be imincrsrti in a freezing 
mixture of suit and snow, the wmer in the other ball, 
(hough at the distance of 2 or 3 feet, uill br iVozm solid 
in the course of a very few minutes. '1 lie >apour contained 
in the empty ball is condensed by tb^ common operation 
of cold, and the vacuum produced by this condeii^ation 
gives opportunity for a fresh quantity to arise iunu die 
opposite ball, with |)roporttona] reduction of its ten pera- 
ture. See Philos. Trun>, 18)3, pt. 1. 

Fhp.F-zixg Point, <lenotes die point or degree of col<l, 
shown by a mercurial thermonn ter, at uiiich certain 
fluids begin to freeze, or, wlnn frozen, at which (hey 
begin to thaw again* On Fahrenheit’s thermometer, this 
point is at -h32 for water, and at —40 for quicksilver; 
these fluids congealing at those two poiijts ri*specti\ely. 
It w ould also be well if the freezing (loinls for other fluids 
were ascertained, and the whole arranged in u fable. 

It may here be proper to renuuk, that ih ajgh the freez¬ 
ing point of water be 3‘2^, yet it may be Cooled down in 
favourable circumstances considerabi} below that tempera¬ 
ture, before It begins to shoot into crystals. ICxpcTiiuents 
were made on this subject by Mairan and I'ahrcnheit; 
but it is to Sir Charles Ulugden that w*e arc ifulebted for 
the fullest inve»(ication of it. He succeeded in cooling 
water down lo 21^ before it froze, by expo^ing it slowly 
to the action of freezing mixturo. '1 he experiment suc¬ 
ceeds best when die water tried is well purged of its air* 
It ought also to be transparent; for opaque bodices floating 
therein cAuse it to shoot into crystals when only u few de¬ 
grees below the freezing point. When u piece of ice is 
thrown into w*atcr (bus cooled, it causes it instantly to 
shoot out into crystals. The same effect is produced by 
throwing the li(|uid into a tremulous motion ; but not by 
stirring itv It freezes also when cooled dow n too suddenly. 

FitEEZiNG Rain, or Jioining /cc, a very uncommon 
sort of shower w hich sometimes fulls during w inter. A 
remarkable shower of this kind happened in December 
1672, in the west of England : of which some accounts 
are ^ven in the Philos. Transact. Xo. 90. This rain, os 
soon as it touched any thing above ground, as a bough, 
or the like, immediately settled into ice ; and by enlarging 
and multiplying the icicles, it broke ail down with its 
ivcight* The rain (bat fell on the snow, immediately con¬ 
gealed, without sinking in the snow at all. It made also 
an amazing destruction of trees, beyond any thing in all 
history. ** Hud it concluded with some gust of wind,*’ 
said a gentleman on the spot, it might have been of ter¬ 
rible consequence. Having weighed the sprig of an ash- 
tree, the wood of which was just three quarters of a 
pound, the tee upon it amounted to 16 pounds. Some 
were frighted with the noise in the air; ti^ they discerned 
it was (be clatter of icy boughs dashing against each 
other/* Dr. Beale observes, that ther6 was no considera¬ 
ble frost perceived on the ground during the whole of the 
shower; from which he concludes, that a frost may bo 
very fierce and dangerous on the tops of some hills, while 
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tu r nluce^ il ki‘cj)5» at scuric fot t abovo thfe ground ; 


•itui iiuiv wufi<lcr about very* furiously in scmic places, and 
be remiss in others not fur off. 'i bis rain svas lollovved by 
5tlo>vini' beats, and a gieal forwardness of vegetation. 

J Rb.MCld*' (BbRKAun), u ceb'braietl French inatbc- 
jji.iiiei.m of the 17 th century. lie wvis the contemporary 
jtml c(>iiip.!ni<mof Dcscaites, Fcrn)al, tind the other learned 
Mialhomaiicians of their time, lie was atlniilted Ocomc* 
tr u ian of the i Vench .\ca<lemyin l(i{)6; ami died in 1073. 
i K'tntle had many papers inserted »n the Ancient Metnoirs 
of the Academy, of 1660\ particularly in vol. 5 of that 
collection, viz, I. A moduKi of resolving problems by Fx« 
idiisiun'.—2. Treatise of right-angled 'I’rian^tles in Num* 
hors.— 3. Short tract on Combinations.—+. Tablt^s of 
Magic Squares—5. General method of making Tables of 
Magic Sqiiaroii. 

FUF^CO, is a sort ofpninting which is made upon the 
phi^t^ ring of walls before it is dry. 

]• KlAl\l I.rrV, the <|ualily of a body that is friable, 

FIIIABLK, a (piality of bodies by which they are ren- 
. dertnl tender and brittle, easily crumbled or reduced to 
]>osv<lcr between the lingers; their force of cohesion being 
sucfi easily exposes them to such solution. Such arc 
pumicc, and all calcined stones, burnt alum, &c. 

It is supposed that friability arises from hence, that the 
body Consists wholly of dry purts irregularly combined, 
and which are readily separated, ns having nothing unc* 
tiious or glutinous to bind them together. 

FRICTION, the act of rubbing or grating the surfaces 
of bodies against or over each other, callctl also attrition. 
—The phenomena arising from the friction of divers bo« 
dies, under different circnmstanccs, arc very numerous 
ami considerjj^h^ Mr, Ilawkslx c gives a number of ex* 
perimonts of this kind ; particularly of the attrition or fric¬ 
tion of glass, under various circumstances; the result of 
which was. that it yielded light, and became electrical. 
Indeed all bodies by friction arc brought to conceive heat; 
many of tlicm to emit light; particularly a cat’^ back, su¬ 
gar, beaten sul|duir, mercury, sea-svater, gold, copper, &c, 
but above all diunfonds, which when briskly rubbed against 
glass, gold, or tlic like, yield a liizht equal to that of a 
live coal when Idowed by the bellows. 

Friction, in Mcclianics, denotes the resistance a mov¬ 
ing body meets with from the surface on which it moves. 

Friction arises from the roughness or asperity of the sur¬ 
face of >1110 body moved on, and tliat of the body moving: 
for such surfaces consisting alternately of eminences and 
cavities, cither the eminences of the one must be raised 
over those of the other, or they must be both broken ond 
worn off: but neither can happen without motion, nor can 
motion he produced without a force impressed. Hence the 
force applied to move the body is either wholly or partly 
spent on this effect; and consequently there arises a re¬ 
sistance, or friction, which will be greater os the eminen¬ 
ces are greater, and the substance the harder; and as the 
body, by continual rubbing, becomes more, and more po- 
lished, the friction if^ consequence diminishes. 

As the friction is less in a body that rolls, than when 
it slides, hence in machines, test the friction should em¬ 
ploy a great part of the power, care is to be taken that no 
part of the machine slidealong another, if it can be avoided; 
but rather that they roll, or turn upon each other> or at 
least slide as little us possible. With this view it may be 
proper to lay the axes of cylinders, not in a groove or con¬ 
cave matrix; as usuat> but between two checks forming aa 


angle, or on an horizontal support and between two upright 
pins; or best of all between little wheels, culled iriciiou 
wheels, moveable on (heir respective axes: for by tbUcon- * 
trivance, the friction is transferred from the circumfe¬ 
rence of those wheels to their pivots, and is so much lew 
as these arc smaller. In like manner the attrition or 
sistance may be still farther diminislia^J, by making tlie ax¬ 
is of those wheels icst upon other friction wheels that turn 
round with them. I'nis was long since recommended by 
P. Casabus; and experience confirms the truth of it. Hence 
ajso it is, that a pulley moveable on its axis resists less 
than if it were fixed, and the cord sliding over thccircuni- 
fcrencc. And the same may be observed of the wheels of 
coaches, and other carriages. Indeed about 40 years ago' 
friction balls or rollers were placed within the naves of 
carriage-wheels by some persons, particularly a Mr. Varlo; 
and lately Mr. Garnett had a patent for an improved man¬ 
ner of applying friction wheels to any axis, os of carriages^ 
blocks or pulleys, scale beams, &c, in which the inclosed 
wheels or rollers arc kept always at tbc same distaace by 
connecting rods or bars. . 

From these principles, with the assistance of the higher 
geometry, Glaus Rocmer determined the*figure of the 
tocih c>f w heels, ihut should make the least resistance pos¬ 
sible, which he found should be epicycloids. And the same 
was afterwards demonstrated by Lahire, and Camus. 

M. Amontons by experiment attempted to settle a 
foundation for the precise calculation of the quantity of 
friction; which M. Parent endeavoured to confirm from 
reasoning and geometry. Amontons' principle is, that the 
friction of two bodies depends only on the weight or force 
with which they press each other, being always more or 
k^ss in proportion to that pressure; esteeming it a vulgar 
error, ifiat the quantity of friction has any dependence on 
the t^xtent of the surface that is rubbed, or that the fric¬ 
tion increases with the surface; arguing that it will re¬ 
quire the same weight to draw along upon a plane, a piwe 
of wood on its narrow edge, as on its broad and Hat aide; 
because, though on the broad side there be 4 time^henum- 
her of touching particles, yet each particle is prmed with 
but 7 of the weight bearing on those of the narrow side; 
and since 4 times the number multiplied by ^ of the weight 
is equal to | of the number multiplied by 4 times the 
weight, it is plain that the effect, that is, the resistance, 
is equal in both cases, and therefore requires the same 
force to overcome it. ^ 

On the first proposal of this paradox, M. LqMA very 
properly hod recourse to experiments, as the best test, had 
they been judiciously performed: such os they were, how¬ 
ever, they succeeded in favour of this system. He laid 
several pieces of unpolislied wood on a rough table^ whose 
sizes were unequal; and nficrwards placed weights on them, 
so as (o render them all equally heavy: and he found that 
the same precise force, or weight, applied to them by a 
small pulley, was required topu^eai^ in motion, not¬ 
withstanding the inequality of the surfaces. The experi¬ 
ment succeeded in the same manner with pieces of marble, 
on a marble table. After this, by rensontng, M. Lahire 
gave a physical solution of the effect. And M. Amontons 
settled a calculus of Ibe value of friction, with the low sus¬ 
tained by it in machines, on the foundation ofthis new 
principle. In wood, iron, lead, and brass, which are the 
chief materials used in machines, he makes the resistance 
caused by friction to be nearly thosame in all,when those 
materials are anointed with oil ox fat: and the quantity of 
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this resistance, iinlependcnt of the magnitudo of the sur* 
face, he finds nearly equal to a third part oi the weight of 
the body moved, or of the force with which the two bodies 
are pri.*sscd togoihcr. Others have as»crti‘d that if the sur* 
faces be hard and well polished, the friction will be le»s 
than a third pun of the weight; but if the parts be bofc or 
rugged, it will be much greater, it was farther observed, 
that in the cylinder moved on two small gudgeons, or on 
a small axis, the friction would be diminished in the same 
proportion as the diameter of these gudgeons is less than the 
diameter of the cylinder; because in tins case, the parts 
on which the cylinder moves and rubs, will have loss velo¬ 
city than the power which moves it in the same propor¬ 
tion, which is in cfTect making the friction to be propor¬ 
tional to the velocity. So that, from the whole of their 
observations, this genera) proposition is deduced, viz, That 
the resistances arising from friction, arc to each other in 
a ratio compounded of the pressures of Uic rubbing parts, 
and the velocities of their motions, l^rinciples which, it 
is now known from better experiments, ar<* both erroneous; 
notwithstanding (he bypothe-sU of M. Amontons has been 
adopted, and attempted to be confirmed by Camus, Desa- 
guliers, and others. 

AI. Mu»clienbrock and the abb6 Nollct, however, on the 
other hand, have concluded from experiments, that the 
friction of bodies depends on the magnitude of their sur¬ 
face, as well as on their weight. Though the former ob¬ 
serves, that in small velocities the friction varies very 
nearly as the velocity, but that in gr^ut velocities tliepropor- 
tioD increases faster : he tias also attempted to prove, that 
by augmenting the weight of u body, the friction docs not 
always increase exactly in tlie same ratio. Introd. ad Phil. 
Nat. vol. I,c.9f l^ci; Phys.Exp. ibin. J,p.241. Hel- 
sham and Ferguson, from the same kind of experiments, 
have end«^vuure<i to prove, that (be friction docs not vary 
by changing the quantity of surface on wliich the body 
moves; and thelK(terot these asserts, that the friction in¬ 
creases very nearly as the velocity; and (hat by increas* 
ing the wviglii, the friction is also increased in the some 
ratio* Indeed there is scarce any subject of experiment, 
with regard to which, tiiffereiu person> have formed such 
various con^i^ions* Of those who have written on the 
theory, no has established it altogether on true prin¬ 
ciples, till the experiments lately madt; by Mr. Profwsor 
Vince of Cambridge: Euler, whose theory is^cxtrcmcly 
elegant, and would have been quite satisfactory had hii 
princiidf'S bcHMi founded on good experiments, supposes the 
friction to vary in proportion to the velocity of the body, 
and its pressure upon the plane; neither of which is true: 
and olhen, though they have justly imagined that friction 
is a uniformly retarding force, have yet retained the other 
supposition, and so rMidcred their solutions not at all ap¬ 
plicable to the cast's for which they were intended. 

.For these reasons a new and ingenious set of experiments 
was successfully iosiituted by the Uev. Mr.Vinco, Plumtan 
Professor of Astronomy and Experimental Philosophy in 
the university of Cambridge, which are published in the 
7£tb voU of the Philos. Tran^. p. ]6d. The object of Uiesc 
experiments was to determine ,* Int, Whether friction be a 
uoifortnly retarding force.—2d, fbe quantity of friction. 
^3d|'Whether friction vari(^-in [iroportion to the pressure 
or weigiit.—4ll), Whether the friction be the sainCj on 
wbicbever of its surfaces a body moves. 

The professor says, ** The Experiments were made with 
Ibe utmost care and attentioDf and the several raulb 
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agreed so vrry txncily "*th <Mcli other, (lint 1 do md 
scruple to premounce them to be conclusive.*'—“ A phiiic 
was adjubt<*<l paiallcl lo riie horizon, ut the cMrcnniy <>( 
which SMI*) |ihicit<i it pulK), xvhicii could be eloatetl or 
depr<*ssed in ui’dtT to r<*rnler tlje siring uhich connccicd 
the body and (he niu^Mig torcc paraUcI (o the plane or 
horizon. A sculc accuriUi ly dnided is us placed by the 
side of the pulley perpendicuhir .(o (he liorizon, by tiic 
side of winch tiie moving force di'scciulcd; on the scale 
nho ivas placed a moveable s(age, mIucI) could be ad¬ 
justed to (lie space through which (he moving force de¬ 
scended in any given time, w hich time was measured by a 
well regulated pendulum clock vibrating Hxonds. Liery 
thing being thus prepared, the following experiments were 
made to ascer(uin the law of friction. Uut let me first 
observe, that if friction he a uniform force, the ditterence 
between it and the given force of the moving pow er must be 
also uniform, aiul therefore the moving body must descend 
with a uniformly accelerated velocity,and consequently the 
spaces described from the beginning of the motion must be 
os the squares of the times. Just as w hen there was no fric*; 
tioD, only they will be diminished on acetiunt of the fric¬ 
tion.^' Accordingly the experiments arc then related, which 
arc performed agreeably to these ideas, and from (hem are 
deduced these general conclusions, whicli may ho consi¬ 
dered as established and certain facts or maxims, viz, 

1st, That friction is u uniformly retarding force in hard 
bodies; and is not subject to alteration by tbc velocity; 
c.NCcpt when the body is covered ivitli cloth, woollen, 4S:c, 
in which ease the friction increases a little with the velociiy. 

2dly, Friction incrcnsi^ inalcsd ratio than (he quantity 
of matter, or weight of the body. 'Hus increase however 
is difl'erent for the dificrent bodies, mure or less ; nor is it 
yet sufficiently known, for any one body, whut pioportion 
the increase of frictiou bears to the increase of weight. 

^dly, The smallest surface has the least friction; the 
weight being the same. But the ratio of the friction to the 
surface is nut yet accurately known. 

It is observed, that the professor’s experiments con¬ 
sisted in determining how fur the sliding bodies w ould be 
drawn, in given times, by a weight longing frifely over a 
pulley. This method would both show Iiim if the friction 
were u constant retarding force, and the other conclusions 
above staled. For, as tlic spac<^ dcscriUd by uny con¬ 
stant forcc,ia given limes, arc as the squares ol the times'; 
and as the weight drawing the body is u constant force, if 
iho friction, which acts in opposition to the weight, should 
also be a constant force, (hen (heir diflorcnce,or the force 
by which the body is urged, will ul^o he constant, in which 
case the spaces described ought (o be as the b^uitrcsof the 
times; which happened accordingly in the experiments. 

. Mr. Vince adds some rcmaiks likewise on the nature 
of the experiments which have bc^n made by others. 
.l*hcsc, ho observes, tbc authors have instituted, to find 
what moving force would just put a body at rest, in mo¬ 
tion : and they concluded from (hence, that the accelera¬ 
tive force was (ben equal to the friction; but it is muni- 
fest, (bat any force which will put a body in motion must 
be greater than the force which opposes its motion, other* 
wise it could not overcome tt; and hence, if there were no 
other objection than this, it is evident that (he friction 
could not be very accurately obiaiucd; but there is an¬ 
other objection, which totally destroys theexpcrimcu(,so 
far as it lends to show ibc quontily of friction, which is, 
tbc strong cohesion of (he body to the plane when it lies 
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at rest." Thi< be confirms by several experiments, and 
then adds, “ From these experiments therefore it appears, 
how very considerable the cohesion was, in proportion to 
the friction wlun the body was in motion: it being, in 
one ease almost and in nnolher it was found to be very 
nearly equal to the wliolc iVictioii. All the conclusions 
therefore de«luccd from the experiments, which have bc<.‘n 
instituted to<letermine the Irictioti from the force necessary 
to put a body in motion (and I have neser seen any de¬ 
scribed but upon such a principle) have manilestly been" 
totally false; as such experiments only show the resistance 
which arises from the cohesion and friction conjointly.'' 
Philos. Trans, vol. 75, pa. 165. 

Emerson, in )iis Principles of Mechanics, deduces from 
experiments the following remarks relating to the quantity 
of friction : When a cubic piece of soft wood, of 8 pounds 
weight, moves upon a smooth plane of soft wood, at the 
rate of 3 feet per second, its friction is about \ of the 
weight; but if the [ilanc be rough, the friction is little 
less than half the vveight: on the same supposition, when 
both the piccas of wood are very smooth, the friction is 
about ^ of the weight: the friction of soft wood on hard, 
or of hard wood upon soft, is ^ or ^ of the. weight; of hard 
wood upon hard wood, y or ^ ; of polished steel moving 
on steel or pewter, J; moving on copper or lead, ^ of the 
weight. Ho observes in general, that metals of the same 
kind have more friction than those of different kinds; that 
lead makes much resistance; that iron or steel rnnning in 
brass makes the least friction of any; and that metals 
oiled make the friction less than when polished, and twice 
as little as when unpolished. Dcsngulicrs also observes 
that, in M. Camus's experiments on small models of 
sledges in actual motion, there arc more eases in which 
the friction is less than where it is more than ^ of the 
weight. See a table, exhibiting the friction between va¬ 
rious substances, formed from his c.xpcrimcnts in Desng. 
Exp. Philos, vol. I, pa. 1.93 &c; also pa. 133 to 138,and 
pa. 182 to 254, and pn. 458 to 460. On the subject of 
frictiiin, see scveial vols. of the Philos. Trans, as sol. I, 
pa. 206 ; vol. 34, pa. 77; vol. 37, pa. 394; vol. 53, 
pa. 139, &c. 

FUIDAY, the 6th day of il>e week, so called from Friga, 
or Friya, a goddess worshipped by the Saxons on this day. 
It is a fast-day in the church of England, in memory of our 
Saviour’s crucifixion, unless Christmas-day happen to fall 
on Friday, which is always n festival. 

Good FniDAY, the Friday nc.xl before Easter, repre¬ 
senting the day of our Saviour’s crucifixion. 

FRIGID Zone, the space about either pole of the earth 
to which thi sun never rises for one whole day at least in 
their winter. Tliesc two zones extend to about 2Si de¬ 
grees everyway from the pole considered as their centre. 

FUIGORIFIC, in Physics, something belonging to, or 
that occasions cold.—Some philosophers, as Gassendus, 
and other corpiisculnrians, denying cold to boa mere pri¬ 
vation, or absence of heal, contend that there am actual 
frigorific corpuscles or particles, as well as -fiery ones: 
whence proceed cold and heat. But later philosophere 
allow of no other frigorific particles beside those nitrous 
salts, &c, which float in the air in cold weather^ and oc¬ 
casion freezing. 

FRISI, or FIIISIUS (Gemma), appears to have hcen a 
native of the Flemish Netherlands, and flourished the 
beginning of the l6th century. As Werner bad proposed 
. to find the longitude by observations on the moon; so 
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Gemma Frisi, in a tract entitled, De Principiis Astrono- 
mia: et Cosmograplii®, printed at Antwerp 1530, advised 
keeping the lime by means of small clocks or watches, for 
the purpose, then, as he says, lately invented. He also 
contrived a new kind of cross-sUft', described in his trea¬ 
tise De Radio Astrono'raico et Geometrico, printed at the 
same place 1545, and in his additions to Peter Apian’s 
Cosmography, gives the figure of an instrument, be calls a 
nautical quadrant, as very useful in navigation, promising 
u> write largely on the subject; accordingly, in an edition 
he made in the year 1553, of his above-mentioned book, 
De Principiis A^tronomite, &c, he delivers several nauti¬ 
cal a.xioros, as he calls ihcni^which with some alterations 
were repealed by his son Cornelius Gemma, in the father's 
posthumous piece on the Universal AstrolalMr, published in 
1556.—Gemma Frisi died in 1555, at 45 years of age. 

FRIZE, Frieze, or Freeze, in Architecture, a part 
of the entablature of columns, between the architrave and 
cornice. 

FRONT, in Architecture, denotes the principal face or 
side of a building; or that presented to their chief aspect 
or view. 

Front, in Perspective, a projection or representation 
of the face, or forepart of an object, or of that part di¬ 
rectly opposite to the eye, called also more usuiilly Or¬ 
thography. 

FRONTISPIECE, in Architecture, the purtalc,or prin¬ 
cipal face of a fine building, 

FRONTON, in Architecture, an ornament among us 
more usually called Peuimcnt. 

FROST, such a state of the atmosphere as causes the 
congelation or freezing of water, or other iluids into ice. 

The nature amt cfTccU of frost in dificrent countries, arc 
mentioned undcrthcarticlcsCoHOELATiOM,andFREEZiNG. 
In the more northern parts of the world, even solid bodies 
arc afiected by frost, though this is only or chictly in con¬ 
sequence of the moisture they contain, which being frozen 
into ice, and so expanding as water is known to do when 
congealed, it bursts and lacerates any thing in which it is 
contained, os plants, trees, .stones, and large rocks. Some 
fluids expand by frost, as water, which expands about 
part of its naturol bulk, for which reason ice floats in 
water; but othcra again contract, as quicksflver, and hence 
frozen quicksilver sinks in the fluid metal. 

Frost, bbing derived from the atmosphere, naturally 
proceeds from the upper parts of bodies downwards, as the 
water and the earth: so, the longer a frost is continued, 
the thicker the ice becomes upon the water in ponds, and 
the deeper into the earth the ground is frozen. In about 
]6 or 17 days frost, Mr. Boyle found it had penetrated 14 
inches into the ground. At Moscow, in a hard season, 
the frost will penetrate 2 feet deep in the ground; and 
Capt. Juroca found it penetrated 10 feet deep in Charlton* 
island, and the water in the same island was frozen to ^ho 
depth ufGfeet. Schefler assures us, thnt in Sweden the 
frost pierces 2 cubits, or Swedish ells, into the earth, and 
turns what moisture is found there into a whitish substance, 
like ice; and standing waters to 3 ells, or more. The same 
author also mentiora sudden cracks or rifu in the ice of 
th^ lakes of Sweden, 9 or 10 feet deep, and many leagues 
long: the rupture being accompanied with a noise not loss 
loud than if many guus were discharged together. By 
such means, however, the fishes arc furnished with air; so 
that they arc rarely found*dead. 

The several natural histories uf frosts furnish very ex- 
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iraordinary efll-cls of Hicm, The trees ore often scorched, 
and burnt up, as. with the most excessive heal; and split 
or shattered. In the great frost in l6S3, the trunks of oak, 
ash, walnut,&c, wore miserably split and cleft, so that they 
might be seen through, and the cracks often attended with 
drbidful noises like the e.xplosion of fire-arms. Philos. 
Trans. No. 105. 

The close of the year 170S, and the beginning of 1709, 
were remarkable, through the greatest part of Rurope, lor 
a severe frost. Dr. Dcriiam says, it was the greati-st in 
degree, if not the most universal, in the memory of man; 
c.stcftdmg through most parts of iiurope, though scarcely 
felt in Scotland or Ireland. 

In very cold countries, meat may be presrrs’ed by the 
frost 6 OT 7 months, and prove tolerably good eating. See 
Capt. .Middletotj's observations made in Hudson’s-bay, in 
the Philos. Irans. No. 465, sect. 2. In that climate the 
frost seems never out of the gnmnd, it having been found 
hard frozen in ilm two summer months. Brandy and 
spirit of wine, placed in the open air, congeal to solid ice 
in 3 or 4 hours. Lakes and standing watci-s, not above 10 
or 12 feel deep, are frozen to the ground in winter, and all 
their fish perish. But in rivers, where the current of the 
tide is strong, the ice docs not reach so dwp, and the fish 
are prcservwl. Id. ib. Some remarkable instances of frost 
in Europe, uyd chielly in England, are recorded as below: 
In (he year 

220, Frost in Britain that lusted 5 months. 

250, The Thames ffozen 9 weeks. 

291, lilost rivers in Britain frozen 6 weeks. 

359, Severe frost in Scotland for 14 weeks. 

508, The rivers in Britain frozen for 2 months. 

558, The Danube quite frozen over. 

695, Thames frozen 6 weeks; booths built on it. 

759, Frosl from Oct. 1 til] Feb. 26, 760. 

827, Frost in England for 9 weeks. 

8.59, Carriages used on the Adriatic sea. 

9O8, Most rivers in England frozen 2 months. 

923, The Thames frozen 13 weeks. 

987, Frost lasted 120 days: began Dee. 22. 

998, The Thames frozen 5 weeks. 

1035, Severe frost on Jane 24: the corn and fruits de¬ 
stroyed. 

1063, The Thames frozen 14 weeks. 
l(l/6. Frost in England from Nov. till April, 

1114, Several wooden bridges carried away by ice. 

1205, Frost from Jan. 14 till March 22. 

1407, Frost that lasted 13 weeks. 

1434, From Nov. 24 till Feb. 10. Thaofes frozen down 
to Gravesend. 

1683, Frost for 13 weeks. 

1705, Severe frost for many weeks* 

1715, The same for many weeks. 

I739» One for 9 weeks. Began Dec. 24, 

' 1742, Severe frost for many weeks. 

1747, Severe frost in Russia. 

J754, Severe one in England. 

17^0, The same in Germany. 

1776; The same in England. 

1788, Thamm frozen below bridge; booths on it. 

179*> Hard frost of many weeks. 

1813, Severe frost from the middle of December to the 
middle of March 1814. The Thames • from 
Blackfriars to London bridge, completely frozen 
over, booths and thousands of people upon it. 


//ij«r 1- ROST, is the dew frozen or congc.iled, early in cold 
moraitig>; chielly in autumn: though many Ca^u•^ians 
will have it lornied ol a cloud ; and either congealed in the 
cloud, and so let full; or readx to be Congealed us soon as 
it arrives at the eatih. 

Ihis kind of frost, M. llr>;is observes, consists of an as¬ 
semblage of small parcels of ice crystals; which arc of 
various figures, according to tiie ditVercnt disposition of the 
vapours, when met and condensed by the coM. 

FRUSl’UM, inGeometry, is the [lart of a solnl next the 
base, left by cutting off the top, or segment, by a plane pa¬ 
rallel to the base: as the frustum of a pynimiJ.of a cone, 
ot a conoid, of a spheroid, or of a sphere, which is any part 
coiiipri'cd between two parallel circular sections ; and the 
midille fruxium of a s)>heio, is that whose ends are iqual 
circles, having the centre ot the sphere in the middle of it, 
and equally distant from both ends. 

iu>r thcStlid Content of the I'ntstum of a cone, or qf any 
pyramid, uhat^er fttpire the bu^e may have. Add into one 
sum, the areas of tlie two ends and the mean proportional 
between them ; (hen I of that sum will be a mean area, or 
the area of an equal prism, of the same altitude with the 
frustum ; and consequently that mean area being multi¬ 
plied by the height of the frustum, the product will be the 
solid content of it. 

'J’liat is, if A denote the area of the greater end, 
a that of the less, and h the height; 
then (.1 rt •+• y/na) x is the solidity. 

Other rules for pyramidal or conic frustums may be seen 
in my Mensuration, part 3. 

The curve Surface of the Zone or Frustum of a sphere, is 
had by multiplying the circumference of the sphere by ilio 
height of the frustum. Meiisur. pa. 146'. 

And the Solidity of the same Frustum is found, by addin<v 
together the squares of ihe-rudii of the two ends, and of 
the square of the height of the frustum, then multiplying 
the sum by tjie said height and by the number 1*5708. 
That is (a* -t- r* s- ^h*) x Iph is the solid content of the 
spheric frustum, whose height is h, and the radii of its ends 
n and r,p being = 3*1416. Mensur. pa. 152. 

For the frustums of spheroids, and conoids, cither para¬ 
bolic or hyperbolic, sec Mensur. part 3. sect. 5, 6, 7. And 
in pa. 352, arc general theorems concerning the frus¬ 
tum of u sphere, cone, spheroid, or conoid, terminated by 
parallel planes, when compared with a cylinder of the 
some altitude, on a base equal to the middle section of the 
frustum made by a parallel plane. The difference be¬ 
tween the frustum and the cylinder is always the same 
quantity, in different pans of the same, or of similar so¬ 
lids, or whatever the magnitude of the two parallel endd 
may be; the inclination of those ends to the axis, and tho 
altitude of the frustum being given; and the said constant 
difference is part of a cone of the same altitude with tho 
frustum, and the radius of its base is to that altitude, as 
the fi.xcd axis is to the revolving axis of the frustum. Thus, 
if B£C be any conic section, ora 
right line, or a circle, whose axis, 
or a part of it, is ad ; ab and co 
the extreme ordinates, fe the mid¬ 
dle ordinate, AP being = PD; then 
taking, as au to dk, so is the whole 
fixed axis, of which ad is a part, to its conjugate axis; 
and completing the parallelogreiD agud: then if the 
whole figure revolve about the axis AD, the line bec will 
gescratc the frustum of the cone or conoid,according as it 
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I' a right line or a conic M-ition, or it generate the 
whole soli<l when Alt vnni.sh<‘s, or A and u meet in the 
*iiine point; likewise ac. tin will generate a cylinder, and 
ADK a cone; then is the 4lh pail of tliis cone always equal 
to the ditrermee hetweeii the said cylinder gi’lierated by 
AGii u, and the solid nr Trust uni generated by ah ecu ; hav- 
inu all the same altitude or axis ad. 

In the parabolic conoid, this diflercnce and the cone va¬ 
nish, and the iVustum, or whole conoid abecd, is always 
I'qiial to the cylinder ag n d, ot the same altitude. — In the 
sphere, or spheroiil, the frustiun a r. p.cd is less than the cy¬ 
linder A GUI), by i of the cone ak u.— And, in the cone or 
hyperboloid, that frustum is gretinr than the cylinder, by 
i of tlie said cone aki), which is similar to the other 
cotie IBCn. 

'i'hesc relations arc likewise true, whether the ends of the 
frustum are perpendicular or oblique to the axis. And 
the same will obtain for the frustum of any pyramid, whe¬ 
ther right or oblique; and such a frUstum of a pyramid 
will exceed llic prism, of llie same altitude, and on the 
niidille section of the frustum, by i of the same cone. 

It lias been observed, that the dillcrcnco, or } of the cone 
A K I), is the sain*', «ir constant, w hen the altitude and in- 
c lination of the ends of the frustum remain the same. But 
when the inclination of the ends varies, the altitude being 
constant; then the said clifTerence varies so as to be always 
reciprocally as the cube of tlie conjugate to the diameter 
AD. And wlieii both the altitude and inclination of the 
ends vary, the diflerenlial colic is ns the cube of the alti¬ 
tude ilirectly, and the cube of the said conjugate diameter 
reciprocally ; but if they vary so, as that the altitude is al¬ 
ways reciprocally as that diameter, then the dificrence is a 
C(^nstiint quantity. 

Another general theorem for Friislunis, is this. In the 
frustum of any solid, generated by the revolution of any 
conic section about its axi-, if to the sum of the two ends 
be added 4- times the middle section, of the last sura will 
be a mean area, which being drawn into the altitude of the 
solid, will produce the content. That is (An DC -i- 
4i'b) K ^ A D is the conb-nt of a ncii.— And this theorem 
is general for all frusiuiiis, tis well as the complete solids, 
whether right or oblique to the axis, and not only of the 
solids generated from the circle or cunic sections, but also 
of all pyramids, coni*s, an<l in short of any solid whose pa¬ 
rallel sections are similar figures.—‘I bc same theorem lUso 
obtains for any parabolic area adecd, and is very nearly 
true for the area of any otlier curve whatever, or for the 
content of any other solid than Uiose above mentioned. 

FUGUE, in music, is when the ditfvrcnt parts of a mu¬ 
sical composition follow each other, each repeating in order 
what the first had performed. 

FULCRUM, or Prop, in Mechanics, is the fixed point 
about which a lever &c moves. 

FULGURA'I'INO Photphorus, a term used by some 
English writers, to express a substance of the phosphorus 
kind. It was prepared both in a dry and liquid state, but 
the preparation it appears was not well known to any but 
the inventor of it. 'i'bis matter not only shone in the dark 
ill both states, but communicated its light to an^^ing it 
was rubbed on. Whcji inclosed in '.n glass vx^ssel well 
stopped, it would frequently fulgurate, or throw out little 
Hashes of light, and Suinetimcs fill the whole phial with, 
waves of flame. It dues not require having its light re¬ 
cruited at the firci or in the sunshine, like the phosphorus 
of (Ik: ^lognian stone, but of itself continues, in a state of 


shining for several years together, and is seen as soon as 
exposed in the dark ; the solid or dry matter always resem¬ 
bling a burning coal of fire, though not consutning itself. 
Philos. Trans. No. 134. 

FULIGINOUS, an epithet applied to thick smoke or 
vapour replete with sool or other crass matter.—In the 
first fusion of lead, there exhales a great deal of fuliginous 
vapour, which being retained and collected, makes what 
is called Litharge. And lampblack is what is gathered 
from the fuliginous vapours of pines, and other resinous 
wood, when burnt. 

FULMINANT, Fulminans, or Fvlbiinatikg, a 
term applied to any thing thundering, or that makes a 
noise like thunder. 

Fulmixaxs. SccAurum. 

Pulvis Fulmin ANs.is a composition of 3 parts of nitre, 

*2 parts of salt of tartar, and 1 of sulphur.—Both the au- 
rum and pulvis fulmiiinni* produce their effect chiefly down¬ 
wards; in which they ilitler from gun-powder, which acts 
in «>rbcm, or all around, but principally upwards. When 
the composition is laid in brass ladles, and so set on fire, 
after fulmination, the ladles arc often found perforated. 

It differs also from gunpowder in this, that it does not re¬ 
quire to be confiiii d, in order to fulminate, and it must be 
slowly and gradually heated. Some instants before explo¬ 
sion, a light blue Hame appears on its surfacii, proceeding 
from the vapours begintiing to kindle. No more fire or 
flame is perceived during the fulmination, being suffocated 
and extiimuished by the quickness alW violence of the com¬ 
motion. '^Nor does the fulminating powder generally kin- 
*llo the combustible bodies in contact with it, because the 
time of its inflammation is too short. 

F’ulminativg Damp, Sec Damp. 

FULMINATION, or Folouration, a vehement noise 
or shock resembling thunder, caused by the sudden explo¬ 
sion and inflamroaiion of divers preparations; as aurum 
fulminans, &:c, when set on fire. 

FUNCTION, a term used in analytics, fot an algebmi- 
cal cxprcssi*in any how corapoumlcd of a certain letter or 
quantity with other quantities or numbers: and the ex¬ 
pression is said to be a function of that letter or quan^ty. 
Thus a — 4ar, or ax •+■ Sx’, or fix — (a* — x*), or x*, 

or c", is cacli of them a function of the quantity x. 

Functions qf Calculus, is that branch of analysis which 

treats of tliQidoctrine of functions. 

Londeii, we believe, was tlie first who proposed to treat 
the method of fluxions as a branch of pure algebra, inde¬ 
pendently of any metaphysical considerations, or ot such 
as arc drawn from the principles of motion. Soon after 
him, M. Lagrange endeavoured to Miablisb the analytical 
principles in a memoir published in the,Berlin Acto for 
the year 1779: and a farther devclopcnu-nt of his ideas 
was presented in 1796, under the title ofThcoriedcs Fon^ 
tions Analyliques, a work in which iuisAhe objqcl of the 
author to fix the principles of the diflerenlial calculus, in¬ 
dependently of the coiisiileralion of infinitely small, or va¬ 
nishing quantities, of limits, or of flowing quuntitica. An¬ 
other work also by M. Lagrange, entitled U^ns surle 
Calcul des Fonctions, has since been published, winch is 
meant to verve as a commentary and supplement to the first 
part of the Theorio des Fonctions Analytiques, and ofli*re a 
emurse of analy.Ms on that branch of modern calculus which 
is commonly called Infinitesimal or TranscendentaL ana 
which,in the estimation of this very distinguished maihcroa- 
tician, is alone properly the calculus of functions. 



FUN 


[ 561 ] 


FUN 


Providcti that the olher quantities «i,b«hich it.sbF.Mcl 
^h of the imtun. of analyttc functions, ami ol part ol the remain constant: hence i> intrminced naturally, mil. r<- 
notation employed by this author. speetto functions, thcdistinction ol quantities into sariubie 

The earlier analysts (ssiyb Lagrange) have only employ- and ctmstanl quanliiu-s;. 

ed the word funciions to design thcdificrent powers ol the ordinary algebra, quantities arc simnlv di,tincui.lu d 

m sigiurtcalion imo known and unknown, and it is cu>t!!marv u/denoie 


to every quantity fonned in any niunner whatever from 
another quantity; and it is now generally adopted to de¬ 
note chat the value of a quantity depends, according to a 
given law, on one or many other given quanitties. 

Under tins point of view, algebra mnst be regarded as 


the former by the rirst letters of the alphabet, und the other 
by the latter. The application of algebra to tin* thi ory of 
curves first caused the distinction of the quantities which 
enter the equation of a curve into giv< n ones, such hs the 
axes, the parameters, &c, and iiidctcrminau^s, such as the 


j ^ . -. — «.xw, t.iv paiauiu4ci>, cxc, aim Jiidcicrminales, such as the 

the science of functions, and it is easy to perceive that the co-ordinates. Afterwards these quanliiics became viewed 
resojutlon nf _.L^ ... » ^jUrtllUll^-b ut.caint MiWCU 


resolution of equations consists, generally, in finding the 
^■alul*s of the unknown quantities in determinate functions 
of known quantities. 1'hcse functions represent, then, the 
diflerent o|>erations which must be performed on known 
quantities, to obtain the values of those which arc sought, 
and they are, properly, only the ultimate result of the 
calculation. 

‘‘ But, in algebra, we only consider the functions in as 
much as they result from arithmetical operations, genera- 


uridcr the more natural aspect of constant and variable 
quantities; and the consideration of functions leads us na¬ 
turally to regard the quantities which compose them undiT 
th'c same point of view. 

“ We call therefore, simply, a function of one or of seve¬ 
ral quantities, every cxpiession in which these quantities 
enter in any manner whatever, connected or not widi other 
quantities considered as having given and invariable values, 
while the quantities of the functions arc deemed capable 
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ized and transferred to the letters; while m the calculus of of receiving all possible values 
lunclions, properly speaking, we consider the functions “ We ordinarily dcsicn they 


. properly speaking........ 

which result from the algebraic operation of the devclope* 
nient in scries, when we attribute to one or to seveiul 
quantities of the function indeterminate augmentations. 

“ The devclopemcnt of functions, viewed in a general 
manner, gives rise to derivative functions of different orders; 


ordinarily design the variable parts of funcliotis 
by the final letters of the alphabet x, y, 6iC ; and the con¬ 
stant parts by the initial letters a, b, c, &ic. And to denote 
a function of a single variable r, we merely place before 
that quantity the characteristic letter/or f ; but when we 
would design the function of a quantity already composed 


«n.i f.L r ■ --."WUIU ucsigii uie lunciion OI a quantity already composed 

^id thealgori hm oflhe^funciions once discovered, they of that variable, as x* or « ^ bs, Ac. we include tl.is 

sS» whence ‘re a parenthesis. Thu,/x indicates'a function ot 

ren«JZl «, n ® function being x, /(x’), /(a -h ix), Ac, denote functions of x* and o! 

r<.gardcd as primitive, we may deduce, by simple and uni- a ^ bi. 

^ function of two independent variables as 

wt have un equation between several variables, we may x, y, we wrile/(x, y), and so of otheii 

pas* successively to the derivative equations, and return “ If two functions of two different variables, x v that 

fWmaUonT coJrlnond?"!"!!"*''*' of x. the other ofy, are compos^h*.. 

but in the diflerentiations and integrations; same manner, and with the same constant quantities ; these 

rat onVnorefo e? f functmns they depend alone on ope- functions will be similar, and may be designed in thesamo 
J"*^‘/“‘Scbruical, founded on the simple principles invcstigutioii by the same characteristic. ihu$/x, and /y, 

<*rp. _ I similar TunctioDS which become identical when 

1, ‘f* while thc two functions are Composed in 

when we coruidcr are«, tangents, radii ofeurva- the same roannerr the constant quuniities which they con- 
turo, Ac; and in mechanics, when we consider velocities tain arc different, then we can no longer, generally speak- 
n.n^* for example, thc area of a curve iiig, represent them by the same characteristic in tlio course 

dtr^vnt! V !■ ordinate is then the fimt of the same calculauon. Still, however, if thc two func- 

oJd ’ ‘°‘k: ‘he relation of thc tions differ only, for example, by thc value of a constant 

rioZ f . »• expressed by the pnmefunc- quantity, which will be a in the one, ond b in the other, 

derl«Ii f consequence by thc second we may yet design them by the same characteristic, repre- 

d'uTor ri./ oTr irt -“"i ^ * X functions 

dius of the osculatory circle depends on two pnroe den- of x, a, and ofy. b. Thus, in this ease, the quantities a 

vativc functions of the ordinate, and so of others. In like and b enter likewise into thc expression of th3 function- 

rime JhL'So^l"® T' ‘hey arc constant quantities in each function, 

.** P"*"® function, and ‘he acce- they may be regarded as variables from one function to ibe 

_ A I- l9 


leretmg force is the second function It is not perhaps 
one of the least advantages of the calculus of functions, that 
Jt furnishes for these dements of the geometry of curves^ 
end of mechanics^ expressions as simple and intelligible 

expressions of powers and roots* 
\ybcn we consider a function with respect to one of thc 

lftnfill<*a Urlii^k __I__ I . . . ^ 


other." 

For other particulars of thc notation of thc Calculus of 
Functions, and the doctrine itself, we must refer the reader to 
t^he works of Lagrange already named, where ho will find 
bis curiosity for such researches amply satisfied. On the 
subject of functions, their divisions, transformations, ex- 


.. .—.:-mvu uivisions, iransiormauoiis. ex 

quantities which compose it, we make our abstraction of plication by infinites, &c, see lUso Euler’s “ Analvs. In- 

niMaer‘1’n*f r h* ®“d consider it only as to the finitorum," c. 1, where this branch of analysis is likewise 

which that is to say, m fully treated. See also preface to Woodhouse’s Princl- 

Vs.? ^ ^ P’®* Analytical CalculeUoii, for many veT>- proper ro- 

Min^‘ whit. .V- ® “ considered as remaining thc marks on the Theorie dcs F^mcUons Aualytiqucs of M. 

fiainc, wane ibiB quantuy vance in any manner wbaeever> Legrangc* 
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FUNDAMENTAL, i^oiucihing that senes as a base or 
foundation for another. 

Fundamental^ in A fundamental sound is 

that n liicli forms the lowest note of the chord, and from 
which are <leduc<d the harinonical relations of the rest ; 
or It IS that which selves for a key to the tone. 

Fu N DAM ENTAL Chord, is that which consists of the 
three fundamental consonances, the 3d, the 5ih, and the 
8th, or their inversions. 

Fundamental Bash, is that formed by the fumla- 
mcntal notes of every perfect clmrd tliat constitutes the 
harmony of the piece; so that urnicr each chord it causes 
to be lieard, or un<lerstoud, the lundaincntal ^ound of that 
particular chord ; that is to say, the sound from which it 
IS derived by the rules of harmony. Whence we may see, 
that the fundununtal bass can have no other contexture 
than that of a regular an<l fundamental succession,, with¬ 
out wliicli the procedure of the upper parts would be illc* 
gitimatc. 

FUNICULAR Curve, the same as the Catenary; 

which SCO. 

Fun icui.au Polygon, is that formed by a chain 
bangius freely by its extrennitics. 

FURLONG, an English long*measure, containing 660 
feel, or 2C0 yards, or VO poles or perches, or the 8lh part 
of a mile. 

FURNITURE, in Dialling, certain additional points 
and lines drawn on a dial, by way ol ornaincnt: such as 
the signs of the zodiac, Icnglli of days, parallels of declina¬ 
tion, azimutijs, points of the compass, ineri<lians of chief 
cities, Habylonic, Jewish, br Italian hours, &c. 

FUSAROLE, in Architecture, o small round member 
cut in form of a collar, with oval brads, under the echinus, 
or quarter routnl, in the Doric, Ionic, and Composite ca¬ 
pitals. 

FUSEE, or Fusy, in Watch-work, is that part re¬ 
sembling a low cone with its sides a little sunk or concave, 
which is drawn by the spring, and about which the chain 
or string is wound. 

The spring of a watch is the first mover. It is roUctl 
up in a cylitulrical box, against which it acts, and causes 
to turn round in unbending itself. The chain, which at 
one end is wound about the lusee, anti at the other fast¬ 
ened to the spring-boK, disengages itself from ihc fusee in 
proportion ns the box is turned. And hence the motion 
of all ihe other parts of the spring-watch. / 'i'he effort or 
action of the spring is continually diminishing from first 
to last; and unless that inccjualily wore rectified, it would 
draw the chain willi more force, and wind a greater quan¬ 
tity of it on the box, at.one time than another; so that 
the movement would never keep equal time. To correct 
this irregularity of the spring, it was ver^ happily con¬ 
trived to have the spring applied to the arms of levers, 
which arc continually longer as the force of the spring is 
weaker: this foreign assistance, always increasing as it is 
must needed, maintains the action and effect of the spring 
in an e(|uulity. It is for this reason then that the fusex; 


is ma<lc tapering somewhat conically, its radius at every 
point of the axis answering to the corresponding strength 
of the spring. 

Now if the action of the spring diminished equally, as 
the parallels to the base of a triangle do ; the cone, which, 
is generated of u triangle, w'uuld be (he precise figure re«> 
quired for the fusee ; but it is certain that the weakening 
of the spring is not in that proportion ; and therefore ihc 
fusee sliould not be c^xactly conical; and in fact expe¬ 
rience shows that it shoulil be a little hollowed about the 
middtt, because the action of the Spring is not there bufii- 
cicntly tliminishcd of itself. 

Al. Varignon has investigated tli^^igurc of the fusee, 
or the nature of the curve by whose revolution about its 
axis, shall be produced the solid whose figure the fusee is 
to have, l liis curve, it may easily he shown, isan hyper¬ 
bola, whose asymptote is the axis of the fusee. Tiius,. 
let DFE be the curve of 
the fusee, itsaxis being 
ABC: let AD express 
the greatest strength of 
the spring when the 
watch is quite wound 
up, or when the spring 
acts at D, and do the least strength when the watch is 
clown, or when the spring acts air.; sons that rv. ; ad 
AD : BG, ornc x bg AD^; join do, producing it to 
meet the axis produced in c; then shall lit deiuitc the 
strength of the spring acting at the corrt'sponding point r 
fii the fusee; and the nature of it must be such that the 
rectangle ni x up be equal to a consiniu quantity, or 
iiF must be reciprocally as ni, or ni : no : : be : up; 
but because ^ i ad, hi, BCk, 

are directly proportional to - ca, cu, cb, 

therefore these arc nciprocnlly proper, to ad, iir, be; 
and consequently the curve dee is an hyperbola, whose 
centre is c, and asymptotes ac and kl : so that the figure 
of the fusee is the solid generated by an equilateral hyper¬ 
bola about its asymptote* See oUu Mnrtii/s Mathem. 
Instit. V0L2, pa.364. 

Fusee, Fuse, or Fuee, in Artillery, is a wooden tap* 
or lube used to set fire to the powder in a bomb-shells 
The bore of this tube is filled with a composition, of sul¬ 
phur 6nc part, saltpetn' 3 parts, and mealed powder 3, 4, 
or 5 parts. The tube is driven hard into tlie holo*tn the 
shell, having first cut it to the exact length, answering to 
the tiiqc of (ho intended flight of the shell, so that, the 
composition in the fuse catching fire by the discharge of 
the slicU from the mortar, it just burns down to its lower 
end, and so sets fire to the powder in the shell, thereby 
bursting it at thc moment when it arrives at the end of its 
range or flight. 

FUST, in Architecture, the shaft of a column, or that 
part comprehended between the base and the capital,, 
called also the Naked. 

FUZE, or Fu 2EE. Sec Fuseb. 
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^^ABIONS, iu ForlifKalioi], arc largo cylindrical bjis- 
kcbj open at both ends* made of ozicr twigs, of 3 or 
4 feel in diameter* and from 3 to 6' feet liigli. These, being 
filled with earth, arc sometimes used as merlons for the 
butteries, nnd sometimes as n parapet for the lines of ap* 
proacb, when the attacks are carried on through a stony 
or rocky ground, and to advance them with extraordinary 
vigour* They serve also to make lodgments in some 
posts, and to secure other places from tlie shot of the 
enemy; who, on their part, endeavour to burn and destroy 
the gabions, by throwanglightcd pitch-faggots among them* 

Gable, or CABLE-end, of a house, is the upright 
triangular end, from the cornice or eaves to the iop of its 
roof. 

GAGE, in Hydrostatics, Pneumatics, &c, is an instru¬ 
ment for ascertaining measures of various kinds. 

Gage of the Air^pump^ is adapted for showing the de¬ 
gree to which the air is rarefied, or the receiver is exhaust¬ 
ed, at any time by the air-pump* This is either the com¬ 
mon barometer-gage, botli long and short, or the pear- 
gage, which at fir^t was thought a grout improvement, but 
aftersvards it was discovered that its seeming accuracy 
was founded on a fallacy, which gave au erroneous indica¬ 
tion of exhaustion* $cc Ai^-pump. 

Gage qf the Baromeierf is a contrivance for estimating 
the exact degree of the rise and fall of the mercury in the 
Cube of (hat instrument* It is well known that while the 
mercury rises in the tube, it sinks in the cistern, and vice 
versa; and consequently, the divisions on the scale, fixed 
near the top of the tube, bad their distance from the sur¬ 
face of the mercury in the cistern always various; from 
which there must often happen errors in determining the 
height of the mercury in the tube. 1 o.remedy this incon¬ 
venience, a line is cut upon a round piece of ivory, which 
is fixed near the cistern: this line is accurately placed at 
a given disUtnee from the scale; for example, at 27 inches; 
and a small float of cork, with a cylindrical piece of ivory 
/^xed to its upper surface, on which a line is cut at tbc 
exact distance of 3 inches from the under side of the cork/ 
is left to play freely on the quicksilver, and the cylinder 
works in a groove made in the other piece. From this 
construction it appears, that if these marks ere made to 
coincide, by raising or lowering the screw which acts on 
the quicksilver, then the divisions on the scale will ex¬ 
press the true measure of the distance from the surface* 
Gage of the Condenser, is a glass lube of a particular 
couitruction, adaptetl to the condensing engine, and de¬ 
signed to show the exact density and quantity of the air 
contained at any lime in the condcnscT. See Dcsaguliers^s 
Kxper. Philos. voL3, pa*394.. ^ 

&o Gage, an instrument for sounding the J'eptlrof the 
sea. Several kinds of these have been invented, by Dr* 
Hales, Dt*. Desaguliers, and others. Formerly, the ma-^ 
chines for this purpose consisted of two bodies, the one 
specifically lighter, and the other specifically heavier, 
than the water, so joined together, that as soon as the 
heavy one came to the bottom, the lighter should get loose 
from it, and emerge; and tlic depth was to be estimated 
hy the iiiDC the Compound was in falling from the top to 
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the bottom of tlic water, togi tlur with the tinjc the lightiT 
body was inribing, reckoned fr<jin the di^appi aring of the 
nutchinc, till the cmergoni body was ijcn again. But no 
Certain conclusion could bcduwn Irum so precanuu^and 
incomplete an experiment- 

But liiat invented b) Drs. Hales and Hosagulivrs was 
ot u more e.vaci nature, depending on the pressure of the 
fluid ojjiy. Tor as the pn^ssure of fluids, in all directions, 
is the same at the same depth, a gage winch discovers 
what the pressure is at the bottom of the sea, will show 
what the true <lc pth of the sea is in that place, whether 
the lime of the machine s descent be longer or sbortcr. 

Dr. Hales, in his \\*gelable Statics, describes bis gage 
for estimating the pressures inadq in opaque vessels ; w here 
honey being poured over tlic surface of mercury in an 
open vessel, nsc*$ upon the surface of the mercury as it is 
pressed up into a lube whose loweroriticc is immersed into 
the honey and mercury, and whose top is hermetically 
scaled. Now, as by the procure, the air in the tube is 
condensed, and tbc mercury rfses, so the mercury comes 
down again when the pressure is taken otT, and would leave 
no murk of'thc height to which it bad risen ; but the 
honey (or treacle, which docs better) which is upon the 
mercury, sucking to the inside of the tube, leaves a mark, 
which shows the height to which it had risen, and conse¬ 
quently gives the quantity of pressure, and the height of 
the surface of the fluid. 

Desaguliers's addition to this machine, consisted in a 
contrivance to carry it down to tlic bottom of the sea by 
means of a heavy weight, which was immediately disen¬ 
gaged by striking the bottom, and the gage, made very 
light for the purpose, re-ascended to the top. 

Dr. Hales afterwards made more experiments of this 
kind, and proposed another sea gage for vast depths, 
which is described in the Philos* Trans- No. 405^ and is to 
this cflcct- Suppose a pretty long tube of copper or iron, 
close at the upper end, to be let down into the sea, to any 
depth, the water will rise in the lube to a height bearing 
a certoin proportion to the depth of the sea, to which the 
machine is sunk. And (his proportion is as follows: 33 
feet of scu water being nearly equal to the mean pressure 
of the atmosphere, therefore at S3 feet deep, the air in 
the tube will be compressed into half the length of (he 
tube, or the water will rise and fill one half of the tube ; 
in like manner, at 66 feet deep, the water wilt occupy } 
of the tube; at 99 deep it will fill ^ of tlie tube; at 
132 feet deep it will fill ^ of the tube ; and so on. Hence 
therefore, by knowing the height to which the water rises 
in (he tube, there will be known tbc conscqu6nt depth of 
the sea. 

But, in very great depths, the scale near the top of the 
tube would be so small, and the divisions so close, that 
there would be no accuracy in the experiment, unless the 
tube were of a very great lengthy and this again would 
render it both liable to be broken, and quite impractica¬ 
ble. To remedy this inconvenience, tbc Doctor made 
(he following contrivance: To the bottom of the tube be 
screwed a large hollow globe of copper, with u small ori¬ 
fice, or a short iiipc at bottom of the globe, to let in tbc 
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walor; by which means he had a very great quantity of 
nir, and the scale enlarged. See also DesaguU Exp. Phil. 
vol.2, pa. 22+ and 2+1. 

liucket Sea Gaol, is an instrument conirived also by 
Dr. Hales, to find the <liflerent degrees of cooInc'S and 
^.lllnes^ (il ihc sea, at different depths. 1'his gage consists 
of a cointnoii pail or backet, with two heads; each of 
whicli lias a round hole in the middle, about 4 inches in 
diameter, covered with scjuarc valves opening upward. 
Tliat these heads may both open and shut together, there 
IS a small iron rod, having one end fixed to the upper side 
of the lower valve, and the other end to the lower side of 
the upper valve: so that as the bucket descends with its 
sinking weight into the sea, both the valves may open by 
till' force of the wafer, which by that means has a free 
passage through the bucket. Ilut when the bucket is 
drawn up, then both the valves shut by the force of the 
water at the upper end of the bucket; and consequently 
the bucket will be hllod with the lowest sea water to which 
it hn^ <lescended, and immediately the mercurial thermo¬ 
meter, fixe<l within it, is examined, to see the degree of 
temperattire ; and the degree of saltness is afterwards as¬ 
certained at leisure. Philos. Trans. No. p, pa. 1+9, and 
No. 24, pa. +47. 

Lord f’liarlcs Cavendish adapted a thermometer for the 
temperature of (he sea water, at different depths. See 
Philos. I'rHtis, vol. 50, pa. 500, and Phipps’s V'oyage to> 
wards the North Pole, pa. 142, &c. 

AijueO'mercurial Gage, is the name of an apparatus 
contrived by Dr. Hates, and applied, in various forms, to 
the branches of trees, to determine the force with which 
tliey imbibe moisture. Vegetable Statics, vol. 1, eh. 2, 
pa. 84. 

SlidiHgG?iG^,a tool used by mathcmatical-instrunient- 
nmkors, for measuring and setting off distances; consisting 
of a bc-nm, tooth, sliding socket, and (he shoulder of the 
socket. 

Tide Gage, an Instrument used for determining the 
height of the titles, by Mr. Bnyly, in the course of a voy¬ 
age towards the south pole, &c, in the Resolution and Ad¬ 
venture, in the years 1772, 1773, 1774. and 1775. This 
instrument consisted of a glass tube, whose internal dia¬ 
meter was 7-10lh5 of an inch, lashed fast to a lO-foot fir 
rod, divided into feet, inches, and parts; the rod being 
fastened to a strong post fixed firm and upright in the 
water. At the lower end of the tube was an exceeding 
small aperture, through which the water was admitted. 
In consequence of 'this construction, the surface of the 
water in the tube was so little affected by the agitation of 
(he sea, that its height was not altered the 10th part of nn 
inch, when the swell of the sea was 2 feel; and Me. Bnyly 
was certain, that with this instrument he could discern a 
dificrcnce of the 10th of an inch in the height of the tide. 

IVater Gage. See Altitude, and HTOitoMETBii. 

Wind Gage, an instrument for measuring the force of 
the wind upon any given surface. Several of these gages 
are of former invention ; but there is one lately invented 
by Dr. Lind, which is described in the Philos. Trans, vol. 
6‘5. See several also under the article Anbuoueteh. 

GAGER. See Gauger. 

GAGING, See Gauging. 

galaxy, or MUhf-lVay, or Via Lactea, in Astronomy, 
that long, whitish, luminous track, which appears to en- 
compoM the heavens like a swutli, scarf, or girdle; and 
which is easily seen in a clear night, especially when the 


moon is not up. It is of a considerable, Iboogb unequal 
breadth ; being also in some parts double, but in others 
single. Thu galaxy passes through many of the constel¬ 
lations in its circuit found the heavens, and keeps its ex¬ 
act ]>iace or position with respect to them. 

There have been various strange and fabulous stories 
and opinions concerning the gala.xy. The ancient poets, 
and even some of the philosophers, speak ofit as the ro'bd 
or way by which the heroes went to heaven. But the 
Egyptians called it the Way of Strawy from the story of 
its rising from burning straw, thrown behind the goddess 
]>is in her fiiglitfroin the giantTyphon. While (hcGrceks, 
who affect to derive every thing in'ihe heavens from some 
of their own fables, have two origins for it; the one, that 
Juno, without perceiving it, accidentally gave suck to 
Mercury when an infant, but that as soon as she turned 
her eyes upon him, she forced him from her, and as the 
nipple was drawn from his mouth, Ihc milk strt'amed about 
for a moment and formed the galaxy. The other relates, 
that the infant Hercules being laid by the side of Juno 
when asleep, on wukingshegavc him the breast; butsoon 
por’t’viving who it was, she threw him from’her, and the 
heavens were marked by the wasted milk. 

Other philosophers however gave it a diflTcrent turn, and 
different origin.;, these esteemed it to be a tract of liquid 
fire, spread in this manner along the skies: and oifacn 
again, supposing a celestial region beyond all that was vi¬ 
sible, and imagining that fire, at some time let loose from 
thence, was to consume the world, made this a port of 
that celestial fire, and appealed to it os a presage of what 
would surely happen. This diffused brightness they con¬ 
sidered as a crack in the vault or wail of heaven, and fan¬ 
cied this a glimmering of the celestial fire through it, and 
that there required nothing more than the undoing of this 
crack by some accident in nature, or by the will of the 
gods, to make the whole frame start, and let out the fire 
of destruction. 

Aristotle makes the galaxy a kind of meteor, formed 
from a collection of vapours, drawn into that part by cer¬ 
tain large stars disposed in the region of the hraveais an¬ 
swering to it. Others, finding that the galaxy was per* 
ceived in most parts of the globe, that it always corre¬ 
sponded to the same fixed stars, and that it was situated 
fur above the highest planets, set Aristotle’s opinion aside, 
and placed the galaxy in the firmament or region of the 
fixed stars; tliencc concluding (hat it was nothing else but 
an assemblage ofan infinitc*numbcr of minute stars. And 
since the invention of telescopes, this opinion has been 
abundantly Confirmed. For, by directing a good telescope 
to any part of the milky way, w« perceive an innumerable 
multitude of very small stars, where before was only ob¬ 
served a confused whiteness, arising from the assemblage 
and union of their joint light; like as any thing powden^ 
with fine white powder, at a dffhtncc wo only observe the 
confused whiteness, but on c.XBmining it very near we 
perceive all the small particles of the powder separately; 
as Milton finely expresses it, 

** A broad and ample road, whose dust is gold, 

And pavement stars, as stars to thee appear, 

Seen in the galaxy, that milky way, 

Which nightly, as a circling zone thou scest 

‘ Powder’d with stars.” 

There arcoth6r similar appearances in the heavens; as 
the nvbulz, or nebulous stors, and certain whitish parts 
about the south pole, called Magellanic clouds, which are 
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ali of tlie. same nature, appearing to be vast clusters of 
lotall stars when viewed through a telescope, which are 
coo faint to affect the eye singly. 

M. Ic Monnicr however, not being able to discover more 
stars in this space, than in other parts of the heavens, dis¬ 
putes the opinion above recited, as to the reason of the 
whiteness, and supposes that this and the nebulous stars 
arc occasioned by some other kind of matter. Iiist. Asl. 
pa. 60. And Dr. Hcrschel has lately announced some¬ 
thing of a similar opinion. Sec Philos. Trans, vol. 81, or 
my Abridg. vuL 17, pa. IS. 

GALILLI (G.\lij.eo), a roost excellent philosopher, 
mathematician and astronomer, was born at Pisa in Italy, 
in 1564'. rrom his infancy he had a strung propensity to 
philosophy and mathematics, which he indulged with such 
success that in <592 he was chosen professor of inathc- 
niatics at Padua. While he was professor there, visiting 
Venice, then famous for the art of glass-making, lie heard 
that in llollaud a glass had been invented, through winch 
very distant objects were seen distinctly as if near at hand. 
This was sullicicnt for Galileo; his curiosity was raised, 
and his attention immediately engaged in considering 
what must be the form of such a glass, and the manner 
of making it. The result of his inquiry was the invention 
of the telescope, produced merely from this hint, without 
having seen the Dutch gloss. All the discoveries he made 
in astronomy were easy and natural consequences of this 
invention, which opening a way, till then unknown, into 
the heavens, thcncc brought to light the finest discoveries. 
One of the first of these, was that of 4 of Jupiter’s satel¬ 
lites, which bo called the Mcdiccan stars or planets, in 
honour of Cosmo the 2d, grand-duke of Tuscany, who 
was of that family. Cosmo sent for our astronomer from 
Padua, and made him professor of mathematics at Pisa in 
1611; and soon after inviting him to Florence, gave him 
the oflice and title of principal philosopher and mathema¬ 
tician to his highness. . 

Our author liad been but a few years at Florence, before 
the Inquisition began to be very troublesome conceriung his 
opinions. Having observed some solar spots in I6l2, lie 
printed that discovery the following year at Koine; in 
which, and in some other pieces, he ventured to assert 
the truth of tho Copernican system, and brought several 
new arguments to con6rm it. For these he was cited be¬ 
fore the Inquisition at Home, in i 615: after some months 
imprisonment, he was released, and sentence pronounced 
against him, that he should renounce bis heretical opinions, 
and not defend them by word or writing, or insinuate 
them into the minds of any persons. 'But having after¬ 
wards, in 1632, published at Florence bis Dialogues of 
the (wo Great Systems of the World, (he Ptolemaic and 
Copernican, be was again summoned before the boly-oflice, 
and committed to the prison of that ecclesiastical court at 
Rome. The inquisitoraconvened in June that year; and 
in bis presence pronounced sentence against him and his 
books, obliging him to abjure bis errors iu the most so¬ 
lemn maimer; committed him to the prison of their ofllcc 
dAring pleasure; and enjoined him, as a saving penance, 
for three yean to come, to repeat once a week the seven 
penitential psalms; reserving to themselves, however, the 
power of moderating, changing, or taking away, altogether 
or in part, the said punishment and penance. On this 
sentence ho was detained in prison till l634; and his 
Dialogues oftbe System of tho World wore burnt at Home- 
Galileo lived ten yean after this period; 7 of which were 


employed in making still further discoveries with his te- 
lescope. But by the continual application to that inslru- 
ment, added loan injury of sight from the nocturnal air, 
his eyes grew gradually Mi-akcr, till'he became totally 
b)in<l in l639. He b«>re this calamity with patience and 
resignation, worthy of a gn at philosopher. The loss m i- 
ther broke his s|>irit, nor stopped the course of his studies. 
He supplied the defect by coustam meditation; by which 
means he prepared a large quantity of materials, and be¬ 
gan to arrange them by dictating his ideas; when, by a 
distemper of three months continuance, wasting away by 
degrees, he expired at Arcetri near Florence, in January 
1642, being thc78lhycar of his ugc. 

Galileo was in his person of small stnluie, though of a 
venerable aspect, and vigorous consiitulioii, Hisconvi r. 
sation was affable iind tree, and full of pleasantry. He 
took great delight in arcliilccture and painting, and de¬ 
signed extremely well. Heplayed exquisitely on the lute; 
and whenever he spent any lime in the country, he took 
great picture in husbandry. His learning was very ex¬ 
tensive ; and he possessed in a high degree a clearness and 
acuteness of wit. From the time of Archimedes, nothin® 
hud been done in mechanical geometry, till Galileo, who 
being possessed of an excellent judgment, and great skill 
in the most abtrusc points of geometry, first extended the 
boundaries of that science, and began to reduce the resist¬ 
ance of solid bodies to its laws. Besides applying geome¬ 
try to (he doctrine of motion, by which philosophy be¬ 
came established on a sure foundation, be made.surpris- 
ing discoveries in the heavens, by means of his telescope. 
He made the evidence of the Copernican system more sen¬ 
sible, when he showed, from llic phases of Venus, like to 
those of the moon, that Venus actually revolves about the 
sun. He proved the rotation of the sun on his axis, from 
many observations on the spots contained on its surface; 
and thence the diurnal rotation of the earth became more 
credible. The satellites that attend Jupiter in his revolu¬ 
tion about (he sun, represented, in Jupiter’s smaller sys¬ 
tem, a just image of the great solar system; and rendered 
it more easy to conceive how the moon might attend the 
earth, as a satellite, in her annual revolution. By dis¬ 
covering hills and cavities in the moon, and spots in the 
sun constantly varying, he showed that there was not so 
great a difference between (he celestial bodies and the 
earth, os had been vainly imagined. 

Our author likewise rendered no less service to science 
by treating, in a clear and geomctricul manner, the doc¬ 
trine of motion, which has justly been called the key of 
nature. The rational part of mechanics hud been so 
much neglected, that hardly any improvement was made 
in it for almost 2000 years. But Galileo has given us 
fully the theory of equable inoti<>n!i, and of such as are 
uniformly accelerated or retarded, and of these two com¬ 
pounded together. He, first of any, demonstrated that 
the spaces described by heavy bodies, from the beginning 
of their descent, are as the squares of the times ; and that' 
n body, projected in any direction not perpendicular to ‘ 
the horizon, describes a parabola. These were the be¬ 
ginnings of the doctrine of the motion of heavy bodies, 
which has been since carried to so great a height by New¬ 
ton. In geometry, be invented the cycloid, or trochoid ; 
though (he properties of this curvo were afterwards chiefly 
demonstrated by bis pupil Torricelli. He invented the 
simple pendulum, and road&usc of it in bis astronomical 
experiments : he bad also thoughts of applying it to clocks; 
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l)ul <li.i n ‘1 OKCcule llial desigfi : llio glory of that invcn- 
\nf\} n;l^ ri*'cr\i*(l lorliU son Viccnzio, who made the ox- 
lu rinunl at W nice h\ aiidlluvcoiis afterwards ear¬ 

ned the same to prifection. Onr author was likewise pro¬ 
jector of tlie machine, with M'hich the \’cnctians render 
their l.agnna thiid nnd navigable. lie also discovered tbe 
gravity of (he air. un<l ondeaNoured to compare it with that 
<»f water ; besides laying the foundation for several other 
inquiries in natural [ilolosophy. Iji shorty such was the 
characti r of this memorable genius, that he was not only 
(^teemed ami followcti by philosophers, but was honoured 
b) persons of the greatest diNtinciion of uU nations. 

(raliteo had scholars that were worthy of so great a 
master, by w horn ll>e gravitation of the atmosphere was 
fully cstablislu d, and its varying pressure accurately and 
conveniently measured, by the cultunn of quicksilver of 
equal wtdght sustained thereby in tire barometrical tube. 
J'hc cljisticilv of the air, by wliich it perpetually endea¬ 
vours to expand itself, and, w liilc it admits of condensa¬ 
tion, resists in proportion.to its density, was a plicnonienon 
of a new kind (l)>c common fluids liaving no such pro- 
perty), and was of the utmost importance to philosophy. 
'I'lu’se principles opened a vast field of new and useful 
knowledge, and explained a great variety of phenomena, 
which had been accounted for iH'furc tlmt time in a very 
absurd manner. It seemed as if the air, the fluid in w*hich 
men lived from the beginning, had been them but iii*st dis- 
covor<»d. Philosophers were every where busy inquiring 
into its various properties and their effects: and valuable 
discoveries rewarded their industry. Of the great num¬ 
ber who distinguished themselves on this occasion, may 
be mentioned 'rorricelli and ^'iviuni in Italy, Pascal in 


Pninco, Otto Guerick in Germany, and Boyle in Eng¬ 
land. 


Our author wrote a number of treatises, many of which 
were published in his life-time. Most of them were also 
collected after his death, and published by Mendcssi in 
2 vols. 4to, under the title of L'Oprre di Galileo Galilei 
Lyncco, in 1(>.56. Some of these, with others of his pieces, 
were translated info English and published by l'liomiis 
Salisbury, in his Mathematical Collections, in 2 vols folio. 
A volume also of his letters to several learned men, oi>d 
jiolutioiis of several problems, were printed at Bologna in 
4to. Ills last disciple, Vinccn;;o Viviiini, who proved a 
very eminent mathematician, methodized a work of his 
master’s, and published it under (his title, Quinto libro 
de gli Hlemonti d’Euclidi, &c ; at Florence in 1674, 4to, 
Viviuni published also other writings of Galileo, being ex¬ 
tracts from his letters to a learned Frenchman, where he 
gives an account of the works which bo intended to have 
puhlislicd, and a passage from a letter of Galileo dated at 
Arcefri, Oct. 30,1635, to JohnCamilIn, a mathematician 
of Naples, concerning the angle of contact. Besides all 
llicsc, he wrote many other picci^s, which were unforlu- 
nalcly lost through his wife’s devotion; who« solicited by 
her confessor, gave him leave to peruse her husband’s mn- 
nuscripfs; of which he destroyed and took away as many 
as he said were unfit for publication. 

GALLERY, in Architecture, a covered place in a 
building, much longcrthan broad; which is usually placed 
in the wings of the building, and serving to w*al^in as well 
as to place pictures. It denotes a small aisle, or walk, 
serving os a common passage to several rooms placed in a 
line, or row. 

Gallery, in Fortification, a covered walk, or passage, 


made across the ditch of a besirgcd town, with timbers 
fastened in the ground and covered over. 

Gallon, an English measure of capacity, for things 
both liquid and dry, containing 2 pottles, or 4 qviarts, or 
8 pints. But thoio pinfj> and quarts, and consequently the • 
gallon itself, arc different, according to the quality of the 
things measured: the wine gallon, for instance, contains 
231 cubic inches, and holds Sib, 5|oz, avoirdupois^ of 
pure water; the beer and ale gallon contains 282 cubic 
inches, and holds lOlh, 3foz uf vvatcr; and the gallon dry 
measure, for grain, meal, tee, contains 268 ^ cubic inches, 
and holds 9lb, ] I^oz of water. 

GALLOFEU, in Artillery, the nameofa carriage serv¬ 
ing for the very small guns, and having shafts so as to he 
drawn without a limber. 

GAL\*ANISM, one of the most interesting branches of 
modern philosophy, w Inch derives its name from its illus¬ 
trious discoverer, Professor Galvani, late of Bologna; it 
comprises all those electrical phenomena arising from the 
chemical agency of certain metals with dilTcrent fluids. 

The following circumstance is said to have given rise to 
this very curious branch of philosophical inquiry. Pro¬ 
fessor Galvani had long been considered as one of the most 
able lecturers in the university to which he belonged; a 
character that he owed to his accurate knowledge of ana¬ 
tomy, chemistry, and other philosophical subjects; one 
day, w hile engaged in some experiments in his laboratory, 
a frog, which had been prepared for the purpose of making 
soup for his w ife, who was sick, was laid on the same table 
where his electrical apparatus wore placed ; when one of 
his assistants in the experiments, by accident or di^ign, 
brought the point of a scalpel near the crural nerves of the 
ffog, lying not far from the conductor. In an instant the 
muscles of its limbs w'ere agitated svith strong convulsions. 
The experiment was repeated, the fact ascertained, and a 
great many ingenious experiments were put in execution, 
by which he investigated the law of nature, of which ac¬ 
cident had thus given him a glimpse; and tbe success of 
his inquiries has immortalized bis name. 

Ilis publication on* the subject was printed for the in- 
slitute at Bologna in 1791 1 entitled, Aloysii Galvani de 
veribiis Electricifatis in motu musculari Con'mentarius; • 
which work immediately excited the atteutton of philoso* 
phers both in Italy an<] in other ctnintries; and the ex¬ 
periments were repealed and extended. Galvani, soon af¬ 
ter he had ascertained the power of cleciricity on the 
limbs of dead frogs, and other animals, was led to a fur¬ 
ther di>covcry, tlmt a similar ollcct might be produced 
without the assistance uf any visible electrical agent; that 
is, by the mere action of a metallic ^substance; and after 
making a number of experiments on this head, he ascer- 
tnined, that the convulsions were produced only when dis¬ 
similar meluls were employed. Tla'se experiments, as be¬ 
fore observed, w'crc repeated by many philosophers; none, 
however, added any thing new to whut Galvani had dis¬ 
covered, excepting the celebrated Volta, of w hom we shall 
have frequent occasion to speak in the fullowing pages: 
this great improvement took place in the year 1800; 
which time, many other philosophers pursued this subject 
with very great success and applause; nod none with moro 
than Professor Davy, of the Royal Inst^ution: Dr. 
Wollaston and Mr. Nicholson likewise have done them¬ 
selves considerable honour, by the number and accuracy 
of their experiments, and the consequent developcrocntof 
many new principles connected with this-science; and 
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Jlr. Wm.Cruickshank, a celebrated English chemist, by 
bis invention of the galvanic trough, seems to have fur¬ 
nished the means of increasing the power of the galvanic 
fluid to its greatest possible extent. 

Having thus given a slight view of the <liscovcrer and 
subsequent improvers of this intercstitJg science, wc shall 
proceed to explain, as much at Icngtii as our limits will 
admit, the nature of its action, and the principal experi¬ 
ments that are necessary, in order to form a connected idea 
of its several efl'ccts. 

The discoveries of Galvani, as before observed, wore 
made chiefly with dead frogs; tljc limbs of which, by 
means of electricity, acquired a tremulous motion, and 
generally a certain degree of extension; but this etVect is 
likewise sensible, in a greater or less degree, on any other 
recently dead and skinned animal; tliough it is mucli mote 
perceptible in culd-bluoded creatures. The manner in 
which Dr. Galvani made his first experijnents, was as fol¬ 
lows : he skinned the legs of a fnig recently tlead, and left 
them attached to a small part of the spine, but separated 
from the rest of the body; and any other limb may be 
prepared in a similar manner; tluit is, the limb must be 
deprived of its integuments, and the nerve which belongs 
to it must be partly laid bare. 

If the limbs thus prepared, for instance, the legs of a 
fro", be so situated, that a little electricity may pass 
throuolt them, whether it be by the immediate contact of 
an electrical body, or by the action of an electric alino- 
spherc ; as when the preparation is placed williiii a cer¬ 
tain distance of an electrical machine, and a spark is taken 
from the prime conductor; the prepared legs will be in¬ 
stantly affected with a kind of spasmodic contr.iction, and 
lomclitnw so strong as to jump a consiilerable way. 

The like movements may be produced in the prepared 
animal, without the aid of any apparent electrical agent. 
In an animal recently dead, tletach one end of a nerve 
from the surrounding parts, taking care to cut it not too 
near its insertion, into the muscle; renmve the iiitegn- 
mems from over the muscles that depend on that nerve; 
then take a piece of metal, as a wirtv and touch the nerve 
with one extremity of ft, ujid the muscles with the other 
extremity; on doing which, the prepared limbs will move 
in the same manner, qs when electricity is made to pass 
througl> them. This, however, is not the most cfTecluul 
wayof forntinglliecominuniculion, though it will generally 
succeed ; and the experiment will answer, whether the 
preparation be laid upon conductors, or on electrics. But 
if the communication between the nerve and the muscle 
be formed by nonconductipg bodies,such as glass, w ax, silk, 
&c, then no motion will ensue. 

The conducting communication between the muscles 
and the nerve may consist of one or more pieces; and of 
the same, or, which is much better, of different bodies, 
connected together, as metals, water, a number of persons, 
.and ci'cti of wood: but it must be observed, that the va¬ 
rious bodies which form this circuit must be placed with 
full and perfect contact with each other, which is done 
by pressure, or by the interposition of water, &c. The 
less perfect conductors will answer only at first, when the 
prepared animal retains its vigour; but when (he power 
begins to diminish, as it will after a few Hours, then the 
more perfect conductors only will answer, and even these 
‘will produce various effects.. 

The most effectual way of producing those movements, 
is by the application of two metals, of which silver and 


zinc setrn to be rather the best; though silver and tin, or 
copper and zinc, and some other combinations, are not 
much inferior. If part of the nerve proceeding from a 
prepared limb Lewrappctl iijj in a piece of linfoil, or only 
laid upon zinc; and a pitCe ofsilvir laid with one end 
upon the bare muscle, and witli ilie otlwr on the above- 
mentioned tin or zinc ; the motion ot the prepared limb 
will be very vigorous. The two metals may be so placed, 
as not to be in contact with the preparalioo ; but in any 
I>:irt ol the circuit; which may be completed by means of 
other conductors, as water, 6vc. 

In a similar manner, the action of the galvanic fluid 
may be made sensible on the human bodj. Tiius, let a 
man lay a piece of'metiti, as zinc, upon liis tongue; and a 
piece «»f some other metal, as silver, under his longue; 
then by forming the communication belwnu these two 
metals, either hy bringing their outer edges in conl<ict. or 
by the interposition ol some other piece of metal, he will 
perceive a peculiar sensation, a kind of irritation, .nc- 
compunied with a cool and subacid taste, nut much unlike 
that which is produced byartilieial electricity. The sen¬ 
sation seems to be more rlislinct. when the metals arc of 
the usual temperature of the tongue; and on making the 
cummunicalion between (he two pieces, the taste will be 
IKTceivcd more sensibly. 'I'he etlect is rather more re¬ 
markable will'll the zinc touches (lie tongue in a small 
part, and the silver in a great portion of its surface, than 
when the contmry, have place; that is, when ihc zinc 
touches more than the silver. Instead of llie tongue, the 
two UK tills also may be placed in contact with the roof of 
the mouth, ns lar back as possible, nml on coiupleling the 
communic.ntioii, a similar cftict w ill be produced. 

Dirterent jk-isoijs are variously affeclid witli this appli¬ 
cation of metals; with some, the sensation of taste is so 
slight, as scarcely to he perce[)tible ; while with others it is 
very strong, and even disagreeable. 

’I'lic above cxperiiiu-nt, which is one of the most simple 
tliat cun be devised, w as accidentally made about 6'0years 
back, by a ))erson of the name of Sullzer, who stated the 
fact in the following terms. If a piece of lead, and a siinilnr 
piece of silver, be laid together; and the edges of both be 
brought in contact with the tongue, a taste is perceived 
similar to (hat of vitriol of iron, at the same time that the 
^nctuls applied separately produce no etlect. 'J'he ob¬ 
server of tills experiment does not appear to have been at 
all surprised with its result: fur at timt litne (lie doctrine 
of vibrations was employed to explain all natural pheno¬ 
mena ; und he iheivfore concluded, that some peculiar 
vibration took place on the application of the metals; and 
as every body was satisfied with this explanutiun, notliing 
further was thought of the experiment; und thus a promi¬ 
nent fact had slept in obscurity, from the timeof Sultzer to 
the time of Galvani. 

Having seen how the galvanic operation may be made 
sensible to the taste, by a similar application it may be 
made visible to the sight; thus, let a person in a dark 
place, put a piece of tinfoil on the bulb of one of his vyes, 
niid a piece of silver, as a spoon, or the like, in his mouth; 
then on completing the communication between the spoon, 
and the tinfoil, a faint llash of white light will appear be¬ 
fore his eyes: but this experiment may be pcrlbrmcd in u 
more convenient'innnner, by placing a piece of zinc be¬ 
tween the upper lip and the gum?, as high up as possible, 
and a silver piece of money on the tongue; for when the 
two melub ure made to communicate, either by the iumte— 
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<V\i\tc coDtacl of Uioir cdgc5> or by the intorposinon of good 
rouductors, tlic (Insh of light will be visible us before; but 
by cojitmnin^ the contact of the two metals, the appear¬ 
ance of light is not cotuinued, it being only visible at the 
moment tlie contact takes place ; and sometimes, though 
hut rarely, at the instant uf separation: it may therefore 
he repeated at pleasure, by disjoining, and a^ain connect¬ 
ing the two meluls. 

For a con^idcrjble lime after the first discovery made 
by Galvani, little more was known of its nature and its 
elTects, than what is above stated ; and it was doubtful, 
wlictlicr the convulsions in the animurs limbs, and the 
sensations produced upc^o the human body, were owing to 
an electrical properly, peculiar to the animal parts, which 
it was thought might be conducted through the metals 
from one part to the other; or to a snuill quantity of elec¬ 
tricity, which might be supplied by the metals them- 
?eiv< s: Gulvaiii himself was of the former upinion/and cn* 
thusiastjc in the nppliculion of the electrical theory to 
animal economy; and particularly w hen he found the 
metallic substances were capable of exciting muscular 
motion, he was confirmed in his opinion, tliat tlie inherent 
olectriciiy of the animal was transmitted from the nerve to 
the rnusch^ by the nictuls employed. 

About this time, however, Signior Volta took up the 
subject, adopting a theory of a ditlcrent nature; which, 
though not strictly true, has contributed principally to its 
rapid advancement. Instead of supposing, as Galvani 
did, that the electricity belonged to the animal, he con¬ 
sidered it as inherent in the dill'ercnt metals ; which idea 
was truly fortunate for the cause of philosophy; for the 
very'hypothesis of Galvani prevented him from deriving 
any farther knowledge of the science; because if the elec¬ 
tricity belonged to the animal, no greater power W'os likely 
to be produced, than what two pieces of metal could ef¬ 
fect ; but on Volta^s hypothesis, since he conceived the 
action to he in the metals; it followed, or at least it was 
liighly probable, that by increasing their number, their 
elfeci would also be increased in the same proportion. 

lie therefore repeated the experiments of Galvani, und 
found that when two pieces of metal of dilfercni kinds were 
placed in clilfcrent parts of an animal; at the same time 
that the metals were brought in contact, or were con¬ 
nected by a metallic arc; ns often as the contact was made, 
convulsions were observed: he also found that the greatest 
eflect was produced, when the metals were zinc and silver; 
and when several pieces of metals were employed, having 
pieces of wet cloth between them, the cflfcct appeared to 
he increased as the number of pairs j and hence his idea 
of the pile. 

This important discovery of accumulating the effects of 
this specu-s of electricity, was made by Volta in 1800, 
and has hence bivn denominated Ihe Voltaic pile. Tlio 
apparatus first made by Volta, consisted of a number of 
pairs of zinc und silver plates, separated from each other 
by pieces of wet cloth, the arrangement being as follows; 
viz, zinc, silver, wot cloth ; zinc, silver, wet cloth, ond so 
on : the silver plates were chiefly silver coins, the plates 
of zinc, and pieces of wet cloth being of tho mridc size ; 
and be found the action of theso combined pairs, Co be 
much more powerful when the pieces of cloth were moist¬ 
ened with a solution of common salt, instead of pure wa¬ 
ter : aipilc consisting of forty pairs, he found to possess 
the power of giving a pretty smart shock, similar to that 
of a small electric jar; and that this cflfcct took place, us 


often as a communication was made between each end of 
the pile ; and as long as the pieces of cloth rt'mained moist. 
An account of this discovery was communicated to the 
Ro\al Society, and published in the Philosophical Trans¬ 
actions ; but we do not hoar of this celebrated philosopher 
making ony fariher^discovery, after the invention of the 
pile, and ascertaining (he nature and extent of its cflccts 
on animals. 

A Voltaic pile similar to that we have been describing, 
is rcprcsenlcd, plaic vii.fig. C; ii consists of pieces of silver, 
about the size of half-crowns ; pieces of zinc of an equal 
size; and pieces of cloth, or leather, or other bibulous 
substance, a little less in diameter than the metallic 
plates ; these last being soaked in water, or any other 
proper fluid, 'rheso pieces arc disposed in the order, silver, 
zinc, wet cloth; as indicated by the letters s, z, w; the 
pieces of cloth, or leather, must be well soaked in the fluid; 
but before they are applied, they should be squeezed, in 
order that the superfluous fluid may not run down the 
outside of the pile, or insinuate itself between the contigu* 
ous pieces of silver and zinc. Those pieces of cloth, par. 
ticuiarly if soaked in plain water, lose thrir moisture very 
soon, HO that they can seldom last longer limn forn day 
. or two, after which the pile must be decomposed, the 
mclnilic piecis cleaned, those- of cloth soaked again ; and 
the whole arranged as before. 

The three rods n, n, n, are of glass, or of bnktd wood, 
the piece o, slides freely up niid down the rods, which 
scr%-cs to prevent tho falling of the plates : but when such 
n pile is to bo very powerful, viz, to cou'.istof many plates, 
the best method is to form two, llirec, or more piles; 
add to join them by pieces of mef;.l. , r, c, fig, 5; where 
two piles arc joined together, so that» i' the nrgntive e.v 
trecnity, and b is the other, or pnsifi.c'extremity of the 
whole arrangement, or of the two pile-, consi«U'r('dp.s one; 
that is, a is a silver plate, nnd 6 the zinc. It may also 
be observed, that copper may be bubsiituted for ihtf silver, 
without much decrease of the cITeci. 

it was with piles similar to what we have bedh doscri* 
lung, but consisting of a greater or less number of plates 
that galvanic experiments were first made in this country 
by Messrs. Nicholson nnd Carlisle, and many important 
chemical truths were developed by this means. At length 
Mr. Cruicksliaiik, nftcr having employed the Voltaic pile 
for various experiments, fell upon the happy idea of the 
galvanic trough. This consists of a box of baked wood, 
of a width and depth ogrcenblc to the size of the platel, 
and of convenient length for handing about ; the inside 
being furnished i^rith grooves, passing across the side nnd 
bottom, for the inception of the metallic plates, nnd ut 
such a distance, that when these nrc cemented into tho 
grooves, the trough may be divided into ii number of 
ccllsj about of an inch wide; each of the plates being 
compound; viz, consisting of two plates, one of zinc, nnd 
the other of silver or copper, soldered together; and the 
order in which they were placed was such, (hat oil the 
zinc sides of the plates faced one way, and the copper 
sides the other: in fact, the trough was the pile placed 
horizontally, thd cells being for tbc reception ofa fluid, to 
answer the purpose of the pieces of wet cloth. The ce¬ 
mentation of the metallic pieces into the sides and bottom 
of the vessel, must be so accurate, as not to permit the 
fluid to pass from one cell to another; the proper cement 
for this purpose being made, by melting together 5 parts 
of resin, 4 ofbccs*wax, ond 2 parts of powde^ redoebre: 
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two or more such batteries may be joinqd tooeihcr, in or¬ 
der to Increase the effect, as in the foresjoin^cuse of lb« 
double pile, ^-e fig. 7, pi. vii, which repn.-M ).ts a single 
battery ; with its communicating rods. 

The action of all these batteries is the greatest, when 
they are first completed, or filled with tlie fluid ; and ii 
declines in proportion as the metal is oxidated, orthc tluid 
loses its power : therefore, after a certain time the fluid 
must be changed, and the mctailic pieces cleaned, by re¬ 
moving the o.xidatedsurface; which may be done, either 
by filing or by rubbing t&cm wiih sand, or sand paper ; 
or by immersing them for a short time in diluted mu¬ 
riatic acid; and then wiping them with a coarse cloth ; 
the last method is to be preferred for the trough; wiping 
them by means of a stick, which may be introduced be¬ 
tween them, with a piece of cloth upon it. 

Having liius described the construction of the best 
and most simple galvanic arrangements, we 'shall proceed 
to state the eflects of these combinations, in a popular 
m.nnner; but omitting as much us possible those experi¬ 
ments that arc purely of a chemical nature; as ihes.;* arc 
not only too tiumerous to be inserted in the space wc have 
assigned for this article, but they arc also incongruous 
with the plan of the present work ; and wc must therefore 
refer the curious reader, who wishes for particular infor¬ 
mation on this very interesting branch of philosophical in¬ 
quiry, to the following woiks, viz, Rees's Cyclopccdia, and 
the professed chemical treatises, for moreampleaccouiits. 

The various powers of different simple galvanic circles 
may ^ascertained, by applying them to such animal pro* 
parationsas have their irritability more or less e.Nhaustcd. 
Thus, M. Volta in bis letter to Gren, says, “ If you take 
a frog, the bead of which lias been cut off, and which has 
been deprived of all life, by thrusting a needle into the 
spinal marrow, and immerse it without skinning, or taking 
out the bowels, or any other preparation, into two glasses 
of water, the rump into one and the legs into the other, 
it will be strongly agitated and violently convulsed, when 
you connect the water in both glasses, by a bow formed 
of very different metals, such as silver and K^d ; or, what 
IS belter, silver and zinc; but this will not bo the case 
when the two metals arc less different in regard to their 
iWwcrs, such as goldand silver, silver and coppci^ copper 
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apply the tip of your longue to the fluid in the bason, you 
will immediately be sensible of an acid taste on v^.ur 
longue, winch is in contact with the alkaline iiqm.r. 
Inis taste is \eiy percc | iiMi', and fi.r the moment pieiiv 
strong ; but it is alti rwanJs tliangcd into a diiTcreni one, 
less aci<l, but more saline and punjent, until at last, it 
becomes alkaluH-, and sharp, in piopoilion as the llunl 
acts mori! upon the tongue. 

In the foregoing part of this article, other exjieriments 
have been noticed, made by single combinations ol dit- 
fvrciit metals; wc shull iherctorc now aticnd totliOK that 
are made by means of the more powerftl apparatus, ^uch 
as we have already described ; viz, the \ oliaic pile ; and 
the trough or battery, invented by .Mr. Cruicksbank. 

I hese powerful combinations not only con\ulsc tbcpri'- 
pared limbs of a frog, or produce the appearance of a 
flash of light before the human eye, but they exhibit all 
the phenomena of electricity, in a very considerable <le- 
grec: an arrangement of the kind we have described, will 
give the shock ; it affects the electrometer, shows a lu¬ 
minous spark, accompanied with an audible report; it 
burns metallic, and other bodies; and continues in action 
lor a very considerable time; viz, until the chemical ac¬ 
tion between the component parts of the battery be quite 
exhausted. Some of which effects arc cnumcnilcd in the 
following paragraph. 

_ If you lake a Voltaic pile, consisting only of 20 repeti¬ 
tions of simple combinations, and toucli with one hand 
one c.xircmiiy of the pile, as at b, fig. 5, and apply the 
other hand to the other extremity, as iit a; a very slight 
shock will be perceived, like that which is communicuU-d 
by a Leyden pbi.il weakly cli.irgcd; and it will be scarcely 
felt beyond the fingers, or at most the wrists; but the 
shock IS felt as often a, the contact is renewed ; and if you 
continue the hands in contact with the extremities i and 
a, a slight but continued irritation will be perceived : 
and when the hand, or other part of the body, which 
touches the extremity of the battery, is excoriated or 
wounded, this sensation becomes dMagrecabIc, and rather 
painful ; but os the dry skin of llie human body is seldom 
capable of conducting this shock, the touching fingers 
should be well moistened with water; and it will be still 
better to immerse a wire, thaf procceils from one extro- 


..n I j I 1 L ■ —--I'j'w. ./v...,, i,, iiutiu-ise u wire, inarprocccds irom one extn^. 

and iron, tin and lead; but what is more, the effect will mity of the battery, in a bason of water, wherein mav be 
be fully produced on this so little prepared frog, when plunged one hand; grasping, at the same time witl/the 
you immct.e in one of the two glasse-s the end of a bow othef hand well mo^ened, a largeTdecc df mc^l as a 
merely of un or zinc ; and into the other glass, the other large silver spoon ; by which mca^ns the shock w ill be 
end of this bow, which has been rubbed over with a little felt more distinctly. Instead of one person, sovcni mav 
alkali: and y-ou may perform the experiment still better ' join hands, (which must be all well moisicndd ) dnd 
with an iron bow, one end of which has been covered w it^ completing tbc circuit, they will all feel the shock at lln> 


a drop or thin coat of nitrous acid ; but it will succeed 
beyond-all expectation, when you take a silver bow, hav¬ 
ing a little sulphurate of potass adhering to its extremity.” 

It had long been asserted, that porter, and some other 
liquon, when drank out of pewter pots, bad a different 
taste, from what they had when drank out of a glass or 
Wihcnwarc; but it was little expected, that this was a 


same time, as with an electrical discharge: but the 
strength of it is thus much diminished by passing through 
the several persons, as it is in general by passing through 
bodies that are not perfect conductors. 

The shock of a battery, containing 50 or ffo pairs of 
combinations of silver or copper and zinc will be fell 
as high as the elbows ; and the combined effect of five or 
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truth inumatclv connected with sointeresunga branch ofi six such batteries will of course be much ercatcr and 
phil^o^; though, now, there is no doubt of the fact, such as few men would be willine to receive ^ 

by^’IbllowLgTperi^^^^^^^^^ experiment it appears, that between 

3 - and rvou(Which lastis the and those produced with the pile, there is this difference J 

hands’ havine first *****’“ the former, the effects are annihilated at the instant 

* VoL. L ® them with pore water, and of contact j while in the other, they remain as long as the 
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contact is continaed- The pile once charged, becomes 
thus a reservoir of electricity, which^ without the aid, and 
as it were without the knowledge, of the operator, fills iN 
self spontancnnsly; regains continually what is taken 
from it ;and would be inexhaustible, if the humid bodies, 
of which the pdo is composed, could be prevented from 
losing their moisture* 

If a wire, proceeding from one extremity of a pretty 
strongjvalvaiiic pile, be made to communicate with the in¬ 
side coating of a common Leyden phial or electrical bat¬ 
tery t and a wire which proceeds from tlie other extre¬ 
mity of the pile, he made to communicate with the outside 
coating of the same jar or battery ; the latter w ill become 
weakly, but almost instantaneously charged, in the same 
manner as would have been done w ith a few turns of the 
electrical machine; and with that charge you may either 
give the shock, orclTecl an electrometer, Ac.* In fact, 
every experiment convinces, more anil more, that a gal¬ 
vanic battery produces a vast quantity of electric fluid, 
which is hut little condensed ; an<l indeed it would bcim- 
possildc to suppose that the electric fluid could proceed 
in a very contic/ised slate, from an arrangement of bodies, 
which, whether more or less, arc however all good con¬ 
ductors of electricity; for if the fluid was much con¬ 
densed at one extremity of the battery, and much rarefied 
at the other extremity, the condensation would soon be 
made through the pile itself: and indeed it is diflicult to 
comprehend, why this compensalion docs not take place 
in all cases* 

Having mentioned above, that the charge of a galvanic 
pile or battery may be communicated to a common 
electric battery, it is scarcely necessary to observe, that 
the same may be communicated to a condenser or a mul¬ 
tiplier; and from hence to the electrometer; and if the 
pile consists of 200 repetitions, the electrometer will be 
atfeclrd by simple contact.’ 

The spark or the discharge of an electric battery, when 
sent through thin inflammable bodies (hat are in contact 
with the common or oxygen'air, sets them on fire, and 
consumes them with wonderful activity : it also fires gun¬ 
powder, hydrogen gas, phosphorus, and other combustible 
matter: it olso renders red hot, fuses, and consumes, very 


in diameter, may be melted into a globule by the sameap* 
paratus ; and more powctful effects will of course be pro¬ 
duced from the combination of two or more such batteries* 
Under the exhausted receiver of an air-pump, the gal¬ 
vanic battery acts less powerfully than in (be open air; 
but its eflcct is increased in oxygen air* ^ The flaslrof tight 
that appears before the eye of the experimenter, when the 
eye itself, or some other part not very remote from it, is 
put ill the circle of a galvanic combination, docs not ap¬ 
pear much greater when a battery is employed, than 
when two plates arc applied in the same manner; which 
experiment has been already mentioned ; but when the 
battery is used, (he sensation of a flash may be produced 
in various ways. If One hand or both be placed in per¬ 
fect contact with one extremity of the battery, and al¬ 
most any part of the face be brought into contact with the 
other oxtmnily of the battery ; the flash will appear very 
distinctly, the operator being in (he dark, or keeping \i\% 
eyes shut. This flash appears very strong, when a wire, 
(hat proceeds from one extrcmi(y of the battery, is held 
between the teeth and rests on the tongue, while the 
other wire is held in the huiul; and in (his ease, the lips 
and tongue arc convulsed, the flash appears before (he 
eyes, and a very pungent taste is perceived in tbo mouth. 

If any part of the human body forming part of tbe 
circuit of a galvanic battery be kept some time in that si¬ 
tuation, the irritation or numbness is more or less distinct, 
and more or less paioful, according to the sensibiKly of 
the parts concerned. 

The above are some of the most popular experimenU 
that are made by means of a galvanic battery; but by far 
(he greater number of those that have been made have 
been directed to chemical purposes, and the results that 
have thus been obtained are truly curious and interest¬ 
ing : an extensive field has thus been opened for chemical 
research, too vast for human conception, by the intro¬ 
duction of this powerful agent; and more discoveries 
have through its means been made in one year than per¬ 
haps any one century can boast. But these experiments, 
a$ we before obserted, do not properly bclonglo a work 
of this nature ; we have therefore endeavoured, without 
introducing them, to given familiar idea of the nature and 
power of this wonderful agent. 

GAUDKCAUT, or Guard do Cord, in a watch, u 


slender metallic wires, and metallic leaves* 

The method of employing the power of the battery for 
such purposes, is shown at Rg.7$ where ab represents a riiat which slops the fuece, when wound up, and for that 
powerful galvanic battery; acdp is a wire whicb cominu- end is driven up by (he spring. Some call it guard-edek; 
ideates with the first pla(e of the battery A ; bkiiio is others guard du Gut. 

• • ‘ • ..t .1 . 1 .... i .*. -4 GAUmSON Guns, such as arc mounted end used ip 

a garrison, consisting of the following weights, viz, the 42, 
32, 24, 18, 12, 9, and 6 pounden; being made either of 
brass or iron* 

Table qftbe IFeight and Dimensions of Garrison'‘Gtms. 


another wire, which communicates with the last plate at 
B ; db and iii arc two glass tubes, through which those 
wires pass, and into which they arc fastened sulficicntly 
steady: these tubes serve to move the wires by ; or if the 
operator applies his lingers to the middle part of those 
tubes, he may move the wires wherever he pleases, with¬ 
out tiio fear of receiving a shock, • If the two extremities 
p,o, arc brought sufficiently nenrtocach other, the spark 
will be ^cen between them; and it is between those extre¬ 
mities, that t^ic combustible substances, or meuillic leaf, 
is to be placed, in order to be fired or consumed; and in 
the figure is shown the situations of the wires, as they must 
be posited, in order to accomplish the firing of gunpowder, 
or the fusion of metals,'Ac, &c* A battery, consisting 
of 200 pairs of metaUie plates, viz, copper and sine, 
each five inches square, will melt 3 inches of very 
fine iron wire; and a platina wire about -ryT 
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Iran Gtrruon Guns. 


Shot 

Length 

1 Weighr. 

Shot I 
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Weight. 

lb. 

f. 

in. 

c«. 

qr. 

lb. 

I lb. 

f. 

in. 

c.. 

qr. 
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42 

10 

0 

64 

0 

0 

32 

9 

8 

56 

0 

0 

32 

9 

2 

49 

2 

18 

24 

9 

8 

48. 

^0 

0 

24 

8 

4 

37 

0 

0 

! 13- 

9 

0 
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18 

7 

6 

27 

3 

0 
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7 

8 

24 

0 

0 

1« 

6 

7 

18 

2 

0 

9 

7 

0 

18 

0 

0 

9 

6 

0 

13 

3 

0 

6 

6 

1 

• 12 

0 

0 

6 

- 5 

3 

9 

1 

0 

4 

S' 

4 

8 

0 
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GAS. The term gas (with tbe exception of the common 
air we breathe) is used to signify any permanently elastic 
exhalation afforded in cheniicd processes. It uas ori¬ 
ginally given by Van Hclmont to the vapour of charcoal, 


the same wjth the fluitl culled fixed air; and some oihor 
factitious airs; and (rum him has been eniplojrcd by 
modern philosophers as a general name for all the fluids 
about which areologj* is conversant. 


Table, showing the absolute weights and specific gravities of gases, and the quantity of eatli absorbed by water 

Temperntuu 60® Fahrenheit^ Baromaer 'J9 S. 

B.denotes Brisson ; Cr.Cruickshanf; D. Davyi Dal. Dalton; Dci.Deiman; H. Henry; K. Kirwan; S.Shuckbiirgh ; 

T. Thomson; 'Ih. Thonard ; Tr. Tromsdorff. 



W^jghi of Specific Gravity, 

ioocut>ic-— 

inches in ' \V»tef, the | Air the 
I SiaD<l«rd •( 1000. Standard. 


Auilioru>. 


Numf><r of cubic snclicr 
ib&orbed bv 100 inches of 


water. 


Nitric acid - 
Sulphurous - 
Vapour of ether - 

l\^riatic acid . •* ------- 

Vapour of alcohol ------- 

Nitrous oxide - 

CarbOBic acid - -- -- -- - 

Ditto ditto - 

Muriatic acid - -- -- -- -- 
Sulphuretted hydrogen ------ 

Nitricbxidc - -- -- -- -- 

Ditto ditto - -- -- -- -- 

Oxygen gas - -- -- -- -- 

^Sulphuretted hydrogen ------ 

Oxygen gas - -- -- -- -- - 

Atmospheric air-- - - -- -- 

Azotic gas 
Ditto 

Carbonic oxide - : 

Olefiant gax - -- -- -- -- 

Hydro carburet from stagnant water - - 

Ditto from coal 

Ditto from ether - -- -- -- - 

Ammonia - 
Ditto s.---. 

Araenicated hydrogen gas 
Hydro carburet from alcohol . . 

Ditto from water over ignited charcoal - 
Hydrogen gas - -- -- -- -- 
Phosphuretted hydrogen • - - - - - - 


76 

70-215 
62-1* 
59-8 
51-5 
50-1 
46*5 
45-5 , 



30*45 

30 

28-18 

20-66 

20-2 

20 

18-16 

18 

16 

14-5 

26-13 


0-715 

0-713 

0*6499 


0*1031 


4 

2 

2 


1929 
2100 
1615 
1500 
1470 
1430 
1231 
1193 
1105 
1127 
1142 
1 103 
1000 
985 
9 SO 
967 
905 
666 
650 
645 
585 
580 
529 
516 
468 
S4 



3300 


66 

108 

51500 


D. 

Cr. 

Dei. 

Dal 

Dal 

Cr. 


lOS 

3-7 

1-53 

^01 

12.5 

1.40 


H. 

Ddl 

H. 


47500 


1*61 

2-14 


& The following arc the experiments made by professor 
Vacquin of Vienna on the dilfcrciil gases, as the vehicle 
of sounds.—A glass-beli being furnished with a metallic 
stopper cemented to a neck at the top; and in tbe bore 
of this cock within tbe.gla 6 S, a small flute or pewter (ctain) 
about six iifChes in*lchglh was fixed. The glass being 
then placed on tbe shelf of the pneumatic vessel, and fliled 
particular Innd of gas, a bladder also fliled with 
^ne same gas, ana provided with a cock, was adapted to 
*he cxtcrtial aperture of the cock belonging to the bell- 
glass. in thi^di^position of the apparatus the flute was 

« adc to sound by gently pressing the bladder. Compara- 
re experiments were aUo made with atmospheric air, 
Jbtygen, hydrogen, carbonic acid, and nitrous gas. The 
intensity of the sound did not very; but ti|^cn compared 
with tliat produced by atmospheric air, tbe ox^en gas af¬ 
forded o sound half a tone lower ; azotic gas,p&pai:rd by 
diflereot methods, constantly gave a soun^balf a tone 
lower; hydrogen gas gave nine or eleveirMfies higher; 
carbonic acid gas gave one-tbird lower; and nitrous gas 


also very nearly a third lower. A mixture of oxygen ga> 
and azote, in the proportion contained in aimuspheric air» 
Afforded tbe tone of this last; that is lo say, it was half u 
tone higher than each of the component parts alunc. 
When the two gases were not uniformly mixed, the sound 
was abominably harsh. Cbladni intends to give a fuller 
account of these interesting experiments. Journal de 
Physique, vol. 4,'N. S. p. 57. 

GASCOIGNE, an ingenious young astronomer of Lan¬ 
cashire, who, about the year 1640, made many curious 
observations on some astronomical objects, and greatly 
improved that science, by the invention of the microme¬ 
ter, and by applying telescopic sights to' astronomical 
quadrants. See accounts of his inventions in the article 
Micrometer. See also my Abridg. of the Philos. Trans, 
vol. i, p. 169 , 195, and vol. x, p;’s 69 . 

Mr. Gascoigne was slain'in tlie civil wars in the lime 
of Charles 1 . 

GASSENDI (PfiTBii), one of the most cclcbralod phi¬ 
losophers France has produced, was hornet Cbuntersier, 
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about 8 miles from Dijjnc in Provcncct in the year 1592. 
\S*hen a child, he took great delight in gazing at the moon 
and stars whenever they appeared* This pleasure often 
drew hun into byc-places, that he might feast his eyes 
tu cly and iiiKlibtiirbcil; by which means his parents had 
bnn otieri lo seek* uilh mahy anxious fears and apprehen- 
sion^. in consequence of this promising disposition, he 
was sent to tlie best schools, to cultivate it with the iu- 
slructioiis of the first masters. He profited so well by 
these aids, that he was invited lo be professor of rhetoric 
at Ditjne, before he was quite l6 )cars of age. After fill¬ 
ing this office llirce years, upon ihe death vi his master at 
Aix, lie was appointed to succeed hijn hs professor of phi¬ 
losophy. After a few jears residence here, he composed 
his Pai*udo.\ical KxercuatioTis; which coming to the hands 
of Nicholas Pei use, that great patron of learning joined 
with Joseph Walter, prior of Valette, in promoting him; 
ami, having entered into holy ortlers, he was first Windc 
canon of the church of Digne and doctor of divinity, and 
then warden or rector of the same church. 

Our author's fondness for astronomy grew up with his 
years; and his leputution daily increasing, he was np- 
])ointed the king's professor of inatbcmalics at Paris in 
l6k5. I'liis institution being chiefly intended for astro¬ 
nomy, Gassendi read lectures on that science lo a crowded 
audience. However, he did not long enjoy this situation ; 
for a dangerous cough and inflammation of the lungs ob¬ 
liged him, in 1()47, to return to Digne for the benefit of 
his native air. Having thus, anti by the intermission of 
his slutlies, recovered his health, he again returned to Pa¬ 
ris in 16'53; where, after first writing and publishing the 
lives of Tycho Brahe, Copernicus, Purbacb, and Regio¬ 
montanus, in l65+ he again renewed his astronomical la¬ 
bours, with the design of completing the system of the 
heuvt ns. But while he was thus employed, too intensely 
for the feeble state of his health, he relapsed into his 
former disorder, under which, with the aid of too copious 
and numerous bleetlings, by order of three physiciims, he 
expired in the year 1655, at 63 years of age. 

Gassendi wrote against the im taphysical meditations of 
Descartes; and divided with that great man the philoso¬ 
phers of his lime, almost all of whom were either Carte¬ 
sians or Gassendists. To his knowledge in philosophy and 
iimthematics, he joined profound erudition und deep sbill 
in the languages. He wrote, 1. Three volumes on Epi¬ 
curus's pliilosopliy; and six others, which contain his 
own philosophy.—2. Astronomical Works.—3. The lives 
of Nicholas dc Pcircsc, Epicurus, Copernicus, Tycho 
Bralid, Purbach, and Regiomontanus.—4. Epistles, and 
other treatises. All his works were collected together, 
and printed at Lyons in 1658, in 6 volumes folio. 

Gassendi wus the first person who saw the transit bf 
Mercury over the sun, via, Wov. 7, 1631 ; as llorrox first 
predicted and showed the transit of Vends.—His library 


GATE, in Architecture, a large door leading or giviifg 
entrance into a city, tow% castle, palatib, or other consi¬ 
derable building. ' ^ 

Gate^, in rorUficatfon, is made of strong planks with 
iron bars to npptec an enemy. They arc generally made 
in the middle of the curtain, whence they arc seen and 
defended by the two^anks of the bastions. They should 
be covered with a gOTd ravelin, that they may not be seen 
or infila|)cd by ihe enemy. These gates belonging to a 
fortified place, arc passages through the rampart, which 
may be shut and opened by means of doors and a port¬ 
cullis. They arc either private or public. 

Private Gales, arc those passages by which the troops 
can go out of the town unseen by the enemy, when they * 
pass to and fro on the relief of the duty in the outworks, 
or on any other occasion which is to be concca^ frotu^ 
the besiegers. 

Pa6/ic Gales, arc those passages thr^gh the mi^Ie of 
such curtains to which the great rbufls or public ways j 
lead. The dimensions of these arc usually about 13 or 14 
feet high, and 9 ur 10 feet wide, continued through the 
rampart, with proper recesses for foot passengers to stand 
in out of the way of wheel carriages, * ^ 

GADGE-Lmc, a line on the common gauging-rod, used 
for the purpose of gauging liquids. See G ACCfKC-Jiod. 

GAUOE-Potn/, of a solid measure, is the diameter of a 
circle, whose urea is cxprcsscil by the same number as'the 
solid content of that measure. Or it is the diameter of a 
cylinder, whose altitude is 1, and its content the same as 
of that measure. Thus, the solid content of a wine gal¬ 
lon being 231 cubic inches; if a circle be conceived to 
contain so many square inches, its diameter will be 17*15; 
which is therefore the gauge-point for wine measure. And 
an ale-gallon containing 282 cubic inches; by the same 
rule, the gauge-point for ale measure will be found to 
be 18*95. In like manner may the gauge-point for any 
other measure be determined* Hence it follows, that when 
the diameter of a cylinder in inches is equal to the gat^ge- 
point in any tnl^asure, given likewise in inches, every inch 
in its length will contain an integer of the same measure. 
So in a cylinder whose diameter is 17*15 inches, every 
inch in height contains one entire gallon in wine measure; 
and in another, whose diameter is 18*95, every inch id 
length contains one ale gallon. 

GAUGER, an officer appcilnted by the commissioners 
of excise, to gauge, measure, or examine, all casks, lungi 
pipes, barrels, hogsheads, of beer, wine, oil, &c. 

GAUGING, the art or act of measuring the capacities 
or contents of all kinds of vessels, and determining the 
quantity of fluids, or other matters contained In thcro. 
These are principally pipes, tuns, barrels,%ui^lclsj and 
other casks; also backs, coolers, v^, &c. 


As to the solitl contents of oil primatlcal vc^Is^as 

__ ____ ____ ^ cubes, parallelopipedona, cylinders, &c, they are four^^ 

was large ami valuable: to which he added an astronomr- .by nmliiplying the area of the base by their altitude. Ana 
cal and philosophical apparatus, which, for their accuracy the contents of all pyramidal bodies, ami pones,are equa 


and magnitude, were purchased by the emperor Ferdi¬ 
nand III. —It appears by his letters, printed in the 6tb 
volume of his works, that he was often consulted by the 
most celebrated astronomers of his time, as Kepler, Lon- 
gomontanu^ Snell, licvclius, Galileo, Kirchcr, Balliaid, 
and others: and he hus'gencrally been esteemed one of 
the founders of the reformed philosophy, in opposition to 
the groundless hypotheses and empty subtleties of Ari¬ 
stotle and thetkchoolmcn. 


to l-3d of the same. ^ 

In gauging, it has been usual to divide casks into foBr 
varieties or forms, denominated ns follows, from the sup¬ 
posed frustums of solids of 

tbesam^ames: viz, 

1 . The middle frustum of a spheroid, 

2 . Thoinitl^lc frustum of a parabolic spindle, 

3 . Thowo equal frustums of a paraboloid,' 

4. Thb two equal frustums of a-conc. 
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Anil particular rules, adapted to each of those forms, 
may be foun<l in most books of gauging, and in my Men* 
surution> p. 4t^6, But as tlic form is imaginary, and 

only gueis(!<l at, it seldom happens lhat a true solution is 
obtained in tliis way ; besides which, it is very troublesome 
and inconvenient'to have so many rules to put iii prac¬ 
tice. 1 shall riiercfore give here one rule only, from 
pa. 451 of ihut book, which is oot only general for all 
casks that are commonly nicl with, but quite easy, and 
very accurate, as having been often verified and proved 
by filling the casks with a true gallon measure. 

Gtncrul Rxile^ Add into one sum, 

39 times the square o( the bung diameter, 

25 times the square of the head diamrier, and 

26 times the product of those diameters; 

,multiply the sum by the length of the cask, and the pro¬ 
duct by the number *00034; then this last product di- 
" vided hy 9 will give the wine gallons, and divided by 1 i 
. will give the ale gallons. 

Or,(39B^ -*• 25ii* SOan) x is the content in inches; 

1 i 4 

which bi'ing dividcil by S31 for wine gallons, or by 282 
for ale gallons, will beihe content. 

For Example. If, the length of a cask be 40 inches, the 
' bung diameter 32, and the head diameter 24. 

Here , - 32‘ X 39 =5 39936 

and - 24‘ x 25 = 14*^00 

ami - 32 X 24 X 26 =: J996S 

the'Sum - 74304 

multiplied by • 40 

and divld. by 114)2972160 
gives > • 26071 cubic iuebes; 

this divided hy 231 gives 112 wine gallons, 
or divided by 232 gives 92 ale gallons. 

But the common practice of gauging is performed me¬ 
chanically, by means of the gauging or diagonal rod, or 
the gauging sliding rule, the description and use of which 
here follow. 

Gauging, ^or Diagonal, Rod, is a rod or rule adapted 
for determining the contents of casks, by measuring the 
diagonal only, viz, the diagonal from the bung to the ex¬ 
tremity of the opposite stave next the bead. U is a square 
rule, having 4 sides or faces, being usually 4 feet lung* and 
folding together by means of joints. On one face m the 
rule is a scale of inches, for taking.tbc measure of the dia¬ 
gonal; to these arc adapted'the areas, in ale gallons, of 
circles to the corresponding diameters, like the lines on 
the under sides of the three slides in the sliding rule, de¬ 
scribed below. And on the opposite face are Uvo scales, 
of ale and wine gallons, cxprt'ssingvthc contents of casks 
having-the corresponding diagonals; and these are the 
lines which chiedy constitute the difTcrcncc between this 
instrument and the sliding rule; fur all the other lines 
upon it are the same with those on that instrument, and 
■are to he used.in the same manner. 

To use the Diagonal Rod. Unfold the rod q^uito straight 
and put it in at me bung hole of the cask to be gauged, 
till its end arrive at the intersection of the head and oppo¬ 
site stiive, or to the farthest possible distance from the 
bung-hole, and note the inches and parts cut by the mid¬ 
dle of the bung; then draw out the rod, and look for ^hc 
same inches and parts on the opposite face of it, and an¬ 
nexed to them arc th,c contents of the cask, both in ale and 
wine gallons. t - 

For Example.Lcl it be required to find, by (his rod, the 


content of a cask whose diagonal measures 34'4 inches; 
which answers to the cask in the foregoing example, whose 
head and bung diameters are 32 and 24, anil length 40 
inches; for if to the square of 20, half the leii;ilh, hr added 
the square of 28, hall the sum of the diiuiu ters. the square 
root of the sum will be 34 4 nearly. Now, to this dia¬ 
gonal 34'4, corresponds, on the rulC, the content ‘Jl ale 
gallons, or 111 wine gallons; which are but ) less than 
the content found by the former general rule above gixeri. 

Gauging Rule, or Sliding Rule, is a slidinc rule parti¬ 
cularly adapted to the purposes of gauging. It is a square 
rule, of four fiiccs or sides, three of whidt arc rurnished 
with sliding pieces running in grooves. ‘I'hc linc« (.n these 
faces are mostly logarithmic ones, or distances which arc 
proportiona^to the logarithms of the numbers placed at 
the ends of tliem ; which kiml of lines wns di>povi-d first 
upon rulers, by Mr. Edmund Gunter, for expidiliously 
performing arithmetical operations, using a pair of com¬ 
passes lor taking ofl'and applying the several logaritiuuic 
distances. Instead of the compasses, sliding pieces were 
afterwards added, by Mr. 'I'lioinas Everard, as more cer¬ 
tain and convenient in practice, from whom this sliding 
rule is often called Everard’s Uulc. For the more parti¬ 
cular description and uses of this rule, sec my •Mensura¬ 
tion, p. 429, 4lU ed. 

The writers on gauging are, Beyer, Kepler, Dcchalcs, 
Hunt, Everard,Dougherty, Shetllcvvorth,Shirtclifre,Lc-ad- 
bettcr, Moss, Ac. 

GAZONS, in Fortification, turfs, or pieces of fresh 
earth covered with grass, cut in form of a wedge, about a 
fool long and half a foot thick, to line or face the outside 
of works made of earth, to keep them up, and prevent 
their mouldering. 

GELLIURAND (Hekry), professor of astronomy at 
Grcsliam-collegc, was born in London the 27tli of Nov, 
1597 . He was sent to Trinity-college, Oxford, in I6l5, 
and look bis degree in arts 1619 . He then entered into 
orders, and became curate of Chiddingstonc in Kent. 
Aftenvards, taking a great fancy to mathematics, by hap¬ 
pening to hear one of Sir Henry Saville’s lectures in that 
science, he immediately applied himself to the close study 
of that noble science, and n-linquished his fair prospects 
in (he church. Content with his private patrimony, which 
was now come to his inheritance hy the death of his fa¬ 
ther, the same yea? be entered again a student at Oxfonl, 
making mathematics bis sole employment. Hu t^inde such 
proficiency in this science before he proceeded -a. m., 
which was in l623, that he drew the attention and inti¬ 
mate friendship of Mr. Henry Briggs, then lately removed 
from the geometry professorship in Grcslinm-collcgc to 
that of Savilian professor of geometry at O.vford, by the 
foumlcr Sir Henry Suville, and who, upon the death of 
Mr. Gunter, procured for oqr author the professorship of 
asironoinyjn Grcslmm<ollege, to which he was elected 
in the beginning of the year 1627- Hi.-i friend Mr. Briggs 
dying in 1630, before he had finished the introduction to 
his 1 rigononietria Britannica, he recoinniended the com¬ 
pleting and publishing of that work to our author. Gclli- 
brand accordingly added a preface, and tbv application 
of the logarithms to plane and spherical trigonometry, &c, 
aqd the whole was printed at Gpuda, under the care of 
Axlrian Vlacq, in 16'33. ' 

While Mr. Gellibrand was preparing that work, he was 
brought into trouble in the higb-comraission court, by Dr. 
laud, then bishop of London, on accountuf an almanac, 
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i)y William Uealr, scrvarit to Mr. GclUbrand, 
i'iii tlir \<‘Ar l6GI, with the approbation of Ins master. 
In fins iilman.ic, the popish ^aints^ then usually put into 
calendars, were omittid, ami the names of other saints and 
inurlyrs, mentioned in ihi* liook of Martyrs, were placed 
in their sieud, as they stand in Fox’s calendars. This, it 
Mi’in', ;ja\e much ofldice to the bishop, and occusioiicd 
the prosecution. Uiit when the cMUse came to be hcaid, 

It appeared lliat other almanacs of the same kind hud 
loinierly Incn |nintcd ; upon which, botli master an<l man 
were acquiUt'd by Aljp. Abbot and the whole court, Land 
only ( xccptcil: wlnth was'afit rward made one of the 
articles against him on his own trial. 

It seems OeflibiMtid was btr<»ngly altachcti to the old 
Plolcinaic system. I'or when he went over to (lolland, 
about tlie punting ( I Uriggss book above mentioned, he 
had some discourse with LansInTg, an eminent brother 
astronomer in Zeiihiiul, who ndirming that lie was fully 
pi-rsuadcd (d the iiuth of the Copcinican system ; citir au¬ 
thor observes, (hat this so styled a truth he should re¬ 
ceive as an h) pothesis ; and so be easily led on to the con- 
sulerutiun oi (he imbecility of man’s Hjiprehension, as not 
able nghlly to conceive of this a<lmiiable npi^co of God, 
or frame of the world, without falling foul of so great an 
absiirdil) so lirmly was lie lixed iu his a<ihcrencc to the 
Ptcjleinaic system. Gcliibiand wrote several things after 
thi>, chicily tending* to the improvement of navigation, 
which would [irobably have been further ad vancethby him, 
had his life been continued longer; but he was untimely 
carried off by a fever, in l6S6\ at 3i) years of age# 

'The character of Mr. Gellibraiui is that of a plain, plod¬ 
ding, industrious, wcU-intcnlioiicd man, with little inven¬ 
tion or genius. 11 is writings are chicHy as below. 

1 . IVigonometria Uritannicu; or the Doctrine of Tri¬ 
angles, being the 2d part of Briggs's work above mentioned. 
—2. A small tract concerning the longitude*—3# A dis¬ 
course on the Variation of tlie Magnetic Needle; annexed 
to Wrights Errors in Navigation delected.—4. Institution. 
Tri^oiuunetrical, with its application to astronomy and 
imvigution; 8vo, 1635.-5. Epitome of Navigation, with 
the necessary tables; 8vo.—0. Several manuscripts never 
published; as, The Doctrine of Eclipses, A Treatise of 
Lunar Astronomy, A Treatise of Ship-building, 6cc. 

GEMINI, in Astronomy, tbe Twins; a constellation 
or sign of the zodiac, the third in order, representing Cas¬ 
tor and Pollux ; and it is marked thus, n# The stars in 
the sign Gemini are. iu Ptolemy's catalogue 25, in Tycho's 
25, in ilcveliiuv's 38, and in the Britannic catalogue R5# 

GEMMA (Renicr), commonly called Gemma Fri- 
siiis, from his mitive country Friezland, a Dutch physi¬ 
cian and rnatlicmatieiAn,who became medical professor at 
Ixiuvain, where he died in 1558, at 50 years of age. He 
wrote, 1. Methodus Arithmetics: 2# Dc Usu Annuli 
Astionomici: 3. Dc Locorum doscribendormn Rntione, 
deque DisUntiis corum invcnicndis: 4. Demonstrationcs 
Geometric® dc usu Radii Astronomici: 5. De Astrolabio 
Caiholico Liber, &c. See further under Faisr. 

G CM It A (Cornelius), son of the former, a good astro¬ 
nomer, was born at Louvain in 1535, and died 1579« He 
wrote several tracts, as> Dc Prodigiosa Specie Naturaque 
Comets: and one on tlto star which appeared in 1577} 
Antw. 1578, in 8vo. 

GENERATE, in Music, is used to signify the opera¬ 
tion of that mechanical power in nature, which every 
sound has in producing one or more general sounds# Thus 


any given sound, however simple, produces alon^^ with 
itself, Its octave and two other sounds cxtrcmely'^sbarp, 
viz, its i2th above, that is to say, the octave of its fifth* 
and ilieoiherthe I7ih above, or, in other words, the double 
octave of its third major. 

Whether vve suppose (his procreation of sounds to result 
from an aptitude in the texture and magnitude of certain 
particles in the air, for.conveying to our cars vibrations 
that be«ar those proportions one to another, as being de¬ 
termined at once by the partial and total oscillations of 
any musical string; or from whatever mconomy of nature 
we choose to trace it; the power of one sound thus (o 
produce another, wlicn in action, is said to gencnitc# The 
same word is ap|))icd by Signor Tartini and his followers, 
to any two sounds which, simultaneously heard, produce 
u ttiird. . 

GENERATED, is used by some mathematical writers 
for whatever is produced by arithmetical operation, or in 
geometry by tlie motion of other magnitudes. Thus 20 is 
the ])roduct generated of 4 and 5 ; a5 that of a and 5, 4, 
8 , l6, &:c, the powers generated of or from the root 2, 
and a^, a^y &c, those from the root So also, a cir¬ 
cle is generated by the revolution of a line about one of 
its extremities ; a cone by the rotation of a right-angled 
triangieabout its perpendicular; a cylinder by the rotation 
of a rectangle about one of its sides, or, otherwise, by the 
motion of a circle in the direction of a right line, and keep¬ 
ing always pamllel to itself# 

GENERATING Line or Figure, in Geometry, is that 
which, by any kind of supposed motion, may generate, or 
produce, some other figure, plane, or solid. Thus a line, 
according to £ucli<l, generates a circle; ora right-angle, 
triangle, a cone, &c ; and thus also Archimedrs supposes 
his spirals to be generated by tbc motions of generating points 
and lines. The figure thus generated, is called thcGencrant# 

It is H general theorem in geometry, that the measure of 
uny generunt, or figure produced by any kind of motion of 
any other figure, or generating quantity, is equal to the 
product of this generating quantity drgwn into (ho length 
of the path described by its centre of gravity, whatever the 
kind of motion may be, whether rotalory^r direct, &c.— 
In the modern analysis, or fluxions, all sorts of quantities 
arc considered as generated by some such motion, and the 
quantity hen'by generated called a Fluent. 

GEN ER.VriON, In Mathematics, is used for the forma¬ 
tion or production o{any geometrical figure, or other quan¬ 
tities# Such as of the figure's mentioned in the foregoing 
articles, or the generation of cquatipiis, curves, solids, &c. 

• GEKFEATon, in Music, signifies the principal sound or 
sounds by which others arc produced. Thus, the lowest 
c for the treble of the harpsichord, besides the octave, will 
strike an attentive car with its 12th above, or o in alt, and 
with its 17th above, or £ in alt- The c, therefore is called 
ibeir generator, the o and £ its products, or harmonies# 
Rut in the approximation of chords, for c, ils octave be¬ 
low is substituted, which constitutes a fifth from the gene¬ 
rator or lowest c; and for B, is likewise substituted its 
15th below, which, with the above-mentioned c, forms a 
third major# To the lowest notes, therefore, exchanged 
for these in alt# by substitution, the denominations of pro¬ 
ducts or harmonies are likewise given, while the c retains 
the name of their generator# But^still, according to tbe 
system of Tarlini, two -notes in concord, which when 
sounded, produce a third, may be termed the concurring 
generators of that third. See Geneiation llarmonique, 
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par M. Rameau; sec also that delineation of Tarlini’s 
system called The Power and Principles of Harmony. 

GENESIS, in Georaclry, means much the same as oe- 
neralion lacniioned above, being the formation of a line, 
surface, or solid, by the motion or Hux of a point,iine, or 
•surface; us of a glohc by the rotation of a semi-circle 
about its diameter, &:c. In the genesis of figures, the line 
or surface which moves, is called the Dcscribciit; and the 
line round wliich, or according to which, the rcvolutioti 
or other motion is made, the Dirigent. 

GEOCENTRIC, is said of a planet or its orbit, to de¬ 
note its having the earth for its centre. The moon alone 
is properly geocentric. And yet the motions of all the 
planets may be considered in respect of the earth, or as 
they apiH'ar from the earth, and thence called their geo¬ 
centric motions.—Hence also the terms geocentric place, 
or latitude, or longitude, &c, as explained below. 

Geocentric Place, of a planet, is the place where it ap¬ 
pears to us, from the earth ; or it is a point in the ecliptic, 
to which a planet, seen from the earth, is referred. 

Geocentric Latitude, of a planet, is its latitude as 
seen from the eartli; or the inclination of a line, connect¬ 
ing the planet and the earth, to the plane of the earth’s 
(or true) cclfplic. Or it is the angle which the said line, 
(connecting the planet and the cartlf) makes with a line 
drawn to meet a perpendicular let fall from the planet to 
the plane of the ecliptic. 

Geocentric Longitude, of a planet, is the distance 
measured on the ecliptic, in the order of the signs, between 
the gcfjccnlric place and the first point of Aries. 

GEODESIA, is properly that part of practical geo¬ 
metry that teaches how to ijjvidc or lay out lands and 
fields, among several owners. 

Geoucsia is also ajqilicd, by some writers, to all mear 
•urcmcnis in the field, and as synonymous with surveying. 

Geodesia is defined by Vi^lis, as the art of measuring 
surfaces ai'nl solids, not by imaginary lines, as is done in 
geometry, but by sensible and visible things; or by the 
sun's rays, &c. 

Geodetical, something relating to the art of measHrin" 
the earth or land. . v ° 

GEOGRAPHER, a person skilled in geography. 
GEOGRAPHICAL, relating to geography, as 
Geographical Mile, the sca-milc or minute, being 
the 60tb part of a-degree of a great circle. 

OEonaAPtiiCAL jTai/e. See Map. 

GEOGRAPHY, the science tbht teaches and explains 
the nature and properties of the earth, as to its figure, place, 
magnitUile, motions, celestial appearances, &c, with the 
▼arious Ijnes, real or imaginary, on its surface.—Geogra¬ 
phy is distinguished from Cosmograpliy, os a part from the 
whole; this latter considering the whole visible world, both 
heaven and earth. And from Topography am! Chorogra- 
pby, it is distinguished, as the whole from a part, Golnitz 
Considers geography ds either c.xtcrior or interior:* but 
Varenius more justly divides it into general and special; 
or universal and particular. < 

General or Grograpiit, is that which consi¬ 

ders the earth in gcperal, without regard to particular 
countries, or the affections common to the whole globe: 
as Us figure, magnitude, motion, land, sea, &c. 

opecial or Particular Geography, is that which con¬ 
templates the constitution of the several particular regions, 
or countries; their bounijs, figure, climate, seasons, wea¬ 
ther, mhabjiBols, arts, customs, language, &c. 


G L O 

History Qf Oeogkaphv. The study and piaciice of 
geography must have commenced at a very'eailv i>erir.<| 
of the wc»rld. By ihe accfiuiils we lia>e remaining, ii ap¬ 
pears this science was in use among ihe Babylonians, Ara- 
bians, arxl Egyptians, from whom it pa>'id to the Grwks 
first of any Europeans, and from these tuccessivelv to 
the Homans, and the western nations of Europe ifero- 
doius relafc-s that the Greek* first learned the'pole, the 
gnomon, and the 12 disisions of the dav. from the* Ba¬ 
bylonian.*. But Pliny and Diogein-s l.uirtiuv assert, iliat 
Thalc-S of Miletus, in the 6th cenmrv helure Chnsr. fii't 
discovered the passage of the sun from'tr..(.lc to tropic , and 
It IS said was the author of two book*, the one on the 
tropic and the other on the equinox; both prohahlv de¬ 
termined by means of the gnomon; wlunce he was ).<1 
to the discovery of the four seasons of the year, whu h are 
determined by the equinoxes and solstices. It is howexer 
probable that he learin-d these things of the Egyptians, as 
well as his division of the yc-ar into 36'5 days. This it is 
said was invented by the second Mercury, suriiamed Tris- 
megistus, w ho, according to Eusebius, lived about 50 years 
after the Exodus. Pliny cxprosly informs us that this 
discovery was made by observing when the shadow nturn- 
ed to its marks; a sufficient proc.f that it was by the «'no- 
mon. It is also said that T hales constructed a globe,'and 
represented the land and sea upon a tabic of brass. Fur¬ 
ther, that Aijuxiinander, a disciple ofThales, first drew the 
figure of the earth upon a globe; and that Uccatseus, De¬ 
mocritus, Eudo.xus, and others, formed geographical maps, 

and brought them into common use in Greece._Melon 

and Euctemon obscrvetl the summer solstice at Athens, on 
the 27th of June 432 years before Christ, by watcliing nar¬ 
rowly the shadow of the gnomon, with the design of ?ixin<^ 
the beginning of their cycle of !<) years. ** 

rimocharis and Aristillus, who began their observations 
about 295 B. C., it seems first attempted to fix the lati¬ 
tudes and longitudes of the fixed stars, by considering their 
distances from the equator, &c. Oncofthoirobserx^tions 
gave rise to the discovery of the pfcccssion of the equi¬ 
noxes, which was'first remarked by Hipparchus about 150 
years after; who also made use of their method, for deli¬ 
neating the pnrollcls of latitude and the meridians, on the 
surface of the earth; thus lay ing the foundation of this 
science as it now apjicars. The latitudes and longitudes, 
thus introduced by Hipparchus, were not however much 
aticiided to till Ptolemy’s time. Strabo, Vilruvlos, nnd 
Pliny, have nil of them entered into a minute gcogniphical 
description of the situation of places, according to the 
length of the sbidows of ibegnomon, without notfeing the 
longitudes and latitudes. 

Maps at first were little more than rude outlines, and 
topographical sketches of different countries. The earliest 
on record were those of Sesostris, mentioned by Eusta¬ 
thius ; who observes, that “ tiiis Egyptian king, having tra- 
versed great part of the earth, recorded bis march in maps, 
and gave Copies of them not'only to the Egyptians, but to 
the Scythians, to their great astonishment." Some havq 
imagined with much probability, that the Jews made a map 
of the Holy Land, when they gave the different portions to 
the nine tribes at Shiloh: for Joshua tells us that they 
were sent to walk through the land,and that they described 
it in seven parts in a hook ; and Josephus relates that when 
Joshua sent out people from the different tribes to measure 
the land, he gave them, companions, persons well skill¬ 
ed in geometry, who could not be mistaken in the truth. 
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Tin (irociciii map on r.'cord, wii5 that of Ana\iman* 
<Ui, nuntioDi.l I)) Stiabu, bb. 1, p. 7, supposed to be the 
one relii lid lo by I !ipparcliii'> under tiie dcitgnation of the 
ancient map. 1 leindoiu^ iniiuitely describes a map maite 
l>) Anstagma^ t\rant ot Miletus, which will serve lo give 
boine iiha of the maps of those times. He relates, that 
Aii'taeoias showiil it to I’lemienes king of Sparta, to in¬ 
duce liim to attack the king of I’ersiaat Susa, in order to re¬ 
store the Ii'inaii' to their ancient liberty. It was traced 
ii]>oii brass or coi)per, and seems to have been a incjeitinc- 
i.iry, containing the route through the intermediate coun¬ 
tries wliicli wer<i to be traversed in that march, with the 
rivers Halys, the ICuphratcs, and Tigris, which Herodotus 
I'leniioti-s as necessary to he crossed in that expedition, ll 
contaiiK il one slraiglit line called the Iloyal Road or Higli- 
way, which took in all the stations or places of encamp¬ 
ment, Irom Sanlis to Susa; being III in the w hole jour¬ 
ney, and contniiiing Id,j0() stadia, or l087i Roman miles 
of 5000 feet each. 

’I liese itiiK r.iry maps of the places of encampment were 
iiidi'peiiMiijl) ii’ Cessury in all armies and marches; and 
indeed war ami navigation seem to be the two grand causes 
of the improvements, both in get>graphy and .nsivonomy. 
AtlieiuL'iis cite.> Hatloii as author of a work entitled The 
cncaiiipmenls of .Mexomler’s march ; and likewise Ajnynlas 
to the same put pose. Pliny observes that Diogiietus and 
Rj-Mon were ihe surveyors of Alexander's marches, and 
tlien (juo'les the exact number of miles according to their 
mensuration ; which lie'afterwards confirms by the letters 
of Alexander himself. Tlie same author also remarks, that 
a copy of this great monarch's surveys was given by Xc- 
iiocles his treasurer to t’alrocles the gcograpiier, who was 
admiral of tlie fleets of Selcucus and Anliochus. llis 
book on geogiapliy is often cited both by Strabo and Pliny; 
ami it appears that this author furnished Envtoslhcncs with 
tlm principal tnuterials for constructing bis map of the 
oriental part of the world. 

The first attempt to reduce geography to a regular sys¬ 
tem, was made by Kratosthenes, «'ho introduced a regular 
parallel of latitude, commencing al t’ne straits ofGibraltttr, 
and passing eastwards tbiougb the isle of Rhodes, and so 
on to the mountains of Iniliu, noting all the intermediate 
places through which it passed. In drawing this line, he 
was not regulated by the same latitude, but by observ¬ 
ing where the longest day was Id hours and a half, which 
l-lipparchus aflcrwanls determined was the latitude of 36 
degrees. This first parallel through Rliodea was ever alter 
considered with a degree .of pnjference, in constructing all 
the ancient riiaps; and the longitude of the then known 
worhl was often attempted to be measured in stadia and 
miles, according to the extent of that line, by many suc¬ 
ceeding geographers. Lratosthenes soon after attempted 
not only to d raw other parallels of latitude, but also to trace 
a meridian at right angles to these, passing through Rhodes 
and Alexandria, down to Syenc and Mcroej and at length 
he undertook the arduous task of determining the circum¬ 
ference of the globu, by an actual measurement of a seg¬ 
ment of one of its great circles. To find the magnitude of 
Ihe earth, is iinlccd a problem which has engaged iho at¬ 
tention of astronomers and geographers ever since the sphe¬ 
rical figure of it' was known. It seems Ana.ximandcr was 
the first among the Greeks who wrote upon this subject. 
ArchytosofTarentum, a Pythagorean, famous for his skill 
in mathematics and mechanics, also made some attempts 
in this way; and Dr. Long conjectures that these arc the 
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authors of the most ancient opinion that the circumference 
uf the earth is 400,000 stadia: Archimedes makes mrn- 
ii> n of the anticnts who estimated the circumference of 
the earth at only 50,000 stadia. 

Witli respect to the methods of measuring the circumfe¬ 
rence of the c.arth, it would appear from what Aristotle says 
ill bis treatise DeCccIo, (bat they were much ihesamcasthiise 
used by the moderns, deficient only in tlie accuracy of the ' 
instruments. For in that work he say*, that different stars 
puss through our zenith, according as our situation is more 
or less nnitherly; and that in the southern parts of the 
earth stars come above our horizon, which arc no longer 
visible if we go noilliward. Ilciice it appears that there 
are two ways of measuring the circumference of the earth; 
one by obbcrvini; stars which pass through the zenith of 
one place, and do not pass through that of another; the 
other, by observing some stars wliicb come above (he ho¬ 
rizon of one place, and arc observed at the same time to 
bcin the horizon ofanotlier. Tlie former of these methods, 
which is the best, was followed by Eralosllienes at Alex- 
andiia in Fg)’pt, 250 years before Christ. Me knew that 
at the summer solstice, tlic sun was vertical to the inhabi¬ 
tants of Sycne, a (own on the coiifirtcs of Ethiopia, under 
the tropic (>f Cancer, where they had a well made to ob¬ 
serve it, at the bottom of which the rays of llie sun fell per¬ 
pendicularly the day of llie summer solstice: he observed by 
the shadow of u wire set perpendicularly in an hemispherical 
bason, how far the sun was on that d.iy at noon distant frUm 
the zciiilii of Alexandria; and found that distance to be 
ctjiml lo the 50tli part of a great circle in the hcavcfts. Then 
supposing Sycne and Ale.xatidi ia under the same meridian, 
ho infened that the dis(nnc9 bctwien them was the 50th 
part of a great circle upon the earth; and this distance 
being by mewure 5000 stadia, he cniicluded that (he whole 
circumference of the earth was 250,000 stadia. But as 
this number divided by 360 would give 69+J stadia lo a 
degree, either Eratosthenes himself, or soii>c of his fol¬ 
lowers assigned the round number 700 stadia (o' a degree; 
vvbicli multiplied by 360, njakes the circumference of the 
earth 252,000 slutlia; whence both tliese measures are 
given by different authors, as tliat of Eroloslhenes. 

In the liroeof Poinpey the Great, Posidonius determined 
the measure of the circumference of the earth by the 2d 
method above hinted by Aristotle, viz, the borizontal ob¬ 
servations. Knowing that the star culled Canopus was 
but just visible in the" horizon ofllliodcs, and at Alex- 
onffria finding its meridian height was thc48th part ofa 
great circle in the heavens, or 7i degrees, answering to the 
like quantity of a circle on the earth: he by considering 
these two places under the meridian, and the distance be¬ 
tween them 5000 stadia, concluded the circumference of 
the earth to be 240,000 stadia ; which is the firat measure - 
of Posidonius. But, according to Strabo, Posidonius made 
the measure of the earth to bo 180,000 stadia, at the rate 
of 500 stadia lo a degree. The reason of this difference is 
thought to be, that Eratosthenes measured the distance 
' between Rhodes’and Alexandria, and found it only 3750 
stadia.: taking this for a 48th part of the earth’s circutn- 
forcncc, which is the measure of Posidonius, fhc whole cir¬ 
cumference will bo 180,000 stadia.- This measure was 
received by Marinus of Tyre, and is usually ascri^d to 
Ptolemy. It is to be observed, however, that this 
tliod of determining the circumference of the earth is sub¬ 
ject to great uncertainty, boiK on account of the great 
refraction of the stars near the horizon, the difficulty of 
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mca>UTUic> tUc distance at sea between Rhodes and Alex¬ 
andria, and by supposing those places under tlie same 
meridian, when they arc really very different. 

Several geographers afterwards made use of the«lifforent 
Leights of the pole in distant places under the same mc- 
ridjan, to lind the dimensions of the earth. About the 
year SOO, the khalif Almamun had the distance ineusund 
between tx\o places that were 2 degrees asiin«ler, and under 
the same meridian in the plains of binjar near the Red 
Sea. And the result was, that the degrccaione time was 
found equal to 56 miles, and at another 56^ or 56}^ miles. 

'I he iie.xtaltcmpt to ascertain the circumlerence of the 
earth was in 1525, by f^rnclius, a learned philosopher 
of France. For this purpose, he took the height of the 
polcalParis, going from thence directly northwards, till 
he came to the place where the height ot liic pole was one 
degree more than at that city. The length of tl.e way 
was measured by tiie number of revolutions made by one 
of the whfccls ofliis carriage; and after proper allowances 
for the declivities and turnings of the road, he concluded 
that 6S Italian miles wen-equal to a degree oo the earth. 
According to these methods many other measurements of 
the earth's circumference have since that time been made, 
with much greater accuracy: a particular account of 
which is given under the article UEOnEE. 

'I’hough the maps of Eratosthenes were the best of his 
time, they were yet vcry.imperfect and inaccurate. They 
contained little more than the states of Greece, and the 
dominions of the successors of Alexander, digested ac¬ 
cording to the survejs abovementjoned. Ue had iiwleed 
wen, and has quoted, the voyages of Pythias into the 
great Atlantic nceaj), which gave him some faint idea of 
the western parts of Euiope; but so iniperfeci, that they 
could not be realised into theoutlines ut a ch||t. Strabo 
•ays he was very ignorant of Gaul, Spam, (^many, and 
Britain ; and lie was equally ignorant of Italy, the coasts 
of the Adriatic, Pontus, and all ihi- countries tow ards the 
north. Such was the state of geography, and the nature 
of the maps, before the time of I iipparebus, 

^ War lia.s usually hceji the occasion of making or impro* 
ving the map9 of countries; and accordingly geography 
ma<le great advances from the progress of the Uoraan arms. 

In all the provinces occupied by that people,camps were 
every wliere constructed at proper intervals, and good 
COads made for communication between them; and thus 
were civilUation and surveying carried on nccorditig to 
system, through the whole, extent of that large empire. 
Every new war produced a now survey and itinerary of 
the countries where the scenes of action passed ; so that 
the materials of geography were accumulated hy every ad¬ 
ditional conquest. Polybius obU-rves, that at the begin¬ 
ning of tho second Punic war, when Hannibal was pre¬ 
paring bis expedition against Rome, tho countricsthrougb 
which he was to march were carefully measured by the 
Romans. And Julius Cssar caused a general survey of 

Homan empire to be made, by a decree of the senate. 
Three surveyors had this task as.sigiicd them, which they 
coiQpletcd in 25 years. The Roman itineraries that are 
siill extant, also show what cafe and pains they had em¬ 
ployed in making surveys in all the different proviucc* of 
tbcircmpifl; and Pliny Las ailed the fld, 4tb, and 5th 
books of bis Natural History with the Geographical tU»- 
tanccs that were thus measured. Othdr maps are also still 
P^*^.*^®*^* known by tbc name of the Pcntlogerian Tables, 
pubusbed by Welser and Bertlus, which give a good spe- 
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ciuietlof uhat V\-gc tias calls the Itinera Picia, fur the b.-(- 
tcr direciioji uf tlair armies in then oiarcli. 

1 lie Roman empire bad been enlarged to its greatest 
c.xlent, and all iu provinces well known and surveyed, 
when Ptolemy, about 150 yean, alter Christ, composed lin. 
system of geography. 1 he ch:-!' maieriuls be einpluve.l 
in composing this work, were the proportions of tin- gnoinoa 
to its shadow, taken by diflereiit asitononu-rs at the time» 
td the cquino.ves and stilstices; c.ilculatioin founded on 
the length of the longest d.nys ; ilie measured or computed 
distance of the principal roads contained in their surveys 
ami itineraries; and the various reports of travellers and 
navigators. All these were Compared together, and di¬ 
gested into one uniform body or system ; and afterwards 
were translated by him into a new mathcrnalicul language, 
expressing the different degrees of latitude and longitude, 
alter the invcnlion of Hipparchus, which bad continued 
to be neglected for 250 years. Ptolemy's system of geo¬ 
graphy, notwithstanding it was still very iinjicrfect, con¬ 
tinued in vogue till the last three or four centuries, within 
which time the great improvements in astronomy, the many 
discoveries of uew countries by voyagers, and the pro¬ 
gress of war and anus, have contributed to bring it to a 
very considerable degree of perfection; the particulars of 
which will be found treated under their respective articles 
io this work. 

Among the moderns, the chief authors on ihesubjcct of 
geography are Johannes de Sacrobosco, or John Halifax, 
who wrote a treatise on the sphere; Sebastian Munster, 
in his Cosmogruphia Universalis, in 1559 t Clavius, on 
the sphere of Sacrobosco; Piccioli’s Geographiaet Ilydro- 
graphia Reforinata; Weigclius's Speculum Terr*; De- 
cbales's Geography, in his ftfuiidus Mathematicus j Cel- 
hirius’s Geography ;Cluverius’s Introductio in Uiiiveream 
Geographiam; Ivcibnccht’s HIcmenia Gcographiie gcou- 
ralis; Stevenius's Compendium Oeographicum ; Wolbus's 
Gcograpbia, in hisElement.aMalbeseos; Busching’s New 
System of Geography j Gordon's, Salmon's, Guthrie's and 
Myers's Grammars; Adams’s Geography, ancient and 
modern] and Pinkerton's Geography, lately published in 
two volumes 4to, with an introduction by Professor Vince 
of Cambridge. But the most scientific and systematical 
work of all is Vareniuss Gographia Gcncralis, with Ju- 
rin's additions. And it is much to be wished that some 
gentleman of proper qualifications would publish a new 
edition of this admirable performance suited to the present 
state of (bescience. Dr. Playfair has recently published 
a System of Geography, which is in many respects a very 
valubblo performance; and perbaj'is best of all, in French, 
Fresiioy's most excellent work. 

GEOLOGICAL, relating to tbc subject of Geology. 
GEOLOQY, is that part of natural philosophy ^ich 
treats of the structure of tha earth, in regard to the origin, 
constitution, and the composition oF its solid contents. 
GEOMETER, or Gbometkiczax ; which see. 
GEOMETRICAL, something that has a relation to 
geometry, or done after the manner, or by the means of 
geometry. As, a geometrical construction, a geometrical 
curve, a geometrical demonstration, genius,line, method, 
geometrical strictness', &c. 

GBOMETRiCALC9iw/n/cti»a,ofanequalion, U^thedraw- 
ing of lines and figures, so as to express by them* the same 
generol property and relation, as arc denoted by the al¬ 
gebraical equation. SecCpxsTBUCTioN ^Eptaiioiu. 
Geometrical Curve orLinc, called also un/ilgcbroicai 
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ortf, is that in which the relations between the abscisses 
and ordinates may be exprcssid by a finite algebraical 
C(|intion. Sec Ate; f. nn aical O/rre/. 

(»r:o M RTniCA L as observctl by Newton, arc 

distinguislu d into classes, orders, ofgviuTa, according to 
the number oj the dimensions oftlie equation that expresses 
the relation between the ordinati^ ami abscisses ; or* 
which comes to tiie same tiling, accordin<; to the number 
ot points in which they may be cut by a right line. Thus, 
a line of the first or<lcr, is a rigid line,since it can be only 
once cut by another right line, and is expressed by the 
simple equation y ->• oj i = 0 : those of the 2d, or 
quadratic order, w ill be the circle, and the conic sections, 
since all of these may bo ent in two points by a right line, 
^n<l expressed by the equation y- -k {ax h- 6)y h- cjr* -k 
dx c ^ 0 : those of the 3d or cubic order, w ill be such 
as may be cut in 3 points by a right line, whose must 
gcm ral equation is y -+• (ax -h 6) y* -e {cr^ -4- dx h- c)y 
H- Ar -+- / = 0; as the cubical and Neilian 
parabola, thccissuid, &c. And a line of an infinite order, 
is that which h right lino may cut in infinite points: os 
the spiral, the cycloid, ihi' quadratrix, and every line 
that is gcncral<'d by the infinite revolutions of a radius, or 
circle, or wheel, &:c. In each of the above equations, 
X is the absciss, y its corresponding ordinate, making any 
given angle with it; and «, A, c, &c, are given or Con¬ 
stant (juuntitii's, ufibeted with their signs •¥- and of 
which one or more may vanish, bo wanting or equal to 
uoihing, provided that by such defect the line or equation 
does nor become one of an inferior order# 

It is (o be noted that a curve of any kind is denominated 
by a number next less than the line of the same kind: 
thus, u curve of the Ist order, (because the right line 
cannot be reckoned among curves) is the same with a line 
ol the 2d order; and a curve of the 2d kind, the same 
w ith a line of tlic 3d order, &c. Woought likewise toob- 
srrve, tfiat it is not so much the equation, as the construc¬ 
tion or description, that makes any curve, geometrical 
or not. 1‘hus, the circle is a geometrical line, not 
because it may be expressed by an equation, but be* 
cause its description is a postulate: and it is not the 
simplicity of the equation, but the easiness of the descrip* 
tion, that is to determine the choice of the lines for the 
construclicin of a problem. The equatinn that expres^^ 
a parabola, is more simple than that which expresses a 
circle; and yet the circle, by reason of its more simple 
construction, is admitted in preference. Again, the circle 
and the conic sections, with respect to the dimensions of 
the equations, are of the same order ; and yet the cfrcle 
is not numbered witli them in the construction of problems, 
but by reason of its simple description is depressed to a 
lower order, viz, that of a right line ; so that it is not im¬ 
proper to express that by a circle, which may be expressed 
by a right line ; but it is,a fault to construct that by the 
ctmic sections, which may l)u constrncted by a circle. 
Either, therefore, the law must be taken from the flimcn* 
sions of equations, as observed in a circle, and so the dis¬ 
tinction betaken away between plane nn<l solid problems; 
or the law must be a!lowe<l not to be stiiclly observed in 
lines of superior kinds, but that some, by reason of ibeir 
more simple description, may be preferred lo others of the 
samcordcr, and be numbered with lines of inferior ordprs. 

In constructions that arc equally geometrical, tho most 
simple arc always to be preferrod: and this law is so unt- 
vcfsal as to be without exception. But algebraical ex¬ 


pressions add nothing lo the simplicity of the construction; 
the bare descriptions of the lines here arc only lo be con¬ 
sidered ; and these abne were considered by those geome¬ 
tricians who joine d a circle with a right line. Ar>d as 
these are easy or hard, the cor)struction becomes easv or 
bard: and therefore it is foreign to the nature of the thing, 
from any other circtimstance to Cilablish laws ndating to 
constructions. 

luthcr, therefore, with the ancients, we must exclude 
all lines besides the circle, and peiliaps the conic sections, 
out of geometry ; or admit nil, according lo ihcsimplicily 
of the description. If the trochoid were admitted into 
geometry, wc might by moans of it divide an angle in any 
given ratio; would it be right therefore to blame those 
who would make use of this line lo divide an atigic in the 
ratio of one number to another; and contend, that you 
most make use only of such Uni'S as ar<* defined by equa¬ 
tions, and therefore not of this line, which is i^ot so de¬ 
fined ? If, w*ben an angle is proposed to be divided, fur 
inMance, into 10001 parts, wc should be obliged to bring 
a curve defined by an equation of more than 100 dimen¬ 
sions to perform the same ; which no body could describe, 
much less undeistand ; and should prefer this to the tro¬ 
choid, which is a line well known, and easily described 
by the motion of a wheel, or cifcle: who would not see 
the absurdity ? 

The trochoid therefore is cither not to be ndniittcd nt 
all in neomi'lry, or else, in the construction of problems, 
it is to be preferred to all lines of a more diflicult descrip¬ 
tion ; iind the reason is the same for other curves. Hence 
the triscclion of an angle by a conchoid, which Archi¬ 
medes in his Lemmas, and Pappus in Iris Collections, 
have preferred to the inventions of all others in (his case, 
must bcallo^id as good ; bvcuuse vvcinust either exclude 
ell lines, baidc the circle and right line, out of geometry, 
of admit them according lo the simplicity of their de¬ 
scriptions; in which case the conchoid yields to none, ex¬ 
cept the circle. Equations arc expressions of urilliineiical 
computation, and properly have no place in geometry, 
excepting so fnr ns quantities truly geometrical (that is, 
lines, surfaces, solids, and proportions) may be said to 
be some equal to others. Multiplications, divisions, and 
such like computations, are newly reccivcnl into geometry, 
utui that unwarily, niid contrary to the first design of th(s 
science. For whoever Considers the construction ofpro- 
blems by n right line and a circle, discovered by the lirit 
geometricians, will easily perceive that geometry was in¬ 
troduced for the purpose of avoiding the tediousness of 
computation. For which reason tho ^wo sciences ought 
.not (n be confounded togpthcr: the ancients so carefully 
diUiiigtiislicd between them, that they never introduced 
arithmetical terms into geometry; and the moderns, by 
blending them, have lost tho simplicity in which all the 
elegance of geometry consists. In shoit, that is arithme¬ 
tically more simple, which is determined by the more sim¬ 
ple equations; but that’ is gromclrlcHlIy moresimplc, which 
is dctcimincd by the more simple drawing of lines; and 
in geometry that ought to be reckoned l>est which is ge<^ 
metrically most simple. Newton's Ariih. Univers. appen¬ 
dix. See Curves. 

Geumetricax Locttj, or /Vacc, called also limply Lo¬ 
cus, is tho palh or track of some certain'geometrical de¬ 
termination, in which it always falls. See Locus. 

Geouethical Medium. Seo Msoiuu. 

Geometuical Method qf the Ancientt. Tbeancients 
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«tablis>hcd ehe higher parts of their geometry on thcsanjc 
principles as the elenienfi of that science, by demonstra¬ 
tions of the same kind ; atid they weie careful not to sup- 
poscany thing done, till by a previous problem they bad 
shoivii that it could be <lone by actual operation. Alucb 
li-ss did they suppose any tiling to be <lone that cannot be 
conceived ; such us a line or series to be actually con¬ 
tinued to infinity, or a magnitude diminished till it be¬ 
come infinitely less than what it is. The elements into wbieb 
they resolved magnitude.s were finite, and such as mi<»ht 
1 h> conceived to boreal. Unbounded liberties have of Ute 
been introduced ; by which geometry, which ought to be 
perfectly clear, is filled with mysteries. Matluurin’s I'lux- 
iou, tntrod. pa. 39. ^ 

Geometrical Pact, is a measure of 5 feet long. 

Geometuical Plan, in Architecture, bee Plan. 

Geometrical Plane. See Plane. 

Geometrical Progression, a progression in which the 
terms have all successively ilic same ratio: as 1, ij, 4, S, 
16*, &c, where the common ratio is 2.—The general and 
common property of a geometrical prngressiuu^Js, that the 
product of any two terms, or the square of any one single 
term, is equal to the product of every other two terms 
that are taken at an equal distance on both sides from 
the former. So of these terms, 1,2,4, 8, l6, 32, 64, Ac, 

1 X 64 = 2 X 32 = 4 X 16 e= 8 x 8 = 6*4. 

In any geometrical progression, if 
a denotes the least teem, 

* the greatest term, 
r the Common ratio, 
n the number of the terms, 

« the sum of the series, or all the terms; 

then any of thcsq^uantilics maybe found from the others, 

by means of these general values, or equations, viz, 

r = 
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VVhen the series is infinite, then the least term a is nothing, 
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See Progression. 


OeOMETBiCAL Proportion, called also simply Propor¬ 
tion, is the similitude or equality of ratios. 

Thus, if o: 6:: e ; d; or a: i s= c: d, the terms a, b, c, d 
are in geometrical proportion; also 6,3, 14, 7»arc in goo- 
metrical proportion, bccausc6: 3 :: 14:7,or 6:3 =; 14:7. 

In a geometrical proportion, the product of the ex¬ 
tremes,or Island 4tb terms, is equal to the product of the 
means, or the 2d and 3d terms: to adss be, and 
6 X 7 = 3 X I4=s42. See Proportion. 

Geometrical ySo/tftion, of a problem, is when the pro- 
blem is directly resolved according to the strict rules and 
principles of geometry, and bylines that arc truly geome¬ 
trical. • Thisjexprewon is used in contradistinctira to an 
arithmetical, or a mechanical, or instrurafhtal solution; 
the problem being resolved only by a ruler and compasses. 
“^Tbesame term is also employed in oppusitioD to all in¬ 
direct End inadequate kinds of solutions, as by approxi¬ 
mation, infinite series, &c. So, wc have no geometrical 


way ol finding the quadiature of the circle, cbe Jiiplica- 
ture ot ibe cube, or two mean piopnrlionaK; though 
there arc mccbanical ways, and others, by in finite series, Ac. 

Pappus informs u'^, that ilic* mn lents endeavoured m 
vain to trisect an angle, and to lind out two mean propor¬ 
tionals, by means of the nglu line and circle. Afu rwards 
they began to consider the properties of several other line*; 
as the conchoid, the cissoul, and.the conic sections ; and 
by some of these they endeavoured to revolve vomc of those 
problems. At length, having more thoroughly examined 
the matter, and the conic sections being roceivi d into g<'o- 
molry, they distinguished geometrical problems and solu¬ 
tions into three kinds; vi^, 

I. Plane ones, which, deiiving their origin from lines on 
a plane, may be properly resolved by a right line and a 
cncle.—2. Solid ones, which arc resolved by lines deriv¬ 
ing their original from the consideration of a solid ; that is, 
of a cone.—3. Ltnear ones, to the solution of w hicb are re- 
quiit-d lines more compounded. According to this dis¬ 
tinction, wc are not to resolve solid problems by other 
lines than the conic sections; especially if no other lines 
besides the right line, circle, and the conic sections, must 
be received into geometry. But the moderns, advancing 
much farther, have received into geometry all lines that 
can be expressed by equations; and have distinguished, 
according to the dimensions of the equations, those lines 
into classes or orders; and have laid it dowrr as a law, not 
to construct a problem by a line of a higher order, that 
m^ be constructed by one of a lower. 

Geometrician, or geometer, a person skilled 
in, or professing geometry. 

GEOMEl RY, the science or doctrine of local exten¬ 
sion, as of lines, surfaces^ and solids, with that of ratios, 
name geometry literally signifies measuring of 
the earth, as it was the qccessity of measuring the land that 
first gave occasion to contem()latc the principles and rules 
of this art; which has since been extended to numberless 
other speculations; insomuch that, tugciher with arith- 
inetic, geometry forms now the chief foundation of all the 
mathematics. 

The invention of gcomeliy, like many other things of 
antiquity, is variously ascribed. 

Hrroddtus (lib. 2), Diodorus (lib 1), Strabo (lib. 17), 
and Proclusassign it to tlie Egyptians, and assert ihuithe 
annual inundations of the Nile gave occasion to it; for* 
those waters bearing away tbc bounds and land-marks of 
estates and farms, covering the face of the ground uni¬ 
formly with mud, the people, sny they, were obliged every 
year to distinguish and lay out their lands by the consi¬ 
deration of their figure and quantity; and thus by o.x- 
pcriencc and habit tlicy.formod a method or art, which 
was (he origin of geometry. A farther conicmplation of 
the draught of figures of fields thus laid down, and plotted 
in proportion, might naturally lead them to the discovery 
of some oftheir excellent and wonderful properties ; which 
speculation continually improving, the art succi’ssively 
gained ground, and made advances more and more to¬ 
wards perfection. 

Josephus however seems to ascribe the invention to the 
Hebrews: and others of the ancients make Mercury the 
inventor. Polyd. Vi^il, de^Iiivent. Rcr. lib. 1, cap. ts. 

i^om Egypt, this science passed into Greece, being 
carried thither by Thales; where it was much cultivated 
and improved by himselfl^ also by Pyth^oras, Anaxa¬ 
goras of Clazoraeiie, HippRrates ofChio$,and Pluto, who 
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tfslifud fiis convirtinn of ihc necc^^sity and imporunce of 
geonK try \n the vuciTs^lul study of pfiilosophy, by this in- 
scnption over the door of lus acnderny, “ L^l nooiieigno- 
runt uf gctmu'iry ei-Jer here/' Philo thought the ivor<l 
gi oinetry loo mean a name f<»r this science, nnd sub- 
^IJtlifed instead of it ihe more oxlensise name of Mensu¬ 
ration ; and uitvr him others gave it the title of Panto- 
meti). But vwn these arc now ln*coinc too scanty in 
tiu'ir iin[>(»rt, tully to comprehend its eNterit; lor it not 
cmiy iiH|ijires into, and demonstrates tliequaiititicsofinag- 
nitiules, but also Uieir qualities, as the species, tigures, 
ratios, prsirions, ti ansfonnations, descriptions, divisions, 
the finding of their centres, <liamctc*rs, tangents, asym¬ 
ptotes, cnrviilure, &:c* Sonu* again dehiie it as (he science 
of inquiring, inventing, and demonslrating all the affec¬ 
tions of magnitude. And Ffoclns ralK it the knowledge of 
magnitud<‘s and futures, with their limitations ; as also of 
tlitiv ratios, urtVctions, positions, and motions fffevery kind* 

About 30 )cars after Plato, liw'd Euclid,who collected 
togvllicr all ihf.se fheoronis which had been invented by 
his pfedi'cevsors in Egypt un<l Greece, an<l dige^sted them 
into 15 books, cnlled ihe Elements of Geometry ; demon- 
strafing and HI ranging the whole in a scry accurate and 
perfect manner, ‘Mic next to Euclid, of those ancient 
writers who>e works arc i^xtunt, is Apollonius Perg®iis, 
who flourished in (he time of i^lolerny ICucrgetcs, about 
230 years befon* Christ, and about 100 years after Euclid. 
He was author of the first and piint^ipa) work on Conic 
Sections; on account of which, and his other accurate 
ami ingimioiis geometrical writings, he acquired from his 
patron the eniphatical appellation of ** The Great Geome¬ 
trician." Contemporary wiih Apollonius, or perhaps a 
few years before him, flourished Archimedes, celebrated 
for his mechaniciil inventions at the siege of Syracuse, and 
not loss so for Ills very ingenious geometrical compositions. 

We can only mention Eudoxus of Cnidus, Afehytasof 
1 arentum, Philohus, Eralosthciics, Aristarchus of Samos, 
Dinoslrauis, life inventor of the quaciratrix, Muicchmus, 
his brother and llie <lisci[dc j'f Plato, the two AristcusS, 
Conon, I'hracidius, Nicoti lc^, Leon,'rhciidius, Hermo- 
tiinus. Hero, and Nicoinedes the inventor of the conchoid; 
besiiles wlioin, there are many other ancient gcomctri- 
ciun*^, to whom this science has been indebted. 

The Greeks continued their attention to it, oven after 
they were subdue<l by (he Romans. Whereas the Romans 
themselves were so little acquainted with it, even in the 
most flourishing time of their ropubiic, (hat Tacitus'in¬ 
forms us they gave the name of mathematicians to those 
who pursued the chimeras of divination and judicial asiro- 
Ingy. Nor does it appear (hey were morc*disposcd to cul¬ 
tivate geometry during the decline, and after the fall of 
the Roman empire. But the case was different with (he 
Otcvk^\ among whom arc found many excellent geome¬ 
tricians .-ince theicommcucemcnt of the Christian era, and 
after the translation of the Roman empire. Ptolemy lived 
under Marcus Aurelius; and wc have still extant the 
works of Pappus of Alcxnndriu, who lived in the time of 
Theodosius; ihe comim ntary of Eulocius, the Ascalcftyte, 
who lived about the year of Christ 540, on Archiniedcs^s 
mensuration of the circle; uiid the commentary on Euclid, 
by ProdU5, who lived underempire of Anas.tasius. 

The consequent inuiidatioirof ignorance and barbarism 
was jnlHvourablc to geometr^as well qs to the other 
tcienccs; and the few who ^plied themselves to (his 
icience, were calumniated as tbagicious. Hotvever^ in 


those times of European di^rkni^ss, (he Arabians were di< 
tiiiguishid av the gnardians uml promoters of science, and 
Irofo the 9(h to tijc 14ih century, (he) product'd many 
aslionomers;geometricians, geographer-, ; from wlioai 
ilic inaihematical ^cicnc<•s werca*»ain received into Spain, 
Italy, and the rest of Europe, som(*w*hat before the year 
1400. Some of the earliest writers after this periofi, arc 
lA*onardus Pisanus, Lucas Pueiolus or l)c liurgo, and 
olhen> between 1400 and 1500. And after tbi^ ap{it*ared 
many editions of Euclid, or cummcntarics upon him: thus, 
Oiontius Fina^us, in 1530, |)ublishrd a commentary on the 
fir^t 6 books; us did James Pidclarius, in 1567^ and about 
(he same lime Nicholas lartiiglia published a commen- 
lary on (he whole 15 books. TIure have been aUfl0i)ic 
editions, or commentaries, of Commaniline, Cluvius, Uil- 
lingsly, Schcu>>clius, He^linu^, Da^ypndius, Hanuis, fieri- 
gon, Slevimis, Suvilic, Barrow, 'I'aquct, Dechalis, Fur- 
nier, Scarborough, Kcill, Stoin‘, Pinyfsiir,and mafivothers; 
but the complelcst cditii ii of all the work^ of I^clid, is 
that of Dr. Grefiory, printed ni Oxford 1703, in Greek 
and Latin i^thc edition of Fucltdi by Dr. Bobert Simsoh 
of Ghn^go^^ContHiniiig the fiist 6 books, with the 11th and 
12 th, is much esleeincd for ii> correctness. The principal 
other elementary w ritcr«, besides the editors of Euclid, are 
Borelli, Purdies, Marchetti, Wolfius, Simpson, Leslie,&C. 
And among those who lia>c gone beyond Euclid in the 
nature of the tienioiitary parls of Oeomoiry, may be 
chiefty reckoned, A|jollonius, in hi^Conics, his Loci Plani, 
Dc Scctioiio Deirrmin>iU«, his 'rangencics, Inclinations, 
.Section of a Ratio, Section of a Space, Ac; Archimedes, 
in h^ treatises of the Sphere and (Cylinder, the Dimcnsioiv 
of the Circle, of Conoids and Sphrroid>i of Spirals, and 
the Quuilrature of (ho pHrab<da; ^eodosius, in bis 
Spherics; Serenus, in his Sections of the Cone and Cy¬ 
linder; Keplers Nova Sicrromeiriu; CavalloHus's Geo- 
mt lria Indivisibilium; Torr.celti’s Opera Geomelrtca; 
Viviani, in his Divinationcs Geometrical, Exercilatiti Ma- 
ihematica, Do I^ocis Solidis, I)t* Maximis et Minlmts, &c;. 
Vieta, in his Kffectio Gcomctiica, Supplement.Geomclria^, 
.Scctiones Angnlores, Respomum ad Probloma, Apollonius 
Gallus, &c; Gregory St. Vincent’s Quadratura Circuli; 
E'crmai’s Varia Opera Mntlicmntica^; Dr. Barrow's Lce- 
tioncs Geometries; Bulliald do Lincis Spiralibtis; Ca- 
vulerius; Schooten and Gregory's E.xcrcifationcs'Geu- 
metricffi, and Gregory's Pors Universnlis,&c; Dc Biiyk 
treatise Dc Piuporrioiie Harmonica; La Loveras Gco- 
roetria vetcrum promota; Slusiiis's-Mcsnlabium, Problc- 
mnta'Solida, Ac ; Wallis, in his treatises .Do Cycloidc, 
Cissoide, Ac; Dc Proportionibua, I>e Scc(ionibusCiiuicis>^ 
Arithmctica Inlinitorum, De C^tro Grovitatis, De Sccik. 
onibus Angularibus, I)c AnguloXonUctfls, Cuno-Cuneus, 
Ac; Hugo De Omerique, in his Analysis Geometrica; 
Pascal on the Cycloid ; Step. Angcli's Problcmaia Goo- 
melrica; Alex. Anderson's Supph ApoUonii' Uedivivi, 
Variorum Problcmutum Practice, Ac; Barunius's Geo- 
met. Prob. &c; Guido Grand! Gcomeir.l)emonsir« Ac; 
Ghetnttii Apollonius'Redivivus, Ac; Ludolph van Colen 
ot. a Ceulen, dc Circiilo et Adscriptis, Ac; Snell's Apol¬ 
lonius Batavus, CyclomeCticus, Ac; Herbentein's Dio- 
toTDC (^rculoruro; Palma's Excrcit* in Geoi\\etriani; Gul- 
dini CcntK>-&rica; with several olhm equally eminent^, 
of more modern date, as Dr. Rob. Simson, Dp. Mat.. 
Stewart, "ttio. Simpson, John Leslies Legendre, Ac» Since 
the introduction of the new gcametr^, or the geometry of 
curre Hues, as expressed by algebraical equations^ in this.s 
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part of geometry, the Aillowing names, among many others, 
are more especially to Le respocU'cJ; viz, Descartes, 

Schooten, Newton, Maclauriu, llrackenriclge, Cramer, 

Qptes, Waring, iX:c, &c.—As to the subject ot practical 
geometry, the duel writers are Bi yer, K' pkr, Uaiiai>, 

Clavius, Mallet, 'raccjuet, Ozunain, Wolfius, 6ieg«>ry, wuli 
iunumcTable others. 

Geometry is distinguished into theoretical or specula* 
tive, and pmcticaK 

Vtcor<ticnl or Specu/udre Geometrv, treats of the va¬ 
rious propertfo and relutious in jiiagniludes, demonstru- 
ling the theorems, &c. And 

tracficnl Geometry, is that which applies those spe¬ 
culations and theon^ins to particular U!<cs in the solution 
of proldems, and in tlie measurements in the ordinary con¬ 
cerns i.f hie. 

Speciihiti\c fleomclry again may be divided into ele¬ 
mentary and suLltme. 

B!cm€niary nr Common Geom etrv, is that which is em¬ 
ployed in the cousidoratKin ot right lines und plane sur¬ 
face s^w it lit Ijo solids generated troin them. 

Higher OT Sul/iimc Geombtiiv, is that which is em¬ 
ployed in the consideration of curve lint's, conic sections, 
and the bodies formed of them. 'Phis part has been chiefly 
cultivated by the moderns, by help of the improved state 
of alg(*bra, and the modern analysis or fluxions. 

Descriptive Geometuy, a oaiiie given to u new species 
of geometry, chiefly treated on by M. Mongc. When one 
surf^aCe penetrates anothfT, there often result from (heir 
intej>crtior) curves of double curvature, the description of 
which is,necessary in some of tin* arts; as, in groined 
vault-work, and in editing arch stunes, or wood-cutting, 
for ornamental work, &c, the form of which is ofu n very 
fantastical and complicated: it is in the solution of pro¬ 
blems relating to these subjecls that descriptive geometry 
is chiefly useliiL 

Some architects, more versed in geometry tlian usual 
with persons f)f that profc'ssion, have huig since thrown 
MfSiv light on the first principles of this kind of geometry. 

There is, fftr justq|ice, a wtirk by a Jibuti named Father 
Courcicr, showing h<>w to describe the curves resulting 
from the mutual penetration of cylindrical, spherical, and 
Conical surfaces; this work wa$ published at Parissin 
t66'3. P. Derand. M. Joussc, Frazier, &r, had also con- 
Uibuted a little towartK ilie promotion of this liranch of 
geometry. But Mongo has given it very great extension, 
n6t only by proposing and resolving various probh'mv both 
curious and difficult, but by the invention of several new 
and interesting theorems. Wo can only mention in tliis 
place one .or two of these. As, 1st, Two right lines being 
given in space, which arc neither parallel nor in the same 
plane, tciiflnd in both of (hem the points of their least dis¬ 
tance, nnd^the position of. the line joining these points. 

2d, 'J'hrcc spheres being given in space, to determine the 
poiitioji of the plane which touclu's tliem. I'herc are also 
curious problems relative to lines of double curvature, 
and to surTaces resulting from the application Of a right 
line that leans continually upon two or three others given 
in pbsitionlii space. Among the theorems, the following 
may be mentioned: If a plane surface, aiveD.in^pnce, be 
projected on three planes, the one liorizcmtQl, and the two 
others vertical and perpendicular to ea^h other, the square 
of that «urlace will be ecjual to the sum of Uye squares of 
the three surfaces of projection* This theorem is as in- - From the abdve solution the division of the circum- 
tk/esiing in the geometry of solids^^ that of Pythagoras fcrcnce into 8 eqv^o! parts is readily derived.* For from 


(Lucl. I, 47) IS in plane ^comctiy. Bui for more on this 
subj^ ci, rekTi‘nce may bi* made lo Monge's and Lacroix’s 
ingenious works on (»coiin-tric l)rscriplivr. 

O r.o.M El BY (/u- Vomptiucx, a ntw species of geometry, 
more ing. nious than pr..|ound or usetui, latt-ly proposed 
by the Abbe Mascheroni. Hitherto both the ruler and 
the compas'es ha'.ebcen emplo^i-t in tl,c solution of pro¬ 
blems in plane geometry; and it hud not be< n imagined 
that such problems ctiiihl be sohed or constructed with¬ 
out the combined use of these two mstrumcnts. But that 
auth«*r has shown a jgn-ai number of problems, which are 
rendered very piquant and amusins. by the new con.lition 
of employing only the compasses in their solution. Thus: 
Two points terminating a right line being given, to find 
cither betwc. n or without those two point', any number 
ol points which shall be in*tbe same right line witli the 
foiincr, and w hich shall make the intervals between them 
in u given ratio: 5d, Ton given line to draw parallels, or 
perpendiculars, or lines making given angles with them : 
3d, To inscribe or circumscribe within or about a circle, 
the various problems which are constructihle by plane 
geometry; 4th, 'lo determine the mean proportional, be¬ 
tween twrf given .listances; or to find third or fourth pro¬ 
portionals. All the problems indeed of the Euclidean 
geometry are thus resolved by the mere intersection of 
arcs of circles, without drawing a single right line. The 
author also resolves, by ingenious approximations, many 
problems which lie beyond the limits of common geo¬ 
metry ; such as those relating lo duplications, trisections, 
&c, still employing only the compasses. The w-oik above 
alluded to is entitled, Gebmetria del Cumpassa, and of 
which a French translation whs published in 1798, in 
1 vol. 8vo. A chapter on the same practice has also been 
lately given in Leslie's Geometry. 

1 he following problem, proposed by the Emperor Na¬ 
poleon to the iTench mathematicians, with several others 
in this geometry, are here constructed to show the method. 

J. Imperial Problem. To divide the circumference of 
a circle into four equal parts by the compasses only, let 
ARKB be the given circle, whose centre is c. From any 
point A in its dreum- 




ference, xvith a distance 
equal to the given radius 
AC, lay off the three suc¬ 
cessive divisions ad, de, 

F.B, and AB will be a di¬ 
ameter. With the centres 
A and B, and radius ae or 
BD, the chord of two divi¬ 
sions, describe arcs inter¬ 
secting each other in P; 
and PC will be the chord of 
a quadrant of the given 
circle; w^ch being applied 
four limes toils circumference will divide it as required.. 

The Irath of this is readily shown thus: Because 
AB* = 4ac* = AE^ -»- AC* (the angle aeb in a semicirelo 
being a right angle}; ae* = 3ac\ But ap*s= ab* by 
construction; ibcre^re *r* :a3AC*: and since if ac and 
CP were drawn, the angle acp would bo a right angle, 
AP' = AC* - 1 - cp*r hence ac* cp* = Sac’; and con- 
seoticDily cp*,= 2ac* which is the square of the chord of 
90 . Therefore, &c, q.e.d 
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the lulcrscciinn p vhith the radius AC of ihe given circle, 
describe an aic inter^ociin" ihe circumference in o* This 
inWTseclion uill bisecl the arc of above determined. 

2- I'o #livi<Jr the circumference of a circle into tivc 
equal pairs, or to construct a regular pentagon by means 
of the Compasses only: Let ah be the givr?> circle; then 
having found the dmmeter ab and At tlic clior<i ol a 
qua<)rant or 90 "^ us before ; with centre i and rudi\is ac, 
set off the arcs IL, I.M. From the points l and M»vviih 
the radius ai, describe arcs inlersectuiij at s, on that side 
of the chord lm as the centre c of the circle ; and the 
distance of this intersection from citljer exlremlly of the 
diameter ab wdl be the side of the pentagon required. 

The demonstration is simple. 

Nearly to this construction of the pentagon U that 
given by Ptolemy in his .Mmagest, for finding the chord of 
the fifth part of tlie circumrerence. 

An ingeniotis friend (Mr. J.B. Wise, of Boyn Hill, near 
Mai(icnliead) ha^ favoured us with a consiructioii, in one 
iJinplc diagram, for all the regular p.dygons inscribed in a 
circle, of the bjllowii^g number of sides, viz, 3, 4, 5, 6, 7» 
8 , 9, 10, 12, 15, lb, 18, 24, 30, 40, 60, cSdC. 

OF.ORGIUM SIUUS. Sec llERscuEt, and Uranus. 

GFllBKlir, Po|)C Silvester the Seconil, was born of 
indigent parents at Auvergne, in the early part of the 10th 
ceiuury. Scarcely had he acquired the first principles of 
the sciences, when he left a country then immersed in ig¬ 
norance, and travelled into Spain, where he remained se¬ 
veral years. Having made great progress in the mathe¬ 
matics, he returned into France, where he taught the 
sciences, which lie had learned from the Arabians, parti¬ 
cularly arithmetic, which he thus had the honour of com¬ 
municating to the western Christians, about the year 9^0 
or 970. His merit and wisdom afterwards elevated him 
to the papal chair; which he filled respectably till the 
time of his death, in the year 1003. 

GHETALDUS(MARiNUs),a Uagusan nobleman, and 
very respectable geometrician, who flourished about the 
beginning of the 17th century. He was author of several 
ingenious works on geometry, after the manner of the 
ancients; of whicli the titles and dates of those that are in 
my posscssum are the following: i. Promolus Archime¬ 
des, &:c, 4to, Komm, 1603.-2. Problemalum Colleclio, 
4 to, Venet l6‘07.—3. Apollonius Redivivus, &c, 4to, 
Vciiet. lG07 and l6l3-—4. Supplcmenlum Appllonii 
Galli, Vcnct. lfi07» 4lo.—5. Dc Roiolul. cl ComposiL 
Mathemnt. in folio, HoiHiB, l630. And there might be 
others. 

GIBBOUS, is u^cd for the shape of one state of the en¬ 
lightened part of thtf moon, being that in which she ap- 
peari more than half full or enlightened, which is the time 
iietwecn the first (piartcr and the full.moon, and from the 
full moon to the last quarter; appearing then gibbous, 
that is, bunched out, or convex on both sides of the on- 
lightened part; as contradistinguished from the ^atc when 
she is less than half full, when she is said to bo*horncd,or 
a crescent. 

GILBERT (Win.), a physician, who vvas born at Col¬ 
chester in 1540, and educated at Cambridge, but took bis 
dtigrcc of M. D. abroad. On hisVeturu he was elected a 
fellow of the college of physicians, and bccarne physi¬ 
cian to queen Elizabeth. Dr. Gilbert discovered several 
of the properties of the loadstone'; and in l660 be pub¬ 
lished a work in 4to, entitled, De Magncte, magneticbquc 
Corporibus, ct de magno Magneto Tellurc, Physiologia 


nova ; in which arc many important suggestions for the im¬ 
provement of navigation. 11c died in 1603, consequently 
at ().) years of age. 

GI MBOLS, arc the brass rings by wbirb asca-conip^ 
is suspended in its box that usual!) stands in (be binacle. 

GIN, in Artillery and Mechanics, is a machine for rais¬ 
ing great weights, usually composed of three long legj.&c. 

GIllAHI) (Alqeut). bee aiiaccouiitoriiiin in the ar¬ 
ticle Aloeoka. 

GllinniS, in Architecture, arc the largest beams or 
pieces of timber supporting the floors. Their ends arc 
usually fastened inlothc summers, or brcust-sumniors;and 
the joists are framed in at one end to the girders. By the 
statute for rebuilding London, no girder is to lie less than 
JO inches into the null, and their ends to be always laid 
in loam, &c. The shorter bearings a girder has, and the 
oftener it is supported by the iiitcrnHl or partition wails, 
so much the better. The nlublished brea<lth and depth 
of u girder, according to its length of bearing, arc as in 
the following tablet: . 
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GIRT, in Timber-measuring, is the circumference ofa 
tree; though some use this word for the quarter or 4th 
part of the circumference only, on acemnt of the great 
use that is made of it; for the square of this 4th part is 
esteemed and used os equal to the urea of the section of 
the tree ; which square therefore multiplied by the length 
of the tree, is accounted the solid content. This content 
however is always about onc-fourih part less than the true 
quantity; being nearly equal to what this will be after tbo 
tree is hewed square in Ibc usual way : so ihnut seems in¬ 
tended tn make an allowance for the squaring of the tree, 

GiRT-L/nc, isa line on the common or carpenter’s sli¬ 
ding rule, employed in computing the contents of trees by 
means of their girt. 

GIVLN,Drt/i/m, a term often used in mathcmntics.and 
signifies something that is supposed to be known. 

'Fhus, if a magnitude be known, or ifwc can find an¬ 
other equal to if, it is said to be given in magnitude. Or 
when the position of any thing is known, it is said to be 
given in position. And when the diameter of a circle is 
known, the circle is given in mayiitude. Or the circle Is 
given in position when its centre is given in position. When 
the kind or species of a figure is known, or remains the 
same, it is given in specie, &c. 

Kuclid wrote a book o(Dala, orconcerningtbings given, 
ill 95 propositions, usually accompanying his Llemcnis, in 
the best editions, and which Pappus reckons as one of th« 
best spccinfcns of the analyticul^works of the ancients. 

G LACIS, in Fortification, a sloping bank reaching from 
the parapet of the counterscarp, or covered-way, to the 
Icvelsido of the field, commonly at the distance of about 
40.yards. 

GLOBE, a round or spherical body, more usually called 
a sphere, boundett by one uniforpi convex surface, every 
point of which is equally distant from a point within called 
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its centre. Euclid defines the globe, or splicrc, to be a 
solid figure described by the revolution of a jemi-circle 
about its diameter, which remains unmoved. Also, its 
axis is the fixed line-or diameter about which the semi¬ 
circle revolves ; and its centre is thesamc with thut of the 
revolving scmi-circle, a diameter of it being any right line 
that passes tlirough the centre, and terminated both ways 
by the superficies of the s|)here. t.lcm.l 1. def. t4, 13.1 6 ,17. 

Euclid, at the end of the 12tli book,shows that spheres 
are to one aiiollicr in the triplicate ratio of their diameters, 
that is, their solidities are to one another as the cubes of 
tlieir diameters. An*l .Vrchimedis determines the real 
magnitudes and ini-asurL-s of the surfaces and solidities of 
spheres and their segments, in his treatise de Splixiu ct 
Cylindro : liz, 1 , 'I'liat the superficies of any globe is 
equal to 4 times a great circle of it.—2, 'I'liat any sphere 
is equal to y of its circumscribing cylinder, or of ihe cy¬ 
linder of the same diameter and altitude.— 3, 'I'h.it the 
curve surface of the segment of a globe, is equal lo llie 
circle whose ruilius is the line drawn from the vcrtix of 
the segment to the ciFcuinferencc of the hu'-e.—4, 'I'l.al 
the content of u solid sector of the glpbe is equal to a 
Cone whose altitude is the radius of the globe, audits 
base equal to the curve Superficies or base of the sector. 
Willi iimiiy other properties. And from hence are easily 
deduced these practical rules for the surfaces and solidities 
of globes and their segments ; vir, 

1. For the Sta/ace of a Globe, multiply the square of 
the diameter by 3'1410' j or multiply the diaroclcr by the 
circumference. " 

2. I^or the Solidity of a Globe, multiply the cube of the 
diameter by •5236' (viz ^ of 3 Ul6) ; or multiply the sur¬ 
face by of the diameter. 

3. For the Surface (f a Segment, multiply the diameter 
of the globe by tlie altitude of the segment, and the pro¬ 
duct again by 3‘14l6. 

4. For the Solidity nf a Segment, multiply the square of 
the diameter of the globe by the difference between 3 times 
that diameter and 2 times the altitude of the segment, and 
ihe.produft again by -5236', or^ of 3-J4I6. 

Hence, if d denote the diameter of the globe, 
c the circumference, * 

a the altitude of any segment, and 
p =: 3*14l6i then 

The Surface The Solidity 

III the Globe pd*ssrd 

In ihe Segt. pad pa* * (3d — 2a) 

Sec the art: Spji&re, and my Mensuration, pa. 197 , 
2 d edit. 

'fhe Globp., TeiTaqueout, is the body or mass of the 
earth and water together, which is nearly globular. 

Globe, or yjrtijicial Globe, is mote particularly used 
for a globe of metal, plaster, paper, pasteboard, &c, on 
the surfiicc of which is drawn a map, or representation of 
cither the heavens or the earth, with the several circles 
conceived upon thera. And hence * 

Globes are of two kinds,,terrestrial, and celestial; 
which arc of considerable use in geography and astronomy, 
by serving to give a lively rcprcsviilation of their principal 
objects, and for performing and illustrating many of tbeir 
operations in a miinncr easy 41 be perceived by the senses, 
and so as to be conceived even without any knowledge of 
the mathematical grounds of those sciencci. 

Dueriptum rfUic Globe*. 

The fundamental parts that arc common to both globes, 


are an axis, npresenting ihe axis of the world, passiftg 
through the two poles ol a -pherical shell, r« pri-x nting 
those of the world, which shell inake-$ the* body of the 
globe, upon the external suifacc of which is drawn ihe 
representaliun of the w hole siirlate of the earlli, tea, rivers, 
islands, iStc, lor the leiiesirnd globe, an<i the stars and 
constcliations of the bcaiciis. for Ihe ci-li sUal one; be¬ 
sides the equinoctial and eclipnc lira s, the zodiac, the 
tropics and polar circles, and a number of tm ridian lines. 
There is also a brazen mcrnljaii, being a strong circle of 
brass, circumscribing ibe globe, at a small disrnnce from 
it, quite around, in which the globe is hung by ns two 
pi>)es, upon w hich it turns round within this'ciicle, which 
is divided into 4 times <)0 degrees, beginning at tlie eijiia- 
lor on both sides, and ending with 90 at tlie two poles. 
■| here aie also two small hour circles, of brass, diiided 
into twice 12 hours, and liilcil on the meridian rouiul the 
poles, which carry an index pointing to the hour. 'Ihe 
whole is set in a woodm mig, placed paralh l to, and re¬ 
presenting the horizon, in wiiich the globe slides by the 
brass meridian, ilevatiiig or dejiri-ssing the pole accord¬ 
ing to any proposed latitude, J here is nisoa thin slip of 
brass, called a (Juadranl of Altitmle, made to fii on oc¬ 
casionally upon the brass meridian, at tlie higbest or ver¬ 
tical point, to measure tbe altitude of any object above 
the horizon. A magnetic compass is sometimes set under¬ 
neath. See the figure of the globes so niounted, at fi». l, 
plate .\iv. ° 

Such is the plain and simple construction of the arti¬ 
ficial globe, whether Celestial or terrestrial, as ada|,ted 
lothe lime only for which it is made. But as the angle 
formed by the equator and ecliptic, as well as their points 
of intersection, is always changing ; to remedy these in¬ 
conveniences, several contrivances have been made, so as 
to adapt the same globes to any other time, cither past 
or to come; as well os other contrivances lo answer par¬ 
ticular purposes. 

Thus, Air, Sencx, a celebrated maker of globes, had a 
contrivance which, by means of a out and screw, caused 
the pole of the equator to revolve about the pole of the 
ecliptic, by any quantity answering to the precession of 
the equinoxes, since the time for which the globe was made. 
Philos. Trans. No. 447, or my Abr. vol. 8 , pa. 176 , also 
Philos. Trans, vol. 46 , pa. 290 . 

Mr. Joseph Harris, late assny-niaster of the Mint, made 
some contrivances lo show the effects of the earth’s mo¬ 
tions. He fixed two horary circles under the brass meri¬ 
dian, to the axis, one at each pole, so as to turn round 
with the,globe, mid that meridian’served ns im index 
to cut Ibe horary divisions. The globe in this stale serves 
«)ually for resolving problems in both iioeih und south 
latitudes, os also in Jilaccs near the equator ; whereas, 
in the common construction, the axis and horary circle 
prevent the brass meridian from being moveable quite 
round in the horizon. This globe is also adapted for show¬ 
ing how the vicissitudes of day and night, and thealteration 
of their lengths, are really occasioned by the motion of the 
earth: for this purpose, he divides the brass meridian, at 
one of the poles, into months and days, according to the 
sun s declination, reckoning from the pole. Therefore, by 
bringing ibc day of the month to the horizon, and rectify¬ 
ing the globe according to the time of the day, the hori¬ 
zon will represent the circle separating light and darkness, 
and the upper balfofiheglobetheilluminated hemisphere, 
the sun being in the zenith. Mr. Harris also gives an acl 
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of a cheap iDacUine for showing how the annual 
motion of the earth in its orbit causes the change of the 
surfs declination, uithoul the great expense of an orrery. 
Philos. Trans. No. 4.»b. 

'rite late Mr. George Ailains m.adc also some useful im« 
provciiu-nls in ilie construction of tlicglobes. Uesiiles what 
is usual, his globes have a thin brass <eini-c»rcle move¬ 
able about the poles, with asmall thin sliding circle upon it. 
On the terrestrial globe, tlie former of those is a moveable 
meridian, and the latter is th«' visible horizon of any par¬ 
ticular place to wliich it is set. Bvit on the celestial globe, 
tlie seini-circicis a moveable circle of tleclmalioii, and its 
small annexed circle an artificiHl stm nr planet. Each 
globe has a brass wire ciicle, giluced at the limits ol the 
twilight. The terrestrial globe has many a<l«litional cir¬ 
cles, as well as liie rluimb-lines, for resolving all the ne¬ 
cessary geographical and nautical pr«>blems: ami on the 
celestial globe are drawn, on each sirle of the ecliptic, 8 
parallel circles, at the distance of one degrix* from each 
Ollier, including the zodiac; which arc crossed at riglit- 
anglfs by segments of great circles at every 5lU degree of 
tiic ccli])tic, for the more readily noting the place of the 
moon or of any iilanet on the globe. On the strong brass 
circle of the terrestrial globe, and about 234 degrees on 
ciicii side of the nortli pole, the days of cuich month are 
laid down according to the sun's declination: and this 
brass circle is so contrived, that the globe may be placed 
witli tin- north iiiul south poles in the plane of the horizon, 
and wiih the south pole elevated above it. Thcerjuulor, 
on the surface of either globe, serves the purpose of the 
horary circle, by means of a semi-circular wire placed in 
the plane of the equator, carrying two indices, one of 
which is occasionally to be used to point out the time. For 
a farther account of these globes, with the method of using 
them, sec Mr. Adams's Treatise on tlicir construction and 
use. 

There arc also what arc called Patent Globes, made 
by Mr. Neale; by means of which he rcsolvcsscvcral astro¬ 
nomical problems, which do not admit of soltitioo by the 
common globes. 

Mr. Ferguson nlso made several improvements of the 
globes, particularly one Dor constructing dials, and ano¬ 
ther called u planetary globe. Sec Plulos.Trans. vol.44, 
pa. 535, and Ferguson’s Astron. pa. 291 and 293. 

Lastly, in tbc Philos. Trans, for 1789, vol. 79. pa-1, 
Mr. Smeuton has proposed some improvements of the ce¬ 
lestial globe, especially with respect to the quadrant of 
altitude, fur the resolution of problems relating to the azi¬ 
muth and altitude. The difficulty, he observes, that has 
occurred in fixing a semi-circle, so as to have a cciiire in 
tlic zenith and nadir points of the,globe, at the same time 
that the meridian is left at liberty tb raise the pole to its 
desired elevation, I suppose, has induccd-thc globe-makers 
to be contented with the strip of thin flexible brass, colled 
the quadrant of altitude ; and it is well known how im¬ 
perfectly it performs its office. The improvement 1 have 
attempted, is in the application of a quadrant of altitude 
of a more solid construction; \fhich being affixed to a 
brass socket of some length, and this ground, and made to 
turn upon an upright steel spindle, fixed in the aenitli. 
steadily directs the quadrant, or rather arc of altitude, to 
its true azimuth, without being at liberty to deviate from 
a vertical circle to the right hand or left: by which means 
the azimuth and altitude.are given with the same cxact- 
uess as tbc measure of any .other of the great circles. For 
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a more particular dv-scriplion of (his improvement, illus¬ 
trated with figures, sec the reference above. 

For the practical uses of the globes, sec any of the little 
bo<-kson till-, subject. 

GI.OBULAU, relating to, or partaking of the pn>pcrty 
or sliape of the globe. As globular chart, globular pro- 
JeLiion, or globular sailing, iStc. 

Globular Chari, is h representation of the surface, or 
part of the surface, of the terraqueous globe on a plane ; 
ill which the parallels of latitude arc circles nearly con¬ 
centric ; and the meridians are curves bending towards 
the poles ; the rhumb-lines being curves also. 

The merits of this chart consist in these particulars, 
viz, tiiat the distances between places on the same 
rhumb arc all measured by the same scale of equal parts ; 
and the distance of any two places in the urch of a gr< nt 
circle, is nearly represented in this chart by a slruiglit 
line. 

Land maps also, made according to this projection, 
would have great advantages over those made in anyothor 
way. But lor sea charts for the use of navigation, Mer¬ 
cator's arc preferable, ns both the meridians and parallels, 
as also the rhumbs, are all straight lines. 

This projection is not new, though not much noticed 
till of late. It is mentioned by Ptolemy, in his Geogra¬ 
phy; and also by Blundevilic, in his Exercises. 

For globular projection of maps or charts, sec Map. 
Globular Sailing, is the method of resolving the 
cases of suiliitg on principles deduced from the spherical 
figure nf the earth". Such as Mercfilor’s sailing, or greal- 
circlc sailing; which sec. 

OLOSSOCOMON, in .Mechanics, is a name given by 
Heron to a machine, composed of divers dented wheels 
with pinions, sorvirii to raise huge weights. 

GNOMON, in Astronomy, is an instrument or appa¬ 
ratus fur measuring the altitudes, decliimtions, &c, of (he 
sun and stars. I'he gnomon is usually a pillar, or column, 
or pyramid, erected upon level ground, or u pavement. 
For making the more considerable observations, both the 
ancients and moderns have made great use of it, especially 
the former; and many have preferred it to the smaller 
quadrants, buth irf more accurate, easier made, and more 
easily ajiplicd. 

The most ancient observation of this kind ex tant, is that 
made by Py tlicas, in the time of Alexander the Great, at 
Marseilles, whcie.he found the height of the gnomon was 
in proportion to the meridian shadow at the summer sol¬ 
stice, as 2134 to fiOO ; just the same as Gassendi found it 
to be, by an obsenaiion made at tbc same place, almost 
2000 years after, viz, in the year 1636. Ricciol. Almag. 
vol. 1, lib. 3, cap. 14. 

Ulugh Beigh, king of Parthia,&c, used a gnomon in the 
year 1437, which was 180 Homan feet high. That erected 
by Ignatius Dante, in th'echnrch of Si. Pcironips, at Bo¬ 
logna,'in the year 1576» was 67 feet high. M. Cassini 
erected another of 20 feet high, in ihe same church, in 
the year 1655. • 

The Egyptian obelisks were also used as gnomons; and 
it is thought by some modem' travellers^hat this was the 
very use th^vvefu designed and builtfor; it bos also been 
foundV(hat'their,four sides stand exactly facing the four 
da^inai points of the compass. It may be added, that 
the Spaniards i^i their conquest of Peru, found pillars of 
curious nnd costly workmanshi]), set up in several pIoMs, 
by the meridian shadows of wbichHhcir aroatas or philo- 
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sophcTs liaci, by long experience and repeated observations, 
Iciirned to determine tlic limes of Uic equinoxes; which 
sciisons of the year were celebrated with great festivity 
and rich offerings, in honour of the sun. Garcilla>so do 
)a Vega, Hist. Peru, lib. 2, cap. 22. 

Use of the Gnomon, in taking the meridian altitude of 
the SuHf (tnd ihrtxce finding the Latitude of the place. —A 
njcridian line being drawn through the centre of the gno« 
mon, note the point w here the shadow of the gnomon ter¬ 
minates when projected along the meridian line, and mea¬ 
sure the distance of that extreme point from the centre of 
thegnomop, wliich will be the length of its shadow'. Then 
having the height of the gnomon, and the length of the 
shadow, the sun's altitude is thence easily found. 




Suppose, cx. gr. AB Ihe gnomon, and ac the length of 
the shadow. Here, in the right-angled triangle ABC, arc 
given the base AC, and the perpendicular a B, to find the 
angle c, or the sun’s altitude, which will be found by this 
analogy, ns ca : ad : : radius : the tang, of Z.C, that is, 
as the length of the shadow is to the height of the gnomon, 
so is the radius to the tangent of the sun’s altitude above 
the horizon.—The following example will serve to illus- 
tratctiiis proposition: Pliny says, Nat. Hist. lib.2, cap.72, 
that at Rome, at the lime of the cf]uino:<es, the shadow is 
to the gnomon as 8 to 9 > ihercfurc, as 8 : 9 - ^ 1 or ra¬ 
dius : J = 1125 a tangent, to wliich answers the aiJgle 
48** 2z, which is the height of the equator at Rome, and 
its complement 41® 38' is therefore the height of the pole, 
or the latitude of the place. 

Riccioli remarks the following defects in the observa¬ 
tions of the sun's height, made with the gnomon by the 
ancients, and some of the moderns; viz, that they ne¬ 
glected the sun's parallax, which makes his apparent al¬ 
titude less, by the quantity of the parallax, than it would 
be, if the gnomon were placed at the centre of the earth : 
2 d, they neglected also the refraction, by which the ap¬ 
parent height of the sun is a little increased : and 3dly, 
they made the calculations from the length of the shadow, 
os if it were terminated by a ray coming from the centre 
of the sun's disc, whereas the shadow is really terminated 
by a ray comingfrora the upper edge of the sun’adisc; so 
that, instead of the height of the sun's centre, their calcu¬ 
lations gave the height of the upper edge of his disc. And 
therefore, to the altitude of tte sun found by the gnomon, 
the sun's parallax must be aimed, and from the sum must 
be subtracted the sun's scinidiameter, and refraction, which 
is different at different altitudes; which being done, the 
correct height of the equator al Rome will be 48® 4' 13^, 
the complement of which is the latitude, or 41® 56' 40". 
Ricciol. Geogr. Refor. lib.7, cap. 4. 

Thepreceding problem may be resolved more accurately 
by means of a ray of light let in through a small bolo, 
than by a shadow, thus: Make a circular perforation in a 
brass plate, to transmit enough of the sun's rays to exhibit 
his image on the floo>,.ar a stage; fix the plate parallel to 
the horizon in ai high placed proper for observation, the 
Vot. I. I 


height of which above the floor let be accurately measured 
with a plummet. Let the floor, or stage, be perfectly 
plane and hoiizonlal, and coloured over with some while 
substance, to show the sun more distinctly. Upon this 
horizontal plane draw a meridian line passing through the 
foot or centre of the gnomon, i. c. the point upon which 
the plummet falls from the centre of the hole; and on 
this line note the extreme points i and k of the sun’s image 
or diameter, and from each end subtract the image of 
half the diameter of'the aperture, viz Kir and Li : then 
will iiL be the image of the sun’s diameter, which, when 
bisected ill B, gives the point on which the rays fall from 
the centre of the sun. 
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Now having.given the line ab, and the altitude of the 
gnomon AO, besides the right angle a, the angle b, or the 
apparent altitude of the sun’s centre, is easily found, 
thus: as AB ; AO : : radius : tang, angle B. 

Gkomon, in Dialling, is the style, pin, or cock of a 
dial, the shadow of w hich points out the hours. This is 
always supposed to represent the axis of the world, Co 
which it is therefore parallel, or coincident, the two ends 
of it pointing straight to the north and south poles of the 
world. 

Gnomov, in Geometry, is a figure formed of the two 
complements, in a parullclugram, together with either of 
the parallelograms about the diameter. Thus the paral¬ 
lelogram AC being divided into four 
pHrallelograms by the two lines dg, 

£F parallel to the sides, forming the 
two complements ab and BC,witb the 
twd DB, TO about the diameter hi : 
then the two gnomons are ab bc 

©E, and AB BC -t- FO. 

GvoaOTixe Projection of the Sphere, is the representa¬ 
tion of the circles of an hemisphere on a plane touching 
it in the vcrtc.\, by the eye in the centre, or by lines or 
rays issuing from the centre of the hemisphere, to all the 
points in the surface.—In this projection of the sphere, 
all the great circles are projected in^i right lines, on Ihe 
plane, of an indefinitt length; and all lesser circles that 
arc parallel to the ^ane, into circles ; but if oblique to 
the plane, then arc they projected either into ellipses or 
hyperbolas, according to their different obliquity. It 
has its name from gnomonics, or dialling, because the 
lines on the face of every dial arc from a projection of this 
kind: for if the sphere be projected on any plane, and 
upon that side of it on which the sun is to shine; also 
the projected pole be made the centre of the dial, and 
tbc axis of the globe the style or gnomon, and the ra¬ 
dius of pr^cction its height; you will have a dial drawn 
with all its furniture. See Emerson's Projection of the 
Sphere. 

GNOMONICS, the same as Diallitio; or the art of 
drawing sun and moon dials, on.any given plane; being 
so called, because it shows how. to find the hour of the 
day or oieht by the shadow of a gnomon or style. , 
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GOLDKN h the particular year of the Me* 

i>r LtUKir Cycle* See iMnar CvcLt* 


To find (he (ioidai Number : 
Add 1 to the };i^en year, an<l di- 
vide the SMiij by (p, and whut re- 
jnains i> the j’olcU n number; unless 
0 reinaifK for (ht n ip is the gulden 
nninbt r. 'I l)U^; the golden nuin- 
b( r (Ml tliv year 181*^ is 8; us by 
the oper^tlioii Jii the margin* 
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ratio of the first arc to the semicircle, or of the proposed 
angle to two right angles, or 180 degrees, and conse- 
cjucntly that angle itsedf in degrees and minutes. 


Golden No. 8 

(m»lokn iluUy u rule so called on account of its ex- 
I lent use, in urithniclic, and especially in ordinary caU 
ciihiUons, by which numbers arc found in certain propor- 
tuMis, \'\y., Iiaving three numbers given, to hnd a 4th 
luniibcr 111 proportion. On this account, it is otherwise 
called 'Ihe Rule oflbrce, and Idic Rule of Proportion* 
See o/ Three, 

Maying slated, or set down in u line, the three terms, 
in the ordcT in which llu'y are proportional, multiply 
the ‘Jd and 3d t(»gether, and divhle the product by Uic 
1st, so shall the quotient be the answer, or the 4th term 
sought.—'riiu», it 3 yards of clotli cost a guinea or 21 
shillings, what will 20 yards Cost. Ilcrc^lhc two prices 
or values must hear the same proportion to each other a$ 
the two (juantltics, or number of yards of cloth, l.c, 3 
must hear the same proportion to 20, as 215, the value of 
the foniMT, must hear to llie value 3 : 20 : : 21 : llOi 
of the latter: an<l therefore the qq 

slating and operation of the num- ^ 

bcrswill be thus. 'I'licn multiply- r\ ? t mi 

log the 2d and 3d together, and ^ ' 

dividing the product by the 1st, it givei 1405. or JL for 
the answer, being the cost of 20 yards. 

GONIOM tl’UICALLi/ic5, areliru's used for measuring 
or determining the quantity of angles: such as sines, tun- 
gents, secants, versed sines, &c. Mr. Jones, in the Philos. 
Trans. No. 483, seel. 2(i, gave a paper, containing a 
commodious disposition of equations for exhibiting the 
relations of gonioinetricul lines ; from which a multitude 
of curious llirorems may be derived. Sec also Robert* 
soirs Klein, of Navigaliou, vol.l, p. ISl, edit. 4. 

CONIOM I/rU u method of measuring angles, so 
called by M. I)e Lagny, who guve several papers, on this 
melhpd, in the Memoires of tlic Royal Acad. an. 1724, 
1725, 1729 . M. De La guy's method ofgonromctry con¬ 
sists in measuring the angles with a pair of compasses, 
and that without any scale whatever, except an undivided 
semicitcle. Thus, iiaving any angle drawn upon paper, 
inrasurcclj produce one of ^e $id<*s of the angle 
backwards; then with u pair of finc^ompasscs describe a 
pretty large Semicircle, from the angular point ns a centre, 
putting the sides of the proposed angle, which xr\\\ inter¬ 
cept a part of the semicircle. Take then this mtercepted 
part very exactly between the points of the compasses, and 
turn them successively over upon the arc of the semicircle, 
to find how often it is contained in it, after which there is 
commonly some remainder: then take this remainder in 
the compasses, and in like manner find bow often it is con¬ 
tained in the last of the integral parts of the IsHarc, with 
again some remainder: find in like manner how often this 
lust remainder is contained in the former; and so on con¬ 
tinually, till the remainder become too small to be taken 
and applied as a measure. By this means be obtains a 
scries of quotients, or fractional parts, one of anotfrer, 
which being properly reduced into one fraction, give tho 



Thus, suppose the angle bac be proposed tp be mea¬ 
sured. Produce BA out towards/; atirl from the centre a 
describe the semicircle abr/y in which ab is the measure 
of the pr<q>(.sed angle. 'l ake <ib in the compasses, and 
apply it t times on the semicircle, os at 5, c, d, ande; 
thi n take the remninder/r, and apply it back upon ed, 
which is but once, viz at g; again lake the remaindered, 
and apply it 5 limes on ge, as at A, f, *, /, and lastly, 
take tho remainder me^ and it is contained just 2 limes in 
ml. Hence the series of quotients is 4. I, 5, 2 ; conse¬ 
quently the 4tii or Iasi arc em is { the third ml or gd, and 

therefore the 3d arc gd is -r otxr ^hc 2d arc r/; thcrc- 
fore again this 2d arc is rr—or 44 ^he Jst arc ai; 

^TT 

I . 

and consequently this 1st arc ab is or 44 of the whole 

ft "*^77 

semicircle 0 /. But 44 180® are 374 degrees, or 37^ 

8' S4"4> which therefore is the measure of the angle 
sought. ^Vhen the operation is uiccly.performed, this an¬ 
gle may be within 2 or 3 minutes of the truth; though M» 
De Lagny pretends to measure much nearer than that. 

It may be added, that the series of fractions forms what 
is cftllcd a continued fraction. Thus, in the example 
above, the continued fraction, and its reduction, will be 
as follow: 

1 1 j _JL _ 

’ .“4-^—”41} “63 ' 

H 


1 


the quoticnO being the successive-denominators, and 1 
always for each nviincmtor. 

GORGE, orAVcA;, in Architecture, the narrowest part 
of the Tuscan or Doric capitals, lying above the shaft uf 
the pillar, between the astragal and annulets. 

It is also n kind of concave moulding, sening for com¬ 
partments &c, larger than a scotia, but not so deep. 

Gorge, in Fortification, is the entrance into a bastion, 
or .a ravelin, or othcr’out-work. • 

The Conor, qf a Bastion, is what remains of the sides of 
the polygon of a place, after cutting off the curtains; in 
which case it makes an angl^n the centre of the bution, 
viz, the angle made by two^Kjacent curtains produced t. 
meet within the bastion.—In flat bastions, the gorge is a 
right line on the curtain, reaching between the two flanks. 

Gorge qfa Half-moon^ or o/a RaveUn, is the space be¬ 
tween the two ends of their faces next the place. 

GonoB-of the other out-works, is the interval between 
their sides next the great ditch. All the gorges are to be 
made without parapets; otherwise the besiegers, having 
taken possession of a work, might make use of them to de¬ 
fend themselves from the shot of the place. So that they 
arc only fortified with pallisadoes, to prevent a surprise. 

The Oemi-GoaoB, or Ha{f,tho Goboe, is that part oC 
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*\hc polygon between the flank and the centre of the bas« 
tJon» 

GOTHIC Arch/ucture, i5> that which deviates from the 
xnanner» character, proportions, 6cc, of the antique; 
having its ornaments wild and chimerical, and its pro5Ics 
incorrect* 'I bis manner of building came originally from 
the North, whence jt was brought, in the 5lh cenlui^, by 
the (9bths into Germany, and has since been introduced 
into other coimtries* The first or most ancient style of 
Gothic building was very solid, heavy, massive and simple, 
with semicircular a relies, &c: but the more modern style 
of the Gothic is exceedingly rich, light, and delicate ; 
having an abundance of little whimsical ornaments, with 
sharp-pointed arches formed by the intersections of dif« 
ferent circular segments; abo lofty and light spires and 
steeples, large ramified windows, clustered pillars, &c« 
Of this kind are our EngHih cathedrals, and many other 
old buildings. 

GRADUATION, is used for the act of graduating, or 
dividing any thing into degrees.—For an account of the 
various methods of graduating mathematical and astrono* 
roical instruments, by straight and circular diagonals, 
and by concentric arcs, &c; sec Plain Scale, Nonius^ 
and Vernier. And for an accountof Mr. Bird's improved 
method of dividing astronomical instruments, see ^iunAL 
ArcK 

Mr.Ramsden, an ingenious mathematical instrument- 
maker of London, has lately published, by encouragement 
of the commibsiouors of longitude, an cxj^Iunation and 
description of an engine contrived by him lor dividing ma¬ 
thematical instruments, accompanied with proper draw¬ 
ings ; in consideration of which, the said commissioners 
granted him the sum of 6l5l. See bis book, 4lo, 177/* 

On the subject of dividing a foot into many thousand 
parts, for mathematical purposes, sec Philos. Trans, vol. 2, 

457» 459> or my Abr. vol. I, pa. iCj, 195, &c. 
And for an account of various 4>thcr methods and gradu¬ 
ations, sec a paper of Mr. Sineatnii's in the Philos. Trans, 
voh 7^1 for the year I78b,pa. 1; being Observations on 
the graduation of astronomical instru;ncuts; with an ex¬ 
planation of the method invented by the late Mr. Henry 
Hindlcy, of York, clock«makcr, to divide circles into uny 
given number of parts*" Also Mr. Trough ton's method 
and history of such operations, in the vol. for 1809* 

GRAHAM (Geouob), clock- and walch-mukcr, the 
most ingenious and accurate artist in his time, was horn at 
Gratwick, a village in the norih of Cumberland, in 1675. 
He came up to London in 1688, and was put appren¬ 
tice to u person in that profpssioii; but ufter being some 
time with his master, he was received, purely on ac¬ 
count of bis merit, into the fnmily of the celebrated Mr. 
Tompion, who treated him with u kind of parental alTec- 
lion as long^ns he lived. That Mr* Graham was, with¬ 
out competition, the most eminent of his profession, is but 
a small parAf Lis churactei : he whs the best gonerni me¬ 
chanic of his time, and had a complete knovvh dge of prac¬ 
tical astronomy; so that he not only gave to various inovc- 
loents for measuring time a degree of perfection which 
had never before been attained, but invented several astro¬ 
nomical instruments, by which considerable adduces have 
been made in that science: he made great iinphlvemcnts 
*‘14 those which had before been in use; and, by a wonder¬ 
ful manual dexterity, constructed thcru with greater pre¬ 
cision and accuracy than perhaps any oliicr person in the 
* world. 


A great mural arch in the observatory at Grocnuicli 
was made for Dr. 1 Lillcy, under Mr. Graham's immcdiati* in- 
s]>cction, and divided by hi<. own hand: and from ihiv iu~ 
comparable original, llie bi^si foreign instruments of tli** 
kind arc copies made by English artists. 'Phe sector by 
which Dr. Brad by lirsl discovered {wo new motions in the 
fixed stars, was of our author's invention and labric. He 
comprised the whole planot;iry system 'viiliin the compiu^s 
of a small cabinet; from which, as a rno ii I, .sit ihe m<'di rn 
orreries have been construcltd. And wluu the I'rencli 
acadcmiciuns were sent to the North, to make observations 
for ascertaining tlie figure of llic earth, Mr. Graham wav 
thought the fittest person in Europe to supply them with 
instruments; by which means they finished their opera¬ 
tions in one year; while those who vveiu to the South, not 
being so well furnished, were very much embarrassed and 
retarded in their operations. 

Mr. Graham was many years a member of llic Royal 
Society, to which he communicated several ingenious and 
important discoveries, vi?, from the 31st to the 42d volume 
of the Philos. Transactions, chiefly on astronomical niid 
philosophical subjects; particularly a kind of bomr)' alte¬ 
ration of the magnetic needle; u quicksilver pendulum, 
and many curious ]>articular$ relating t<i the true length of 
the simple pendulunt, t>n which lie continued to make ex- 
pcrijnenis till almost the time of his death, which liap- 
pcnetl in 1751, at 76 years of ago. 

^ His temper was not less commxinicativc than his genius 
was penetrating; and his principal view was the advance¬ 
ment of science, and the benefit of mankind. As he was 
perfectly sincere, he was above suspicion ; and as he was 
above envy, he was candid. 

GRANADO, in Artillery, is a small shell or liollow 
globe of iron, or other matter, which, being filled with 
powder, is fired by means of a small fusei*, and thmwit 
either by the hand, or a piece of ordnance. As soon us it 
is kindled, (he case fires in pieces, to the great danger of 
all that stand near it. Granadov*s serve to set fire to close 
and narrow passages, and an* often thrown with the hand 
among the soldiers, to disorder their ranks; more especi¬ 
ally in those posts where they stand thickest, as in trenches, 
redoubts, lodgments, &c. 

GRAND! (Gvido), a learned Italian mathematician, 
was born at Cremona in I 671 ; appointed professor of 
mathematics at Pisa in 1714; and died in 1742. In I 69 D 
he published, in 4to, the demonstration of Viviani’s won¬ 
derful or quadrable dome, under the title of Geometrica 
Divinatio Vivianiorum Problematum ; a work which con¬ 
tains more than its title would lead us to expect, iind in 
which the aitthor remarks many other curiosities in geo¬ 
metry of tlicsnmc kind, and among othei'S, a portion of the 
surface of a right cone, which is perfectly quudfable, and 
to which he givt^ the name of Velum Cniualdiilcnse, he 
being a friur of the order of Cumulduncs; from which it 
seems he did not know the same thing, in a more general 
form, had bcforu*bccn given by John Bernoulli, in the Lei)> 
sic Acts. In J 7 OJ, he ]>ul>lished his demonstration of 
Huygens's tl^on^ms on the Ix>gtstic Curve, which that au¬ 
thor bad simply announced without demonstration; being 
an excellent specimen of the ancient geometrical method ; 
in which piece also, as well as in his lettox to the. Jesuit 
Cova, which fallows it, arc found several other curious and 
novel particulars.*—Another paper of GraiulFs is also in¬ 
serted in the dsd volume of the Philos* Tnttis., called a 
Handful or a Bouquet orGc*omctiicaI Kosis, being n 
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S(.rtntion on certain curves geometrically described in a 
circle. 'Fhis he afterwards enlarged in another treatise, 
j)ublished in 1728, entitled Flores Gcomclrici ex Rliodo- 
ncarum, &c. He was also author of several other miscel¬ 
laneous pieces, on the ancient and modern geometry ; as, 
bis (Quadrature of the Circle and Hyperbola by lulinitc 
Parabolas, in 1703 and 1710; bis Dissertation on Infinites 
of Infiniios, &:c, in 1710; an Italian edition of Euclid^s 
Elements; ami a posthumous treatise on Conic Sections, 
also in the Italian language, in 1741. Grandi it seems was 
of a turbulent and quarrelsome disposition, being almost 
always engaged in disputes or> various subjects, geometri¬ 
cal, theological, metaphysical, or philologicaL 

GRAPE-Siiot, in Artillery, is a combination of small 
shot, put into a thick canvass bag, and corded strongly to¬ 
gether, so as to forjn a kind of cylinder, of a diameter 
suited to the intended piece of ordnance, from the smallest 
to the largc'st. The number of shot in a grape varies ac¬ 
cording to the service, or size of the guns. Of late the 
grape-shot have been superseded by canister-shot, and by 
shrapnel shells, &c, as more convenient and Vnicacious. 

GRAPllOME'rER, a mathematical jnstrument, used 
in land-surveying Ac, and is otherwise called Semicircli:; 
which see 


GRAVE, in Music, is applied to a sound which is in a 
low or deep tone. The thicker the chord or string, the 
more grave the tone or note; and the brnallcr, the acutcr. 
Notes arc supposed to be the more grave, in proportion as 
the vibrations of the chord arc less r|uick. 

G^AVESANDE (William James), a very celebrated 
Dutch mathematician and philosopher, was born at Hois* 
Ic-duc, Sept. 27, i688 « He studied the civil law at Ley* 
den, but mathematical learning was his favourite amuse¬ 
ment. When he had taken his doctor's degree, in 1707, 
he went and settled at the Hague, where he practised at 
the bar, and cultivated an acquaintance with learned men; 
with a society of whom he published u periodical review, 
entitled Le Journal Littcraire, which was continued with¬ 
out interruption from the year 1713 to the year 17^2* 
The parts of it written or extracted by Gravesande were 
chieHy those relating to geometry and physics. Rut he 
enriched it also with several original pieces entirely of his 
own composition; viz, Remarks on the Construction of 
Pneumatical Engines: A Moral Essay on Eying: and a 
celebrated Essay on the Collision of Bodies; which, ns it 
opposed the Newtonian philosophy, was uttackctl by Dr. 
Clarke, and many other learned men. In 1713, when the 
States sent to coirgratulatc George the 1st, on his acces¬ 
sion to the throne, Dr. Gravesande was appointed secre¬ 


tary to the embassy. During his stay in England he was 
admitted h member of the Royal Society, and became in¬ 
timately acquainted with Sir Isaac Newton. On his return 
to Holland, lie was chosen professor of mathematics and 
astronomy at Leyden; where he had the honour of first 
teaching the Newtonian philosophy, witich was then in its 
infancy. He died in 17 at 54 years of age. 

Gravesande was a man amiable in his private character, 
and respectable in his public one; for few iiven of letters 
have rendered more eminent services l« their country- Thtf 
ministers of the republic consulted him on alLoccasions 
when his talents were requisite to assist them, which his 
skill in calculation often enabled him to do in financial 
concerns. He was of great service as a decipherer, in de- 
tccting^thc secret correspondence of tbeir enemies. And, 
in hfs own profession^ none ever applied the powers of na* 


ture with more success, or to more useful purposcs.^Of 
his publications, the principal arc, 

1 . An Introduction to the Newtonian Philosophy; or, 
a Treatise on the Elements of Physics, confirmed by Ex¬ 
periments. This performance, being only a more perfect 
copy of his public lectures, was first printed in 1720; and 
wciit through many editions, with considerable improve¬ 
ments; the ()th edit, is in English, in 2 large voU. Ab, by 
Dr. Desaguliers, in 1747, under the title ^Mathematical 
Elements of Natural Philosophy, coufinftd by Experi¬ 
ments. 


2. A treatise on the Elements of Algebra, for the use 
of Young Students; to which is added a Specimen of a 
Commentary on Newton's Universal Arithmetic; as also, 
A New Rule for determining the Form of an Assumed Infi- 
nite Scries.—3. An Essay on Perspective : This was writ¬ 


ten at 19 years of age.—4. A New Theory of the Colli¬ 
sion of Bodies.—5. A Course of Logic and Metaphysics. 
—With.several smaller pieces. 

His whole mathematical and philosophical *works, ex¬ 
cept ihc first-mentioned article, were collected and pub¬ 
lished at Amsterdam, in 2 vols. 4to, to which is prefixed a 
critical account of his life and writings, by Professor Alla- 
inand. 


GRAVIMETER, the name given by M. Guyton, to an 
instrument for measuring the specific gravities of bodiest 
be adopts this name rather than either areometer or hydro¬ 
meter, because these latter terms arc grounded on the sup- 
positicin that the litjuid is always the thing weighed; 
whereas, with regard to solids, the liquid is the known term 
of comparison, to which the unknown weight is referred* 

Guyton’s gravimeter is executed in glass, and is of a cy- 
lindric form, being that which requires the smallest quan¬ 
tity of (iuiti, and is on that account preferable, except so 
far as it is necessary to deviate for the security of a verti¬ 
cal position. It carries two basins, one of them superior, 
at the extremity of a thin stem, towards the middle of 
which, the fixed point of immersion is marked. The other, 
or lower basin, terminates in a point; it contains the bal¬ 
last, and is attached to the cylinder by two branches. The 
moveable suspension, by means of a hook, has the inconvo* 
nience of shortening the lever which is to secure the verti¬ 
cal position. 

The cylinder of this instrument is 0*71 inches diameter; 
and 6*85 iuclits in length. It oarries in the upper basin an 
additional constant weight of 5*115 grains. These dimen¬ 
sions might be increased so as to render it capable of re¬ 
ceiving a much more considerable weight; but this is un- 
nec^sury. M. Guyton has added a piece which he calls 
the plougcur, because in fact it is placed in the lower ba¬ 
sin when used, and is consequently entirely immersed \r\ 
the fiuid. It is a bulb of glass loaded with a sufficient 
quantity of mercury, in order that its total wt^ht may be 
equal to the constant additional weight, added to the weight 
of the volume of water displaced by this pieeflt It will bo 
readily understood that the -weight being determined at 
the same temperature at which the instrument was origi¬ 
nally adjusted, it will sink to the same mark on the stemi 
whether it be loaded with a constant additional weight in 
the upper basin, or whether the cfi*ect of this weight bo 
produce^ by the additional piece in the lower dish. 

This instrument may be used for solids, as well as fiuidi, 
provided the absolute weight of the solid to be examined 
be rather less tliqn the constant additional weight in thu 
upper basio/whicb is 115 grgins. 

^ 4 * 
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Fvr Hquiils of less specific gravity than water, the gra* 
vimetcr, without the additional weight above mentioned, 
weighs about 439 grains, in the dimensions before laid 
down. It would be easy to limit its weight to the greatest 
accuracy. We have therefore the range of one-filth of 
buoyancy, and consequently the means of ascertaining all 
the intermediate densities, from water to the most highly 
rectified spirit, which is known to bear in this respect the 
ratio of 8 to 10, with regard to water* 

When liquids of greater specific gravity than water arc 
to be tried, the constant weight being applied below, by 
means of the additional piece, which weighs about 138 
grains, the instrument can receive in the upper basin more 
than 4 times the usual additional wciglit, without losing 
the equilibrium of its vertical position. In this state it is 
capable of showing the specific gravity of the most concen* 
tratcdacid. It possesses also another property, which is this; 
namely, that it may be employed as a balance to deter¬ 
mine the absolute weight of such bodies as <lo not exceed 
Jts additional load. And the purity of water being known, 
it will indicate the degives of rarefaction and cundcnsution, 
to proportion to its own bulk. 

fo find the specific gravity of any solid by the gravime¬ 
ter. Rule : ‘‘ From the weight in the upper basin, when the 
instrument is properly immersed in the unknown fluid, take 
the weight winch is placed with the body in the same scale at 
the like adjustment; the remainder is the absolute weight 
of the solid. Multiply this by the specific gravity of the 
fluid, and reserve the product. From theadditiona [weight 
when the body is placed in the lower basin, take the weight 
when it was )^ced in the upper; the remainder will be 
the loss of wil^it by iiiinK'isiun. Divide the reserved by 
the loss by immersion, and the quotient will be the spe¬ 
cific gravity of the solid with regard to distilled water, at 
the slaiidard tempcTHture and pressure/^ 

'i’o find the specific gravity of a fluid, proceed thus: 

** To the weight of the gravimeter add the weight required 
in the upper basin, to sink it in the unknown fluid. Again, 
To the wciglitof the gravimeter add the weight required in 
(he same manner to sink it in distilled water. Divide the 
first sum by tbo second, and the quotient will be the spe¬ 
cific gravity of the fluid in question.'^ 

GftAVrrATION, the exercise of gravity, or the pres¬ 
sure a body exerts on another body beneath it by its weight. 
This is sometimes distinguished from gravity. Thus, M. 
Alaupertuis, in his Figure dc la Terre, lakesgravity for that 
force by which a body would fall to (he earth supposed at 
rest; and gravitation for the same, but diminished by the 
centrifugal force. It is only gravitation, or gravity thus 
blended with the centrifugal force, that we can usually 
;Qcasurc by our experiments. Methods however have been 
found to distinguish what remains of the primitive gravity, 
and what lias been destroyed by the centrifugal force. 

It is one of the laws of nature, discovered by Newton, 
and now received by all philosophers, that every particle 
of matter in nature gravitates towards every other particle; 
which law is the main principle in the Newtonian philoso¬ 
phy. But what is called gravitation with respect to the 
gravitating body, is usually called attraction with respect 
to the body gravitated to. The planets, both primary and 
secondary, as also the comets, do all gravitate towards the 
sun, and towards each other; as well as the sun towards 
them; and that in proportion to the quantity ofmattcrin 
each of thenu * ' 

The Peripatetics &c holdgtbat bodies only gravitate or 
weigh when out of their natoni places^ and that gravita¬ 


tion cca 5 vs when ilicy arc restored to the &ame, the pur 
pose oI nature beingUien fulfilled; and they maintain that 
the final cause ol (his [acuity is only to bring elementary 
bodies to their pn^per plact*, where they may rest. But 
the moderns show that bodies exercise gravity cv<n when 
at re>t, and in their proper places. 1 his is particularly 
bhovvn of fluids; and it is one of the laws of hydrostatics, 
demonstrated by Boyle and others, that fluids gravitate in 
proprio loco, the upper parts pressing on the lower, &c. 

I or the laws ofgravitation of bodices in fluids specifically 
lighter or heavier tijan (hcmselves, see Spfxivic Gua- 
vjTV. Al>o for the centre or line or plane of gi*uvi(uiion, 
scoCssTHr, Line, orPtAXE. 

GRAVTTV, in Physics, the natural tendency or incli¬ 
nation of bodies towards the centre. And in this sense gra¬ 
vity agrees with centripetal force. 

Grav ity however is, by some, defined more generally as 
the natural tendency of one body towards another; and 
again by others still more generally as the mutual tendency 
of each body, and each particle of a body, towards all 
others: in which sense the word answers to what is more 
usually called attraction. Indeed tlie terms grav ity, weight, 
centripetal force, and attraction, denote in effect all the 
same tiling, only in diflt rent views and relations ; all vvhicli 
however it is very common to confound, and use promis¬ 
cuously. But, in propriety, when a body is considered as 
tending towanls the earth, the force with which it so tends 
is called Gravity. Force of GrHvjiy,or Gravitating Force ; 
when the body is considered as iinincdiatily tending to the 
centre ot the carllj, it is called Centripetal Force; but 
when we consider the cr.rth, or mas* to vvliich tlic body 
tends, it is cullcil Attraction, or Attractive Force; and 
when it is ctnisidcred in respect of an obstacle or another 
body in the way of its tendency, on which it acts, it is 
called Weight. 

Philosophers think differently on the subject of gravity. 
Some consider it asan inactive property or innate powerin 
hodi(>s, by which they endcavodrto unite together. Others 
hold gravity in (his sense to be an occult quality, and to 
b( exploded as such out of all sound philosophy. Newton, 
though he often calls it a vis, power, or pro)ierty in bo- 
dit^, yet explains himself, that he means nothing more by 
(he \vo*‘d but the effect or phenomenon : he does not con¬ 
sider the principle, the cause by which bodies tend down¬ 
wards, but the tendency itself, which is no occult quality, 
but H sensible phenomenon, be its causes what (hey may ; 
whether u property essential to body, as some make it, or 
superadded to it, as others; or even cn impulse of some 
body from without, as others. 

It is h law of nature long observed, that all bcKlics near 
thec.nrth have a gravity or weight, ora tendency towards 
its centre, or at least perpendicular to its surface; which 
law the moderns, and especially Sir I. Newton, from cer¬ 
tain observations, have found to bo much more extensive, 
and holding universally with respect to all known bodies 
and matter in nature. It is therefore at present acknow¬ 
ledged as a principle or law of nature, that all bodie$,Bn(l 
all (he particles of all bodies, mutually gravitate towards 
each other: from which single principle it is that Newton 
has happily deduced all the great phenomena of nature. 
Hence, Gravity may be distinguished into Particular and 

General. 

• 

Pam*ct</er Gravitt, is that which respects the earth, 
or by which bodies descend, or tend towards the centre of 
the earth ; the phenomena or properties of which are as 
follow 
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]. All circiinitcrr^^tnal budios do horoby tend fo- 
Wdiih (i |»uiiit, w til cl I is e idler o ecu lately or very ncaily 
ihec^MTe ot jfiii^nilude ol ihi* leinH|UOou> globe. Not 
dull \i I' imntit ihut iLere i^ really any virtue or charm 
ju the point called ilic centre, by Nvhicb it attracts bociies ; 
lull l^eeausc dih i'’ the result «d tlie gruMtution of bodies 
tuwardv all the parl^ of which the earth consists. 

J. 1^I^ point or centre is rtxcd within ilie earth, or 
a I lea'll has been so far as any authentic history readies. 
l\>i u cdiise<|iKnce id its shilling, though ever so little, 
would be the ovorflowing of the low lands on that side 
c>l the globe towards which it should approach. Dr* 
Halley sutjiiests, that it would well account for the uni¬ 
versal deluge, li> have the centre of gravitation rcmo>ed 
fi'i H time towards the middle of the then inhabited 
world ; for the change of its place but the 2000th part 
of the rmhus ot the earth, or about two miles, would be 
sulVicient to lay the tops of llie highest hills unilcr water. 

J. In all places cijuidislant from the cenlicofthe earth 
the force ot gruMly is nearly ecjual. Indeed all parts of 
the cartirs suifiice are not at c<|ual clislancos from the cen- 
iriy becduve tlie eijuatorial parts are liighor than the polar 
parts by about 17 nules ; has been proved by the ne¬ 
cessity fd' making the peiuluhim shorter in tliose places^ 
before it will vrbrate seconds. In the new IVlei*sburg 
'rratisaciions, vol. 6 and 7» •M. Kraflt gives a formula for 
the ]>roporuon of gravity in diflvrcnu latitudes on the 
earth's surface, which is lliis; 

y = (I -h 0 OO528A8 siiie^X)^^; 
where g denotes the gravity at the ecjuator, aiicly the gra¬ 
vity under any oilier latitude A. On this subject, sec also 
the articles Decuce, and Earth. 

4. Gravity ec|ually affects all bodies, without regard 

cither to their bulk, figure, or matter : so that, abstracting 
from the resistance of the medium, the most compact and 
loosi\ the greatc*st uml smallest bodies, would nil descend 
tlirough uii equal space in the same time; as appeal's from 
the quick di'scent of very light bodies in an e.xhausted re¬ 
ceiver. TUc ^J)ace w liich bodies do actually full, in vacuo, 
is feet in tlic first second of time, in the latitude of 

London ; and for oclier either grejilcr or less than that, 

the spaces descended Irom vest lire ilircctly proportional to 
thu squares of tlie tiine*^, w hile the falling body is not far 
from (lie earth's surface. 

5. This power is the greatest at the cartl/s surface, 
from whence it decreases both upwards and down wards, 
but not both w'a)s in the same proportion ; forupwaids 
the force of gravity is less, or dixreases, as the sijuarc of 
the distance from the' cilitre increases, so (hut ut a double 
distance from the centre, ubovc the surface, the force 
would be only L-4tli of what it is ut the surface; but be¬ 
low tbo surface, the power decreases in such sort that its 
intensity is in the direct ratio of the distance from the cen¬ 
tre ; so lliat at the distance of half a sc mi ilia meter from the 
centre, the force woulil be but half wlial it is at llic surface^ 
at ^ of a semidiameter tlic force would be and so on. 

()• As all bodies gravitate tow ards the earth, so does the 
earth equally gravitate towards all bodies; as well us all 
bodies towards particular parts of the earth, ns hills, Ac, 
which has been proved by the attraction a hilb has upon 
a plumb line, insensibly drawing it aside.—Hence the gra¬ 
vitating force of entire bodies consists of those of all their 
purls: for, by adding or taking away any part of the mat¬ 
ter of a body, its gravity is increased or decreased in the 
proportion of the quantity of such portion to the whole 
mass. Hence also the gravitating powers of bodies, at the 
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same distance from the centre, arc proportional to the quan¬ 
tities of matter in the bodies. 

General or Universal Gravitt, is that by which not 
only the [dancts, but all the bodies nnd particles of mat¬ 
ter in the universe tend towards one another. The exist¬ 
ence of the same principle of gravitation in the superior 
regions of the heavens, as on the earth, is one of the 
great discoveries of Newton, who made the proof of it as 
easy as that on earth. At first it would seem this was only 
conjecture with him: he observed that all bodies near the 
i arth, nnd in its atmosphere, had the property of tending 
directly towards it; he soon conjectured that it probably 
cxlcrrdcd much higher than any distance to which wc 
could reach, or make experiments; and so on, from one 
distance to another, till he at length saw no reason why 
it might not extend as far as the moon, by means of which 
she might be retained in her orbit, ns a stone in a sling is 
retaineil by the hand ; and if so, he next irtferred, why 
might not a similar principle, exi.^t in the othcfigreat bo¬ 
dies in the universe, the sun nnd all the other planets, 
both primary and secondary, which miglit all be retained 
in their orbits, nnd perform their revolutions, by means 
of the same universal principle of gravitation. 

These conjectures he soon realized and verified by ma¬ 
thematical proofs. Kepler had discovered by contempla¬ 
ting the motions of the planets about the sun, that the 
area described by a line connecting the sun and planet, 
as fhis revolved in its orbit, was always proportional to 
the lime of its description,or that it dcscrihcd equal areas 
in equal times, in whatever part of its orbit the planet 
might be, moving oUvays so much the qu^kcr as its dis¬ 
tance from the sun was Jess. Aud it is Wso found that 
the satellites, or.secondary planets, observe the same law 
in revolving about their primaries, lidt it was soon 
proved by Newton, that all bodies niQviug in any curse 
line described on a plane, and whicli, by radii drawn to 
any certain point, describe areas about ^e point propor¬ 
tional to the times, are impelled or acted on by some 
power tending towards that point* r Conseqqgnlly the 
power by which all these planets revolve, mid,arc n inined 
in their orbits, is directed to the ceutro noout which they 
move, viz, the primary planets to the sun, and the satel¬ 
lites to their several primaries. 

Newton aUo demonstrated, that if several bodies re¬ 
volve with an equable motion in several circles about the 
same centre, and that if the squares of.their periodical 
limes be in the same proportion as the cubes of their dis¬ 
tances from the common centre, then the centripetal 
forces of the revolving bodies, by wliich they tend to their 
central body, will be in the reciprocal or inverse ratio of 
the squares of the distances. Or if bodies revolve in 
bits approaching to circles, and the apses of those orbits* 
be at rest, then also ihecenlripetal forces of the revolving 
bodies will be reciprocally proportional to the squares of 
the distances. But it bad been agreed on by asiromuners, 
and particularly Kepler, that both these cases dbtaiji in 
nil the planets. And therefore he inferred, (hot the cen- 
iripctal forces of all Ibc planets, arc reciprocally propor¬ 
tional to the squares of the distances from the centres of 

their motions. • , 

On the whole it appears, that the planets are rciained 
in their orbits by some power which is continually acting 
upon them : that this power is directed towards the^cen- 
tre of their motions: that the intensity or efficacy of this 
power increases on an appre^h tbwards the centre, and 
dimiDishes on rcccdiag from Be same, and that in the re- 
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ciprocal duplicate ratio of ihc distances: and that^ by 
comparing this centripetal force of the planets will) the 
force of gravity on the earth, they aix* found to be perfectly 
alike, as may easily be shown in various instances. For ex* 
aniplc^in the case of the moon, the iicarisl of all the pla* 
nets. The rectilinear spaces <lescribc<l in any given lime by a 
falling body, urged by uny powers, reckoning from the 
hegiuning of its descent, arc pro|Mjrtional to those powers. 
Consequently the centripetal force of the moon revolving 
in her orbit, will be to the force of gravity on the surface 
of tlicearth, as the space winch the moon would describe 
in falling during any small time, liy her centripetal lorce 
Cowards the earth, if she had no circular motion at all,to 
the space u body near the earth would describe in fullin^ 
by its gravity towards the same. 

Now by au easy calculation of those two spaces, it np* 
pi'ars thqtthe former force is to the latter, the square 
of (be scmi-dicimetcr of the earth is to the square of that of 
the rooou^s orbit. The inoon*s centripetal force therefore 
Js equal to the force of gravity ; and consequently these 
forces are not diflercut, but they arc one and the same : for 
if they were tw o distinct forces^ bodies acted on by the two 
powers conjointly would fall towards the earth with a velo¬ 
city double to that arising from the sole power of gravity. 

It is evident therefore that the rnoou's centripetal force, 
by which she is retained in her orbit> and prevented from 
/lyingiofT in tangents, is the very power of gravity 6 ( the 
earth extended thither. Sec Newton’s Fnneip. lib. 1 , 
prop. 43, cor. 2, and lib. 3, prop. 3; where the numeral 
calculation ntay be fccn at full length. 

The moon therefore gravitates towards the earth, and 
reciprocally the earth towards the moon. And (his is also 
further conlirme<l by the phenomena of the (ides. 

The like reasoning may also be upplicti to the other 
planets. For, as the revolutions of the primary planets 
round the sun, and those of the satellites uf Jupiter and 
Saturn round their primaries, arc phenomena ol the same 
kind wJth the revolution of the moon about the earth ; and 
as the centripetal powers of the primary arc directed to¬ 
wards the centre of the sun, and those of t)ic satellites to¬ 
wards the centres of their primaries; and lastly, as all 
these powers are reciprocally as the squares of the dis¬ 
tances from the centres, it m;vy safely be concluded that 
the power and cause arc the same in all. 

Therefore, as the moon gravitates towards the earth, 
and the earth towanis tlic moon ; so do all the secondaries 
to their primaries, and these to their secondaries; and so 
also do the primaries' to the sun, and the sun to the pri¬ 
maries. Newtons Princip. lib. 3, prop. 4,5^6; Greg. 
Astrqf). lib« I, sect. 7, prop. 40 and 47* 

Thfi^laws of Univcnial Gravity arc the same as those of 
boUies gravitating to the earth, before laid down* 

Catue cif Gravity. Various theories have been ad¬ 
vanced by the philosophers of difTercnt ages to account/or 
this graqd principle of gravitation. The ancients, who 
were only acquainted with particular gravity, or the ten¬ 
dency of sublunar bodies towards the earth, tiimed tiofur- 
tl}cr than a system that might answer tho more obvious 
phenomena of it. However, some hints arc found con¬ 
cerning the gravitation of celestial bodies, in the account 
given of tho doctrine of Thales and his successors; and it 
would seem that Pythagoras was still better acquainted 
with it, to which it is supposed he bad a view in what he 
taught concerning the Harmony of the Spheres. 

Aristotle and the Peripatetics content themselves with 


referring gravity orwt^ght to a UHtisc iticlinatun iri luavy 
bodies to be m thnr proju r place <u , the ccnir< of 

the carlb. Aii<{ Coin rincub it to nt. innate nrin- 

ctplcin nil part...! n.attcr. J.y uh.ch, uher. sopaJatc.l 
from thnr uIjoIcs, they yndya\..iir to r. turn to tln-m aaain 
liu- iicaresl vv;u. In aiiM.er to Aristotle an.i his tollo«°rs, 
who consulcnd liu- centre of the .-arth as the centre of the 
universe, Ue observed that it «av reavonahk-to think there 
«a6 nothing peculiar to the c..r.h in this princii.le ..f ura- 
vity: that the parts of the sun, nin,„., and Mars, tended 
Jikenise to each other, and that their Nphertc.l f. nre was 
preserved iti their various motions by tins pout r. Cotiern 
Ivevol lib. I cap. ij. Hut „eitli<5r of thes,. svsten.s tusigns 
any physical cause ol this great tHect ; they only amount 

to tins, that bodits descend because they sire inclined to 
desccn<l. 

Kepler, in his pref.icc to the commentaries concerning 
the planet Mars, speaks of gravity as of a power that uas 
mutual between bodies, and says that the earth and moon 
tend towartis each other, and would meet in a point so 
many times nearer to the earth than to the moon, as the 
earth is greater than the moon, if their motions did pot 
hinder it. He adds, that the tides arise from the 'Tavify 
of the waters towards the moon. ’l o him we also owe the 
Jinporiaiit discovery of the analogy helwecn the distances 
oj the several planets from the sun, and the periods in 
which they complete their revolutions, viz, that the squares 
of their periodic times, arc always in the same proportion 
as the cubes of their mean distances Irom the snn. How¬ 
ever, Kepler, Gassendi, Gilbert, and others, ascribe ora- 
vity to u certain magnetic attraction of the earth ; con¬ 
ceiving the earth to be one great magnet, coniinuiilly emit¬ 
ting cinuvia, whicii lake hold of all bodies, and draw 
lln-m towards the eat ih. llul this is inconsistent with the 
^cvtTnl phiMiouiiMia. 

Descartes iUui bis followcTs, Hohault, attribute gra¬ 
vity to an external jn>pul^ or trusioti of some subtile mat¬ 
ter. By the rotation of tne earth, say they, all*the parts 
and appeiulagca of it ncccs^ari ly« endeavour to recede from 
the centre of rotation; butwhcncc they cannot all actually 
recede, astliere is no vacuum or space to receive them. 
But this llypothc^is, lounded on the supposition of n ple¬ 
num, is overthroun by what.has been since proved of (he 
existence of a vacuum. 

Dr. Hooke inclines to an opinion much like ihai of Dcs- 
curtes. Gravity he thinks dccluciblc from the action of a 
most subtile meJium, which easily pervades and penetrates 
the most solid bodies ; and which, by some molmii it has, 
fletrudrs all earthly bodies from it. towards the ccjitre of 
the earth. Vossius too, and many others, give partly into 
the Cartesian notion, and suppose gravity to arise from 
the diurnal rotation of the earth round hs axis. SeeBirch’s 
Hist, of the Royal Soc. vol, 2 , pp. 72 and 91 . 

Dr. Hallcy,despairingofanv satisfactory ihcpry, chooses 

to have immediate recourse to the agency of tho Deity. 

So Dr. Clarke, from a view of several properties ofgravity, 
concludes that it is no adventitious effect of any motinn, 
orsubtile matter, but an originol and general law impressed 
by God on uH matter, and preserved in it by some effi¬ 
cient power penetrating the very solid and intimate sub¬ 
stance of it; being found always proyortiona), not to the 
surfaces of bodies or corpuscles, but to their solid quan¬ 
tity and contents. It should therefore be no more inquired 
wby bodies gravitate, than how they came to be first put- 
in motion. Anaot.'in Robault* Phys. part 1, cap. 11, 
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Gmvo^nmlo, in bis Inlrodiicl. ad Philos. Kewton. con- fiom ebc clonser ports of the medium towards the rarer 
tends that the cause of pravity is utterly unknown ; and uuh all that power which we call gravity, 
that we are to consider it no otherwise than as a law of 'I hat the clastic force of this medium is exceeding 

nature originally and immediately impressed by theCrea- great, may. be gathered from theswiftnoss of its vibrations, 
tor, without any dependence on any second law or cause bounds move about 1140 English feet in a second of time, 

at all. Of this he thinks the three following considcra- «and in seven or eight minutes of time, they move about 

tions suflicient proof. 1. That gravity requires theprc-cncc one bundled English miles: light movies from the sun to 

of the graviti'iung or attracting body: so the satellites of us in about 7 or 8 minutes of time, which distance is 

Jupiter, for ex. gravitate towards Jupiter, wherever he about 70000000 English miles, supposing the horizontal 
may be. 2. That the distance being supposed the same, parallax of the sun to be about 12 seconds; and the vi* 
the velocity with which bodies are moved bv the force of brutions, or pulses of this medium, that they may cause 
gravity, depends on the quantity of matter iiuhe attracting the alternate rils of easy transmission, and easy rcHcction, 
body; ami the velocity is not changed, \\ hatever the mass must he swifter than light, and by consequence above 
of the gravituiinff body may bo. 3. Thai if gravity do 7O0U00 times swifter than sounds; and therefore the 
depend on any known law of motion, it must besomeim* elastic force of this medium, in proportion to its den* 
pulse from an extraneous body ; sothatas gravity is con* sity, must be above 700000 x 700JOO (that is, above 
tinual, a continual stroke mustaUo be required. Now if 490000000000) times greater than the clastic force vf 
there be any such matter continually striking on bodies, tlie air is, in proportion to its density : for the velocities 
it must be llui(l,und subtile enough to penetrate the sub- of the pulsv's of clastic mediums, are in a subduplicate 
stance of all bi’dies: but how shall a body subtile enough ratio of the elasticities and the rarities of the mediums 
to penetrato the substance of the hardest bodies, and so conjointly. 

rare as not sensibly to hinder the motion of bodies, be able As magnetism is stronger in small loadstones* than in 

to impel vast masses towards each other with such force? ones, in proportion to their bulk; and gravity is 

how docs this force increase the ratio of the mass of the sirongcr on the surfaccof small planets, than on those ul 
body, tijwards which llic other body is moved? whence great ones, in proportion to their bulk; and small bodies 
is it that all bodies move with the same velocity, the arc agitated much more by electric attraction limn great 
distance and body gravitated to being thevsame? can a ones: so thcbinallncss of the rays of light may contribute 
fluid w hich only acts on the surface, either of the bodii^ very much to the power of the agent by which they are 
themselves, or their internal particles, communicate such refracted ; and if any one should suppose, (hat ether (like 
a quantity of motion to bodies, which in all bodies shall our air) may contain particles which endeavour to recede 
exactly follow' tlic proportion of the quantity of malter in from one another (for 1 do not know what this ether is), 
them i and that its particles are exceedingly smaller than those 

Mr, Cotes goes yet further. Giving a view of Newton's of air, or even ihaii those of light; the exceeding small- 
philosophy, he asserts that gravity is to be ranked among ness of such particles may contribute to the greatness of 
the primary qualities of all bodies; and dix^med equally the force, by which they recede from one another, and 
essential to matter as extension, mobility, or impcnelra* thereby make that medium exceedingly more rare and 
bility. Prxfat. ad Newt. Priiicip. But Newton himself elastic than air, and, of consequence, exceedingly less able 
disclaims this notion; and to show that he does not take to resist the motions of projectiles, and exceedingly more 
gravity to be essential to bodies, he declares his opinion able to press upon gross bodies by endeavouring to expand ^ 
of the cause ; choosing to propose it by way of query, not itself.” Optics, Query 21, tee* 

being yet sufficiently satisflcrl about it for want of experi* M. Lc Sage attempts to account for the cause of ^nvity 
ments. Thus, after having shown that there is a medium by the following ingenious hypothesis: Imagine,” says • 

in nature vastly more subtile than air, by wliose vibrations this author, that through all space numberless cor- 
sound is propagated, by which light comnninicates heat puscles or atoms, almost infinitely small, are in perpetual 
to bodies, and by the different densities of which the re- motion: that every corpuscle has its determined direction^ 
fraction and reflection of light are performed; he pro- and moves for ever in a straight linfr with a velocity^ far 
ceeds to inquire : ** Is not this medium much rarer w ithin exceeding that of light. It is evident that the directions 
the dense bodies of the sun, stars, planets^ and comets, of these corpuscles may be so various, they may bo them- 
than ip the empty celestial spaces between them ? and in selves so small, and their velocity so great, that though 
passing from them to greater distances, doth it not grow they follow each other at vast distances, and leave space, 
denser and denser |)crpctually, and thereby cause the in reality, almost empty; yet they may abound^every 
gravity of those great bodies towards one another, and where in such a manner, that in a portion of time, almbst 
of their parts towanls the bodies; every body endeavouring infinitely small, a great number of them shall pass through 
to recede from the denser parts of the medium towards every point of space whatsoever. On whatever point of 
the rarer ? space then^fore our attention is fixed, we may consider it 

For if this medium .be supposed rarer within the sun's ns a centre, to which tRe motions of an infinite number 
body than at its surface, and rarer there than at the of atoms are referred, either by diverging tUercfroni, or 
hundredth part of an inch from bis body, and rarer there converging to it.” Thisconstitution of what LeSage calls 
than at the orbit of Saturn ; I see no reason whv the in- the gravific fluid being conceived, suppose a solid body to 
cieasc of density should stop any where, and not rather be plunged into it*of any figure whatever, larger than one 
bo continued through all distances from the sun to Sa- of the corpuscles, and in some degree, if not entirely, im* 
turn, and beyond. pervious to these particles; this body will remdn at 

** And though this increase of density may at great rest, or at least without any progressive motion, the izn* 
distances be exceeding slow: yet if the elastic force of this pulses of the particles that strike against it being equal m 
medium be exceeding great, it may suffice to impel bodies opposite directions. It may oscillate a little oackward 
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and forward, but will not be forced any considerable 
distance from its place. 

Now let there be plunged into the gnivific fluid, an¬ 
other body, of any figure, and iit any distance from the 
first. These two bodies will immediately begin to move 
towards each other. For the one serving to protect the 
other from a certain quantity of the impulsion of the 
corpuscles, the currents thus left without opposition ne¬ 
cessarily produce their eficct, and impel the bodies to¬ 
wards each other. 

Their motion towards one another will be continually 
accelerated; and the forces producing that acceleration 
will increase in proportion as the one body stoj>s more of 
the currents from falling on the other ; ihat is, nearly as 
the squares of the distances diminish. 

Again, if the solid particles of which the bodies are 
made up, be impenetrable to the gravific corpuscles, but 
the bodies themselves, on account of their porosity, per¬ 
meable by them in a certain degree, the number of parti¬ 
cles that are stopped by each of the bodies will be, cstcris 
paribus, proportional to the number of solid particles, 
that is, to the quantities of matter in the bodies; and 
hence, in general, the force u^iiig the bodies towards 
each other, will be directly as their masses, and inversely 
as the squares of their distances. Thus, by mechanical 
action," says Lc Sage, “ is the Newtonian law of gravi¬ 
tation explained in all its parts." 

In objection to this system, we advance the following, 
urged by Boscovicb “ In this system," says Boscovicb, 
“ no particle of the fluid returns to its place, or ever 
passes a second time through the same point of space. A 
constant supply of new particles is therefore necessary, as 
all those that are contained within the limits of the sen¬ 
sible universe, at any instant, must be replaced before they 
have entirely escaped from it, and sent forth to traverse 
for ever tho deserts of uninhabited extension. The 
imagination is terrified at this constant exertion of what 
cannot be considered as less than creative power employed 
in producing cxistencies that, for a limited lime, are to 
he useful; and through all the rest of infinite duration, 
are to serve no purpose whatsoever." 

About the year 1805 several of the clergy, as well os 
other individuals in this country, being alarmed, it was 
said, at the efforts which the philosophers on the continent 
were making to account for the %'arious operations' of na¬ 
ture upon mere mechanical principles, with a view, as 
they supposed, to exclude the Deity from any concern in 
the government of the world, and thereby to lay a foun¬ 
dation for atheism, Mr. Vince, professor of astronomy in 
the university of Cambridge, was requested to Examine 
the most plausible and generally received hypotheses, 
which had been framed to account for gravitation, and 
to give the result of bis examination. The inquiry, he 
tolls us, was favourably received, and it was suggested that 
itmigbt not be improper to offer it to the Royal Society; 
but on being presented by bis friend Dr. Maskelyne, the 
astronomer-rqyal, and not meeting that reception which 
would have been gratifying to the professor's feelings, and 
have reflected credit on the Society, be in consequence 
withdrew it,' and submitted the paper to the opinion of 
the public, in a small pamphlet on this subject^ printed 
at Cambridge, in I8O6. 

The systems which be has there considered, are those 
of Descartes, Newton, Le Sage, and Bernoulli, with a 
■light mention of sonv others whose ioconsisteocy rcti- 
VoL, I, 


dered any detailed account of them unnecessary, but 
omitting that of Boscovicb. 

Speaking of the system of Sausstire, (which, by the bye, 
is that of Le Sage, give n above,) he observes, that if the 
corpuscles there mentioned be admitted to move as the 
author describes them, it wiW f.llow the. the moving 
force of ^cb body depends on the surfaces of the bodies, 
whereas it ought to be as the quantity of matter in each 
respectively: “ this consideration, tliercfore," continues 
the professor, “ without entering into any further exa¬ 
mination of the hypothesis, is sufficient to show that it 
cannot be admitted.” 

The hypothesis which Mr. Vince has made the subject 
of mathematical consideration, is that of onr illustrious 
countryman Newton; who, as has been observed, sup¬ 
posed, that if the sun and the planets acted on each other, 
it must be by some intermediate and invisible substance, 
such as that of an clastic fluid. The professor then ad¬ 
mitting that an clastic fluid is the cause of gravity, lays 
down, previous to the estimation of its efl'ects on bodies 
placed in it, the two following facts, as standards, to which 
his results arc to be referred for refutation or support; 

1. That the gravitation of a planet varies inversely as 
the square of its distance from the sun ; that is, whatever 
be the magnitude or density of the planet, its acceleration 
towards the sun varies in that ratio. 

2. That a force varying inversely as the square of the 
distance, cannot be compounded of several forces, each of 
which docs not vary in that ratio. 

On these grounds, the professor enters on the investi¬ 
gation of the hypothesis; by supposing that the density 
of the medium is measurable by the number of particles, 
uniformly diffused on a given square area; that the varia¬ 
tion of density at any distance d, from the sun is as d“; 
and consequently the distance of the particles themselves 

as Then, admitting that the clastic force of thepar- 


ticlcs vary as the nth power of their distance, or as 


dir** 


he at last obtains *" ^ *** ■ x a——— — 1, for the ac- 

ot ft 

celcrativo force of the planet towards the sun at the dis¬ 
tance a from the same. 

Now it is to be observed,” says Mr. Vince, “that this 
expression is in terms of e, the density of tho planet; and 
therefore does not agree with (be first given fact or law of 
gravitation, that law being independent of the density or 
magnitude. Therefore in this case, the hypothesis is ren¬ 
dered nugatory." 

But besides this, be states that the body will, instead 
of being forced towards the sun, be driven from it, even 
when the force varies inversely as the square of tho dis¬ 
tance. Hence, and from what is afterwards demonstrated, 
he concludes, dial it is not possible for any law of varia¬ 
tion of density, of the fluid, in terms of the distance from 
the sun, combined with any law of variation of the repul¬ 
sive force of iho particles of the fluid in terms of their dis¬ 
tance, which can satisfy the law of gravitation. And if 
we were to suppose the law of density to vary in terms of 
any other quantities besides those expressing the distance 
from the sun, such quantities must enter into the law of 
force, and thereby make a still greater deviation from the 
law of the inverse square of the distance. Considering 
the matter therefore, in a mathematical point of view, we 
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nre justified, hesays, in rejecting this hypolhcbis as the on an inclined plane, or through a mi si me medium, or 
cause of gravitation. opposed by some other rcsisiancc. The lasvs of which, 

iMr Playhur however, in reviewing this examination, ob- see under the articles Inci^iked Flake, Deecemt, 
serves that, this conclusion he (Mr* Vince) next endea- Floii>, Resistance, &c. 

vours to extend loall the laws of variation of density and Gravity, in Hydrostatics. I’hc laws of bodies gra^. 
of elasticity that can possibly exist, by showing that no vitating in fluids coiislilute the doctrine of llydrosialics. 
one can be admitted that is not capable of being expressed Gravity is here divided into absolute and specific, 

by a single term, and consequently by the with or nth Absolute or True GuAViXY, is the wb<dc force witK 

power of the distance. It is here, if we mistake not, that which the body tends downwards. 

the error lies. For, though a variation of density or of Specific Gravity, is the relative, comparative, or ap» 
elasticity, expressed thus, ax^ ix^ cannot take place, parent gravity in any body, in respect of that of an equal 
because the force arising from it would also involve two bulk or magnitude of another body; demiting that gi^vity 
terms, yet if one of the terms be constant, as if w =0, or weight which is peculiar to each species or kind 
and so the cxnicssion = a then the force would of body, and by which it is distinguished from all other 


be expressed by one term only, viz, by the fluxion of 
that is, by a quantity proportional to x""*. Thus, for ex¬ 
ample, if .t be any distance from the sun^s centre, d the 
ilensity of the ether at that distance, and e its elasticity. 
L<‘t d increase in ibe direct ratio of x, or d and 

suppose e = c — — where c is a constant 

quantity, that would be determined, if we knew at what 
distance from the sui/s centre the elasticity of thccthcr^is 
= 0. If, for example, it is equal to nothing at the dis¬ 
tance 4 from the sun's centre, or wlicn x x, c = so 

that e = — ^ —, and the dilTcrcntial of this being taken, 

givc-s c = Now i is the difference of elasticity for 

the change of distance i; and therefore is the force with 
which a small spherical body, or a single particle of mat¬ 
ter, impervious to tiie ether, would be impelled toward 

the sun ; and it varies as or in the inverse ratio of the 

squares of the distances from the sun. It is thcr^orc 
possi RLE r/iot inelastic fluid may be so •constituted tt$ to 
produce n tcftdency of one body to onoihert varying inversely 
as the si/uares the distances of these bodies .—For this pur¬ 
pose, there is only required an elastic fluid, of which the 
density is ns the distance from the suii, and the elasticity 
as a certain given magnitude diminished by the reciprocal 
of that distance. There arc many other hypotheses con¬ 
cerning the density and elasticity of the fluid, which will 
give the same result with this;, all indeed in which we 

have these equations, d = ox", and c = c — —. This 

is directly contrary to ^^r. Vince’s conclusion, '* that it 
is not pQuihle for any law of variation of the density of the 
fluid in terms of the distance from the sun, combined with 
any law of variation of the repulsive force of the particles 
of the fluid in terms of their distance, to satisfy the law of 
gravitaii<in.” See the Edinburgh Review, vol. 13, pa. 
101 , &c. 

Gravity, in Mechanics, denotes the conatus or ten¬ 
dency of bodies towards the centre of the earth. That 
part of mechanics which considers the equilibrium or mo¬ 
tion of bodies arising from gravity or weight, is particu¬ 
larly called Statics. 

Gravity is distinguished into absolute and relative. 
Absolute Gravity is that with which a body descends 
freely and perpendicularly through an unresisting me¬ 
dium. The laws of which see under Descent op Bo¬ 
dies, Acceleration, Motion, &c. 

ReUaive Grayitt is that with which a body descends 


kinds. 

In this sense a body is said to be spcciflcally heavier 
than another, when under the same bulk it contains a 
greater weight than that other; and reciprocally, the lat¬ 
ter is said to be specifically lighter than the former. Thus, 
if there be two equal spheres, each one foot in diameter ; 
the one of lead, and the other of wood : since the leaden 
one is found heavier than the wooden one, it is said lu be 
specifically, or in specie, heavier ; and the wooden one 
speciflcully lighter. 

This kind of gravity is by some called relative ; in op¬ 
position to absolute grav^y, which increases in proportion 
to the qunntit- or mass of the body. 

Laxos Me Specific Guavity of Bodies. 

I. If two bodies be equal in bull^ their specific gravities 
are to each other ns their weights, or as their densities. 

II. If two bodies be of the same spcciflc gravity or 
density, their absolute weights will be as their magnitudes 
or bulks. 

III. In bodies of the same weight, the specific gravities 
are reciprocally ns their bulks. 

IV. The specific gravities of all bodies arc in a ratio 
compounded of the direct ratio of their weights, and the 
reciprocal ratio of their magnitudes. And hence again 
the specific gravities arc as the densities. 

V. The absolute gravities or weights of bodies arc in the 
compound ratio of their specific gravities and magnitudes 
or bulks. 

VI. The magnitudes of bodies arc directly ns their 
weights, and reciprocally as their specific gravities. 

VII. A body specifically heavier than a fluid, loses as 
much of its weight, when immersed in it, as is equal to 
the weight of a quantity of the fluid of the same bulk or 

' magnitude,—Hence, since the specific gravities arc as the 
absolute gravities under the same bulk; the specific gra¬ 
vity of the fluid, will bo to that of the body immersed, as 
the part of the weight lost by the solid, is to the whole 
weight. And hence the specific gravities of fluids, are 
as'lbe weights lost by thesamc solid immersed in them. 

VIII. Tothe Speoife Qravily qf a Fluid, or qf a 
5o/id.—On one arm of a balance suspend a globe of lead 
by a fine thread, and to the other fasten an equal weight, 
which may just balance it in the open air.^ Immerse too 
globe into the fluid, and observe what weight balances it 
then, and consequently what weight is lost, which is pro¬ 
portional to the specific gravity as above. And thus the 
proportion of the specific gravity of one fluid to another, 
is determined by immersing the globe successively in all 
the fluids, and observing the weights lost in each, 

will be the proportions of the specific gravities of the fluids 
sought. 
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This same operation determines also the specific gravity 
of the solid immersed, whether it be a globe or of any 
other shape or bulk, supposing that of the fluid known. 
For the specific gravity of the fluid is to that of the solid, 
as the weight lost is to the wholewcight Hencealso may 
be found the specific gravity ofa body that is lighter than 
the fluid, as follows : 

. IX. To find the Specific Gravity qf a Solidthai is lighter 
than thefiuid, as water, in which it is placed .—Annex to 
the lighter body another that is much heavier than the 
fluid, so as the compound mass may sink in the fluid. 
Weigh the heavier body and the compound mass sepa¬ 
rately, both in water and out of it; then find how much 
each loses in water, by subtracting its weight in water 
from its weight in air; and subtract the less of these re¬ 
mainders from the greater. Then say, 

As this last remainder. 

Is to the weight of the light body in air. 

So is the specific gravity of the fluid, 

To the specific gravity of that body. 

X. The specific gravities of bodies of equal weight, are 
reciprocally proportional to the quantities of wtight lost 
in the same fluid. • And hence is found the ratio of the 
specific gravities of solids, by weighing in the same fluids, 
masses of them that weigh equally In air, and noting the 
weights lost by each. 

The specific gravities of many kinds of bodies, both 
solid and fluid, have been determined by various authors. 
Marinus Ghetaldus particularly tried the specific gravities 
of various bodies, especially metals; which were taken 
from thence by Oughtred. In the Philos. Trans, arc se¬ 
veral ample tables of them, by various authors, particu¬ 
larly those, of Mr. Davis, vol.45, pa. 416. Some tables 
of them were also published by P. Mersenne, Museben- 
brocck, Ward, Cotes, Emerson, Martin, &c. 

The following table,' uken chiefly from Gregory’s 
excellent book of Mechanics, contains the specific 
gravities of most of the principal bodies, both solid and 
fluid. The numbers express the avoirdupois ounces in a 
cubic foot of each body, that of distilled water being just 
1000 ounces, which is here made the standard of com¬ 
parison of all the rest. • 

Table qf the Specific Gbavitibs of Different Bodies. 

I. Metals. 

Antimony, crude - . . . 4064 

. . . glass of - > - - 4946 

. . . motteo .... 6702 

krsenic, glass of, natural ... 3594 

. . molten .... 5763 

. . native orpiment ... . 5452 

lismutb, molten .... 9823 

. ! native .... 9020 

. . ore of, in plumes ... . 4371 

Irass, cast, not hammered ... 8396 

. . ditto, wire-drawn ... 8544 

• . cast, common ... 7824 

Cobalt, molten .... 7512 

. . blue, glau of - - > 2441 

-opper, not hammered - - - . 7788 

. . -the same wire-drawn - - 8878 

. . ore of soft copper, or natural verdigris 3372 
>oId, pure, of 24 carats . . . . 

melted, but not hammered - -. .l'9238 

. the same hammered ... .19362 

Parisian standard, 22 car. not hammered 17480 


Gold, Parisian standard, 22 car. hammered 
. . guinea, of Geo. 2. - . 

. . guinea, of Geo. 3. - . 

• • Spanish gold coin 

> Holland ducats 

• . trinket standard, 20 car. not hammered 

. . the same hammered 

Iron, cast - • . 

bar, either hardened or not 
Steel, neither tempered nor hardened 

• • . hardened, but not tempered 

• . . tempered and hardened 

• • . ditto, not hardened 

Iron, ore prismatic - - - 

• . ditto spicular • . . 

> . ditto lenticular 

Lead, molten ... 

• ■ . ore of cubic • . 

• • . ditto horned - - 

. . . ore of black lead 

. . , ditto, white lead 

. . . ditto, ditto, vitreous 
. . . ditto, red lead 

. . . ditto, saturoite 

Manganese, striated 
Molybdena . . . 

Mercury, solid or congealed 
. . . . fluent 

. . . . natural calx of • 

. . . . precipitate,/>er se 

. . . . precipitate, red 

. . . . brown cinnabar 

. . . . red cinnabar . . , 

Nickel, molten ... 

. . . ore of, called Kupfernickcl of Saxe 

Platina, crude, in grains 

. . . purified, not hammered 

. . . ditto hammered 

. . . ditto wire-drawn • - 

. , . ditto rolled - 

Silver, virgin, 12denier8, fine, not hammered 

. . . ditto hammered 

. . . Paris standard 

. . . shilling of Geo. 2. . 

. . . shilling of Geo. 3. 

. . , French coin - . 

Tin, pure Cemisb, melted, and not hardened 
. . the same hardened . . . 

. . of Malacca, not hardened 
. . the same hardened . . . 

, ore of, red - . 

. . ore of, black . . _ 

. . ore of, white - - . . 

. common - - . . 

Tungsten - - - - . 

Uranium - - . . . 

Wolfram . - . . • . 

Zinc, molten • - . . 

II. Stones, 

Beryl, or aqua-marine oriental 

. . . ditto occidental . - 

Chrysolite, of the jeweller 

.... of Braail 

Crystal, pure rock of Madagascar 

.... of Brazil - - 

. . . . European - - . 

4 G 2 


17589 

17150 

17629 

176.55 

19352 

15709 

15775 

7207 

7788 

7833 

7840 

7815 

7816 
7355 
5218 
5012 

11352 

7587 

6072 

6745 

4059 

6558 

6027 

5925 

4756 

4738 

15632 

13568 

9230 

10871 

8399 

10218 

6902 

7807 

6648 

15602 

19500 

203S7 

21042 

22069 

10474 

10511 

10175 

10000 

10534 

10408 

7291 

7299 

7296 

7307 

6935 

6901 

6Q08 

7920 

6066 

6440 

7119 

7191 


334» 

272S- 

27^2^ 

2692 

2653 

2653 

2655 
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Crystal, ros*ecoloure<l 

. . . . yellow 

. . . . violet, or amethyst 

. . . . while amethyst 

. . . . Carthaginian 

. . . . black 

Diamond, white oriental 

. . . rosc'CoIoured oriental 

, . . . orange ditto 

. . . . green ditto 

. . . , blue ditto 

. . . . Brazilian 

. . . . yellow 

Emerald, of Peru 

Garnet, of Bohemia 

. . . of Syria 

. . . dodecaedral 

. . . volcanic 24 faces 

Girasol 

Hyacinth, common 
Jargon of Ceylon 
Quartz, crystallized 
. . . in the mass 

. . . brown crystallized 

. . . fragile 

. . . milky 

V . . fat or greasy^ 

Ruby, oriental 
, . . Spinell 

, . . Balias 

. . . Brazillian 

Sapphire, oriental 
.... ditto white 
, , i . of Puys 

• , . . Brazilian 

Spar, white sparkling 
... red ditto 
. . . green ditto 
. . . blue sparkling 
, , a green and white ditto 
; . . transparent ditto 
. . . adamantine 
Topaz, oriental 
« . . pistachio ditto 

. • .Brazilian 
a . . of Saxe 
. . . white ditto 

Vermilion 

HI. Silidoua 

Agate, oriental 
, . .onyx 

. , .cloudy 

. a . speckled 
a » , veined 
. , . stained 

Chalcedony, common 
.... transparent 
.... veined 
.... reddish 
, . . . blueish 
.... onyx 
Camelian, pale 
.... speckled 
.... veined 
, . a •. onyx 
a . . . stalactite 
. . . . simple . > 


Stone* 


• 

2670 

Flint, white 

• 

- 

• 

• 

2594 

• 

2654 

« 

• black 


• 

• 

• 

2582 


2654 

• • 

• reined 

* 



• 

2612 


2651 

• ■ 

. Egyptian 

- 


* 

• 

2505 


2657 

• • 

. olive « 

• 

• 


«• 

2606 

• 

2654 

• • 

• spotted 

- 


• 

• 

2587 

• 

3521 

• • 

. onyx 

• 

w 

* 

• 

2604 

• 

3531 

• • 

e of Rennes 

• 

* 

• 

to 

2654 

m 

3550 

« • 

• of England 

- 


• 

• 

260g 

m 

3524 

■ • 

• variegated of Umosio 


• 

- 

2243 


3525 

Jade, white 

• 

• 

• 

to 

2950 

• 

3414 

• • 

. green 

• 

• 

• 

to 

2966 


3519 

« • 

• olive 


• 

• 

to 

2983 

m 

2775 

e • 

. from the East Indies 

• 

• 

to 

2977 

m 

4189 

/ 

• • 

• efSmsserland 


• 

• 

to 

-3389 

• 

4000 

Jasper> clear green 



4 

to 

2350 


4063 

• 

• • brownish green 

• 

• 

to 

2681 

A 

2468 

• 

i . red 

m 

• 

• 

to 

2661 

• 

4000 

« 

. . brown 

m 

• 

• 

• 

2691 


3687 

■ 

. . yellow 

m 

* 

• 

to 

2710 

W 

4416 

« 

. . violet 

m 

• 


• 

2711 

m 

2655 

m 

. . cloudy 

m 

• 

• 

to 

2735 


2647 

• 

. . veinea 

m 


• 

to 

2696 


2647 

• 

. . blackish 

a 


• 

• 

2672 

* 

2640 

• 

. . blood-coloured 

• 

• 

to 

2628 


2652 

« 

• s helostrope 


• 

- 

to 

2633 

• 

2646 

• 

• « onvx 

» 

• 

w 

to 

2816 

• 

4283 

• 

. . flowered, red and white 


• 

2623 


3760 

3646 

3531 

3904 

3991 

4077 

3131 


Opal 


. red and yellow 
. green and yellow 
. red, green, and grey 
. red, green, and yellow 
. universal 
. agate 


2595 

Pearl, virgin oriental 

* 

to 

• 

2438 

Pebble onvx « 

to 

• to 

to 

2704 

• 

. . of Rennes 

tor 

m 

- 

2693 

• . 

. . English 

to 

to 

* 

3105 

• 

. . veined • • 

to 

to 

• 

2564 

• 

. . stained 

to 

to 

• 

3873 

Prasium 

to 

to 


4011 

Sardonyx, pure « 

to 

to 

- 

4061 

• 

. . . pale 

to 

to 

• 

3536 

• 

. . . speckled 

to 

to 

• 

3504 

• 

. a . veined 

to 

to 

- 

3554 

• 

. . . onyx 

to 

to 

- 

4230 

• 

. . blackish 

to 

to 

• 


Schorl, black prismatic, hesaedrai 

• 

• 

2500 

• 

• • ociaedral • 

- 

to 

s 

2638 


, • tourmalin of Ceylra 


to 

• 

2625 

• 

« • utigue baaaliea 

to 

to 

to 

2607 

• 

0 . • Brazilian emerald 

• 

to 

to 

2667 

a 

« • cruciform 

, 

to 

to 

2632 

a 

. e green • ^ 

to 

to 

• 

2616 

* 

0 s violet of Daophiny 


to 

m 

• 

2604 

0 

• • common • 

to 

to 

to 

2600 

Stone, paving 

• 

• 

• 

2665 

0 

• • cutlers 

• 

• 

to 


2587 

2615 

2630 

2612 

2623 

2693 

2598 

2613 


, . , grind , - - 

. . . mill . • - 

IV.' Variou* Sioite*, Earth*, IfCt 
Alabaster, oriental white 
.... ditto semi^traniparent 
, . . . yellow - - - 

.... stained brown 
a . , . veined - - 


2750 

2684 

2732 

2749 

2565 

2661 

2114 

2684 

2664 

2654 

2609 

2612 

2587 

2581 

2603 

2606 

2622 

2595 

2595 

2628 

3364 

3226 

3054 

2923 

3156 

3286 

3453 

3296 

3092 

9416 

2111 

2143 

2484 

2736 

2762 

2690 
2744 

2691 
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Alabaster^ of Piedmont 

• 

- 

• 

2693 

Alarblc» Vulcncian 


m 

2710 

, , . , of Malta 

- 

- 

- 

2699 

- • . while Grenadan 



2705 

, » • * Spanish saline 

• 

• 

• 

2713 

* • . Siennian 


• 

m 

207 8 

. , • • of Valencia 

• 

• 

- 

2618 

. • • Roman violet 



2755 

« » • * of iMiilaga 

• 

- 

• 

2876 

• . • African 



2708 

• « . . of Dalias 

- 

m 

• 

2611 

« • • violet Italian 



2858 

Amber^ yellow^ transparent 


- 

- 

1078 

• • • Norwegian 


• 

2728 

« ; • yelloWf opaque 

• 

• 

- 

1086 

• • . Siberian 



2718 

• • ♦ red 

- 

- 

• 

1083 

• ♦ . green Egyptian 

V 

a 

2668 

, • . green 


• 

• 

1083 

• < . owisseriand 

A 


2714 

Ambergris 

* 

• 

- 

926 

• • » French 



2649 

Amianthus^ long 

- 

- 

• 

.909 

. . . yellow of Florence - 



25J6 

, . * « short 

* 

* 


2313 

Obsidian stone 



2348 

Asbestos, ripe 


• 

• 

2578 

Peat, hard • • • 

• 


1329 

. . . • starry 

- 

• 

• 

3073 

Phosphorus - • • 



1714 

Basaltes, from Giant s Causeway 

• 

* 

2864 

Porcelain, Seves 

m 


2146 

Bitumen, of Judea 

- 

* 

* 

1104 

• s a . Limoges 

m 


2341 

Brick 

- 

• 

• 

2000 

• s • • China • 


• 

2385 

Chalk, Spanish 

- 

• 

• 

2790 

Porphyry, red 

• 


2765 

. . . coarse Bnanfon 


• 

- 

2727 

• « * ■ green - « . 

A 


2676 

, . . British 

• 

- 

- 

2784 

• • • • red, from Dauphiny 

m 

a 

2793 

Gypsum, opaque 

• 

• 

• 

2168 

• s • . red, from Cordova 

m 

«■ 

2754 

.... semi-transparent 

- 


• 

2306 

• • . s green, from ditto 

m 

a 

2728 

.... fine ditto 

- 

• 

- 

2274 

Pyrites, coppery 

• 

a 

4954 

.... rhbmbbidal 

- 

• 

• 

2311 

® 0 w 


m 

4702 

.... ditto 10 faces 

- 


• 

2312 

• « • ferruginous cubic 



3900 

« . * . cuneiform crystalhzed 

• 


23d6 

• s « ditto round « 

• 

a 

4101 

Glass, green 

• 

- 

• 

2642 

« s # ditto of Sl Domingo • 

• 

a 

3440 

. . . white 


- 

- 

2892 

Serpentine, opake, green Italian 

• 

a 

2430 

. . . bottle 


- 

• 

2733 

• . • • s ditto, veined black and olive 


2594 

. . . Leith crystal 


• 

- 

3189 

• • • • ditto, red and black 



2627 

. . . fluid 


• 

- 

3329 

• ♦ • . semi*tran$parent grained 

• 

a 

2586 

... of Bohemia 


• 

- 

2395 

• • s • ditto, fibrous • 

• 


3000 

. . . of Cherbourgb 


- 

- 

2560 

« • • • ditto, from Daupbinv. 



2669 

. . . of Su Cloud 


• 

• 

3255 

• • » 1 opake peoetratvd with water 

a 

2473 

Granite, red EKyptian 


- 

• 

2654 

Slate, common 


* 

2672 

. . . grey Egyptian 


• 

- 

2728 

• • new • • • 



2854 

. . . beautiful red 


- 

1 

2761 

• s black stone 



2186 

. . . red of Daupbiny 


• 

• 

2643 

s s fresh polished « * 


a 

2766 

. . . ofGirardiior 


• • 

- 

2716 

. . common, uenetraled with water 

W 

2691 

. . . violet of Gyromagny 


• 

• 

2685 

Stalactite, transparent 

• 

a 

2324 

. . . green 



m 

2684 

• . • . opake 

a 


2478 

, . . radiated 


- 

- 

2666 

Stone, pumice 

a 

\ 

915 

. . . redofSemur 


•» 


2638 

. . prismatic basaltes 

m 

a 

2722 

; . . grey of Bretagne 


- 

• 

2738 

. . touch - • _ 

m 

a 

2415 

. . . yellowish 


• 

- 

2614 

. . Siberian blue 


a 

2945 

. . . of Carinihia, blue 


- 

- 

2956 

. . oriental ditto 

m 

A 

2771 

Hone, white razor 


• 

• 

2876 

. . common 

m 


2520 

Lapis, nephriUcoa 


• 

• 

2894 

.. . Bristol 

w 

a 

2510 

. lazuli, 


- 

• 

3054 

. . Burford 

« 

«• 

2049 

. haematites 


• 

- 

4360 

. . Portland 


a 

2496 

. . calaminaris. 


- 

• 

5000 

. . rag - 


a 

2470 

. Judaicus 


• 

- 

2500 

. . rotten > • ., 


a 

1981 

* Manati 


- 

• 

2270 

. . ban! paving • * 

<• 

a 

2460 

imeatone 


- 

- 

3179 

. rock of Chatillon - 

m 


2122 

. . . white fluor 




3156 

. . clicard, fromBrachet 

• 

a 

2357 

... green 


m 

• 

3182 

. ditto, from Auchaia - 

a 

m 

2274 

Marble, green Campanian 


• 


2742 

. . NdtreDame 


a 

2378 

. . red 



m 

2724 

. . St. Maur 


• 

2034 

. . white Cassara 




2717 

. . St. Cloud • .. 


a 

220 i 

. . white Parian 


» 

• 

2838 

Sulphur, native 



20SS 

. . Pyrenean 



«» 

2720 

. . . molten . • ^ 



1991 

. . black Biscayan, 


• 


2095 

Talc, of Muscovy 


m 

2792 

• . Brocatelle 

• 


* 

2050 

• • black crayon > 


• 

2089 

. « Castilian • 




2700 

« f ditto Gennaa • •• 



2246 


I 
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'I'alc. vcilovv 


m 

2655 

Oil of 

cod-fi«h 

• 

* 

923 

black • . - 


m 

2900 

. • * of olives 

• « 


015 

white . - • 

• 

• 

270* 

• • • ofalnionds* sweet 


• 

017 





. « • volatile of mint, common 



fiOR 

V. Liquorsp Oih, ft*c. 



• • * 

4 4 of sage, 

» * 


Vi* o 

902 

Acid, sulphuric 

• 

- 

1641 

• • ♦ 

4 of thyme 

- 

• 

902 

. uiiio, highly coiicentratcrl 

w 

2125 

■ • • 

* . of rosemary 

- 

m 

906 

• nitric 

• 

• 

1271 

« • « 

. 4 of calamint 

«• « 

* 

912 

. ditto, highly concentrateti 

1 

• 

1580 

• • • 

4 . of cochlearia 

• * 

• 

9*3 

. muriatic 


• 

1194 

« • • 

• 4. of wormwood 

• • 

m 

907 

» red acetous 

• 


1025 

• • « 

• 4 of tansy 

• «• 

• 

933 

* white acetous * 

• 

• 

1014 

• • • 

• 4 of Strairan 

• • 

• 

905 

distilled ditto 

• 

• 

1010 

• * • 

4 4 of Roman camomile 

m 

80* 

. fluoric 

• 

• 

1500 

• • • 

4 • of sabine 

• • 

w 

929 

, acetic 

• 


1063 

* 

• • * 

4 4 of fennel 

• « 

* 

029 

phosphoric 

• 

«• 

1556 

• • • 

4 4 of fennel-seed 


• 

1008 

. formic 

• 

- 

994 

• ■ • 

4 • of coriander-seed 

• 

V 

866 

• citric 

• 

- 

1035 

• • • 

4 4 of carraway-seed 

• 

m 

905 

• arsenic «• 

- 


1873 

• • • 

• • of dilUseed 

• • 


913 

. of oranges 

• 

• 

1018 

« • • 

4 4 of anise-seed 

• 


987 

. of gooseberries 

* 

• 

1058 

• • • 

4 4 of juniper-seed 

• • 

m 

858 

• of grapes « 

- 


1024 

4 • • 

4 4 of cloves 


m 

1036 

Alcohol, commercial 

• 

• 

837 

» • « 

• 4 of cinnamon 

• « 


10** 

• highly rectified 

1 


829 


4 4 of turpentine 

• • 

m 

870 

AlcohoU mixed with water* 




. 

• • • 

• 4 of amber 

* «r 

<4 

887 

r 15*16ths alcohol 

• 

• 

853 

# • 4 * 

. . of the flowers of orange • 

• 

860 

• ]4-l6ths ditto 

• 

• 

867 

• 4 • 

. 4 of lavender 


m 

894 

« 13*16ths ditto 


• 

882 

• 4 • 

4 * of hyssop 



889 

. 12-I6ths ditto 

• 

m 

895 

Spirit of wine* bee AIco^cL 




1 l-I6ths ditto 

• 

• 

908 

Turpentine* liquid 


« 

991 

• 10-16ths ditto 

• 

• 

920 

Urine 

, human 

• « 

m 

1011 

t 9-I6th$ ditto 

* 

• 

932 

Water, rain - 


i» 

1000 

« S^IOths ditto 

• 

• 

943 


. distilled 

• • 

m 

1000 

• 7-lGth8 ditto 

• 

«» 

952 


. sea (average) 

• « 

* 

1026 

« 6«l6ths ditto 



960 


. of Dead-sea 

*4 • 

• 

1240 

, 5*l6(hs ditto 

* 

• 

967 

Wine, 

, of Torrins, red - 

• • 

m 

998 

« 4*l6ths ditto 

« 

• 

■ 973 


white 

• • 

m 

788 

3-ldths ditto ^ 

• 

* 

979 


Champagne, white 

/ 

m 

998 

« 2-16lh$ ditto 

• 

- 

985 


Paharet 

• 

m 

1000 

• 1-lCths ditto 


• 

992 


Xeret - 

«• • 

m 

992 

Ammoniac* liquid 

• 

• 

897 


Malmsey of Madeira 

• • 

« 

lOSB 

Beer* pale 

m 

• 

1023 


Burgundy 

m « 

A 


992 

. • brown 



1034 


Jurancon 

1 

• 

903 

Cider 

- 

* 

1018 


Bourdeaux 

• 

• 

094 

Ether* sulphuric 

- 

w 

739 


Malaga 

- 


1022 

» » nitric 

m 

w 

909 


Constance 

m w 

m 

1082 

• • muriatic 

• 

a 

' 730 


Tokay • 

• • 

• 

.1054 

• • acetic - 

• 

- 

866 


Capara 

- 

• 

1033 

Milk, wonvan^s 

m 


1020 


Port 

V ■ 


097 

. ♦ cow's 

* ass's 

• 

• 

1032 

1036 

> 

VI. Resins, Gums, and minimal Suistances, tfc. 

ewe's 


• 

1041 

Aloes, socotrine. 


• 

1380 

• * goat's. 

• 

• 

1035 

• 

hepatic • 

- 


1359 

• . mare^s 


■ 

1034 

Asafoctida* ^ 

• 

■ 

1328 

• • coVs clarified « 

• 


1019 

£ees-wax* yellow 

\ ^ 

m 

965 

Oil of filberts • 

• 

• 

916 

• • 

4 4 white * 

- 

m 

969 

* / • of walnuts - 

• 


923 

Bone of an ox 

• 

w 

• 1656 

• , • of hempseed 


. ■ 

926 

Batter 

- 

m 

9*2 

• * « of poppies 


« * 

924 

Calculus humanus 

• 

m 

1700 

• • • of rape^seed 

r 

• 

919 

4 • 

. qitto 

• 

44 

12*0 

. . . of lint-seed 



940 

0 4 

. ditto 

*4 A 

* 

143* 

. . . of poppy-seed - 

4 

• 

929 

Gam] 

phor 

^ W 

• 

989 

. . . of whale 


• 

923 

Copa 

X opake 

m * 

• 

1140 

. . . of ben, (a tree in Arabia) 

L 

* 

912 

• 4 

MadagaKar 

m 

• 


1060 

... of beechmast 

m 

• 

918 

• » 

Chinese 

w m 

m 

106S 
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Crassamentam, liuman blood 
Dragon's blood 

Elemi 

Fat, beef - - - 

. . bog’s - - . 

. . mutton ... 

. . veal ... 
Galbanuni ... 
Gambogf ... 
Gum« ammoniac 
. . Arabic 
. . Euphorbia 
. . seraphic 
« . tragacanth 
. . bdellium 
. . scammoiiy orSmyma 
. . ditto of Aleppo 
Gunpowder, shaken 
. . . . ill a loose heap 
.... solid 
Honey 
Indigo 
Ivory 

Juice of liquorice 
. . of acacia 
Labdanum 
Lard 
Mastic 
Myrrh 
Opium 

Scimmnny. See Gum. 

Serum of human blood 
Spermaceti 
Storax 
Tallow 

Terra Juponica 
Tragacanth. See Gum, 

Wax. See Btct-wax. 

. . shoemaker's 


Alder 

Apple-tree 

Alb, the trunk of 

Bay-tree 

Beech 

Box, French - 
. . Duuh 
. . Brazilian red 
Campechy wood 
Cedar, wild 
. . . Palestine 
. . . ‘Indian 
. . . American 
Citron 

Cocoa-wood - 

Cherry-tree 

Cork 

Cypress, Spanish 
Bbony, American 
. . . Indian 
E1der-tre« 

Elm, trunk of 
Filbert-tree 
Fir, male 
- . female 
Hazel 
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• 

• 

1126 

Jasmin, Spanish 

. 

. 


- 

• 

1205 

Juoiper*tice 




• 

• 

1018 

Lemon*tree 




- 

- 

923 

Lignum vitae 




• 

- 

937 

Linden*tree 




- 

• 

w'24 

Logwood. Soe Gtmpuhj/s 




• 

• 

934 

^fastick•tree 




• 

A 

1212 

iMahogauy 

* 



• 


1222 

Maple 

• 



• 


1207 

Medlar 

• 


• 

• 

m 

1452 

Mulberry, Spanish 


• 


• 


1124 

Oak, heart of, 00 years old 

m 

• 


- 

A 

1201 

Olive-tree 


A 


- 


1316 

Orange-tree - 

• 

• 


• 

m 

1372 

Pear-tree 





A 

1274 

Pomegranate-tree 

• 

• 

• 

- 

A 

1235 

Poplar 




- 

- 

937 

• - • white, Spanish 


• 


m 

• 

836 

Plum-tree 

• 



• 

• 

1745 

Quince-tree 

• 

• 


• 

* 

1450 

Sassafras 

* 


m 

• 

• 

769 

Vine • • 

• 

•» 


* 

• 

1826 

Walnut 

* 



• 

• 

1723 

Willow 





• 

■ 1515 

Yew, Dutch • 

a 




n. Woods. 


770 

556 

703 

1333 

004 

849 
1063 
750 
944 
897 
1ITO 
927 
705 
661 
1354 
383 
529 
785 
705 
482 
1327 
671 
585 
788 
807 


948 

1074 

1360 

1336 


For the Weight and Specific Gravities of the different 
Gases, see the article Gas. 

These numbers being the weight of a cubic foot, or 
1728 cubic inches, of each of the bodies, in avoirdupois 
ounces, by proportion the quantity in any other weight, or 
the weight of any other quantity, may be rea<lily known. 

h'or Example. Required the content of an irregular 
block of common stone which weighs 1 cwt, or 112lb, or 
1792ounces. Ilere,as2500: 1792':: 1728: 1228| cubic 
inches the content. 

Example 2. To find the weight of a block of granite, 
whose length is 63 feet, and breadth and (liickni'ss each 
12 feet; being the dimensions of one of the stones, of gra¬ 
nite, in the walls of Baibcek. Hcre,63 x 12 x 12 —9072 
feet is the content of the stone; therefore as 1 : 9072 :: 
3000 oz. : 272l0'000 oz. or 759 tons 7 cwt. 2 qrs. the 
weight of the stone. 

XI. A body descends in a fluid specifically lighter, oi 
ascends in a fluid specifically heavier, with a force cquni 
to the difierence between its weight and that of an equal 
bulk of the fluid. 

XII. A body sinks in a fluid speciflcally heavier, so far 
as that the weight of (be body is equal to the weight of a 
quantity of the fluid of Uic same bulk as the part im¬ 
mersed. Hence, ns the specific gravity of the fluid is to 
that of the body, so is the whole inugiiitudc of the body, to 
the magnitude of the part iramersc^l. 

XIII. The specific gravities of equal solids, arc as their 
1040 P&rl’ immersed in thoadme fluid. 

715 The several theorems here delivered, are both demon- 
240 strablc from the principles of mechanics, and aro also 
044 equally conformable to experiment, which answers exactly 
to the calculation; as is abundantly evident from the 
courses of philosophical experiments, so frequently exhi¬ 
bited; where the laws of specific gravitation are well il¬ 
lustrated. 

GREAT BEAR, one of the constellations in the nortb- 
550 em hemisphere. See Ursa Major. 

496 Great Circles, of the Globe or Sphere, arc thoso 
600 whose planes pass through the centre, dividing it into two 


1030 

943 

1110 

942 

1398 


897 


800 

793 

845 

822 

852 

912 
1328 
1031 

913 
506 
613 

1315 

561 

726 


1331 

1209 

695 

671 

600 
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equal parUor hemispheres, and therefore having the same 
centre and diameter with the sphere itsedf. The principal 
of these arc, the equator, the ecliptic, the horizon, the 
meridians, and the two colurcs. 

GuEAT-CiRCLt Sailisg, IS the art of conducting a 
ship along the arc of a great circle* And it is also that 
part of the theory of navigation which treats of sailing in 
the arc of a great circle. See Navigation. 

GREAV tS (Joii n), an eminent astronomer, antiquary, 
and linguist, was born in l602, being the eldest son of 
John Greaves, rector of Cokmorc, near Alrcsford in 
Hampshire, and master of a grammar-school, where hb 
son of course was well grounded in the primary rules of 
litcmture. lie then went to BaliokcoUege, Oxford, in 
1617 ; hut afterwards, on account of his skill in philoso¬ 
phy and polite literature, he was the first of five that wore 
elected into Merton-collegc. Having read over all the 
ancient Greek and Latin writers, he applied to the study 
of imtunil philosophy and mathematics; and having con¬ 
tracted nn intimacy with Mr. Briggs, Savilian professor of 
geometry at Oxford, and Dr. Bainbrulgc, Savilian profes¬ 
sor of astronomy thens he was animated by their examples 
to prosecute that study with the greatest industry. Not 
being content, however, wiili reading the writings of Pur- 
bach, Regiomontanus, Copernicus, iycho Brah^, Kepler, 
and other celebrated astronomers of that and the pre¬ 
ceding ago, lie made the ancient Greek, Arabian, and Per¬ 
sian authors familiar to liirn, having before gained ao ac¬ 
curate skill in (ho oriental languages. These accomplish¬ 
ments procured him the professorship of geometr)* inGre- 
sham-college London, in t6d0 ; and at the same time be 
held hU fellowship of Merton-Ctdlcgc. 

In a journey to the continent, in 1635, he visited the 
celebrated Golius, professor of Arabic at Leyden, and 
Claud Hardy at Paris, to converse about the Persian lan¬ 
guage. Hence he passed through Italy, and accurately 
surveyed the venerable remains of antiquity at Rome, vi¬ 
siting and corresponding everywhere with the most learned 
men of every nation. After visiting Padua, Florence, and 
Leghorn, he hence embarked for Constantinople, where he 
arrived in 1638. 'rhciicc be passed over to Uhodcs, and 
Alexandria in Egypt, where he staid four or five months, 
and made a great number of curious observations. He 
next went (0 Grand Cairo, and measured the pyramids; 
and while there he adjusted the measure of the foot, ob¬ 
served by all nations. Hence he returned again through 
Italy, and arrived in England in the year 1640, having 
stored his mind with a variety of curious knowledge, and 
collected many valuable oriental manuscripts and an¬ 
cient curiosities. \N0)ile at Home he made a particular 
inquiry into the true state of the ancient Weights and mea¬ 
sures. 

On the death of Dr. John Bainbridge, in l643i he was 
chosen Savilian professor of astronomy at Oxford, agd 
principal reader of Linacrc’s lecture in Merton-coUego; an 
appointment for which be was eminently qualified, from 
his critical acquaintance with the works of the ancient 
and'modern astronomers. In 1645 he proposed a method 
of reforming the calendar, by omitting the intercalary day 
for 40 years to come: the paper relating to which, was 
published by Dr. Thomas Smith, in the Philos. Truns. for 
1699. In 1646, he published his Pyramidogrephia, or 
Description of the Pyramids of Egypt; and, in* 1647, his 
Discourse on the Roman Foot and Denarius; from which, 
as from two principles, the measures and weights used by 
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(be ancients may be deduced. He also poblisbe d lercra 
other curious works concerning antiquities, &c. 

Soon after publishing the last-mentioned book, he was 
ejected, by the parliament visitors, from the professorship 
of astronomy and fellowship of Merton-collegc ; when the 
soldiers committed many outrages, breaking open his 
chests, and destroying many of bis manuscripts; which 
greatly affected him. On this occasion he retired to Lon¬ 
don, where he afterwards married, and prosecuted bis stu¬ 
dies with great vigour, as appears from several of his phi¬ 
losophical and theological writings. This however proved 
but a transient happiness to him; for be died at London, 
the 8th of October l652, before he was quite 50 years of 
age; and left his astronomical instruments to the Savilian 
library in Oxford, where they arc deposited. 

GREEK Orders, in Architecture, arc the Doric, Ionic, 
and Corinthian ; in contradisUnctiou to the two Latin or¬ 
ders, viz the Tuscan and Composite. 

GREEN, one of the original colours of the rays of light, 
or of the prismatic colours exhibited by the refraction of 
the rays of light. This is the pleasantest of all the colours 
to the sigliL And hence it has been inferred as a proof of 
the wisdom and goodness of the Deity, that almost all to* 
gctablcs, clothing the surface of the earth, are green; 
which they arc when growing in the open air; though 
those in subterraneous places, or places inaccessible to 
fresh air, are white or yellow. See Curomatics, and Co¬ 
lours. 

GREGORIAN Calendar, so called from Pope Gre¬ 
gory the 13th, is the new or reformed calendar, showing 
the new and full moons, with the time of Easter, and the 
other moveable feasts dc|>ending on it, by means of cpacts 
disposed through the several months of the Gregorian 
year. 

Gregorian Bpoch^ is the epoch or time, from which 
the Gregorian ci^lendar, or computation, took place. This 
began in the year 1582; so that the year 1800 is the 218th 
of this epoch. 

Gregorian Telescope ^ a particular kind of telescope, 
invented by Mr. James Gregory. See Telescope. 

Gregorian Fcor, the new account, or new style, in¬ 
troduced on the rd'ormation of the calendar, by PopcGre- 
gory the 13th, in the year 1589, and from whom it took 
its name. This was introduced to reform the old, or Ju¬ 
lian year, established by Julius Cssar, which consisted of 
365 tlays 6 hours, or 365 days and a<inartcr, that is three 
years of 365 days each, and the fourth year of 366 days. 
But as the mean tropical year consists only of S65ds. 5hrs. 
48in. 57sec.the former lost 11 min. Sscc. every year, which 
in the time of Pope Gregory had amounted to 10 days, 
and who, by adding these 10 days,brought thp account of 
time to its proper day again, and at the same time ap¬ 
pointed that every century after, a day more should be 
added, thereby making the years of the complete centu¬ 
ries, viz, the 17th> I8lh, IJtb, aist, which are not ex¬ 
actly divisible by 4, &:C| to be common years of 365 da^ 
each, instead of leap-years of S66 days, which makes the 
mean Gregorian year equal to 365d$. 5hrs«45m, S6sec; 

This computation was not introduced into tbo account 
of time in England, till the year 1752, when the Julian 
account bad lost i 1 days, and therefore the Sd of Septem¬ 
ber was in that year, by act of parliament, accounts the 
14th, thereby restoring the 11 days which had thus been 
omitted. See Year. 

GREGORY (James), one of the most cetebmted ma- 
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ihcmaticians of ihc I7th century, was the son of the Rev, 
John Gregory, inini'^ter of Drunioak in iho county of 
Aberdeen, and born at Aberdeen in NovcinbiT l638or-9. 
His inotluT was a <laughler of Mr. David Arulcrson of 
Finraugh, or Fnisinkugh, a gentlemnn uho possi>s^cd a 
singular turn for tiiatheiiiatical and im-cbanical knovvled<>e. 
I'his mathomutical geruus was hereditary iii the family of 
the /\ndersuns, and from tliein it a|ipears to lia%‘e t^en 
transmitted to their <te^cendants of the names of Gregory, 
Reid, &c. Alexander Anderson, cousin-german of ilie 
said David, was professor ol mathematics at Paris in ibe 
beginning of the 17th century, and published there several 
valuable ami ing(M)iou» works; as may be seen in theme- 
moirs of his life and writings, under the article Ander- 
soK* The mother of James Grog<iry inherited the genius 
of her family; and observing in her son, while yet a child, 
a strong propensity to mathematics, she instructed him 
herself in the elements of that science. Ili$ education in 
the languages he rtHreived at the grammar-school of Aber¬ 
deen, and went through tlic usual course of acadeniical 
studies in the Marischal college; but he was chiefly de¬ 
lighted with philosophical researches, into which a new 
door had lately been opertod by the key of the mathc- 
tnatics. Galileo, Kepler, Descartes, &c, were the great 
masters of this new method: their works therefore became 
the principal study of young Gn^gory, who soon began to 
make improvements on their discoveries in Optics. I'hc 
first of these improvements was the invention of the re¬ 
flecting telescope; the Construction of which instrument 
he published in bis Optica Promota, tn 16G3, at 24 years 
of age* This discovery soon attracted the attention of the 
mathematicians, both of oar own and of foreign countries, 
who immediately perceived its great importance to the 
sciences of optics and astronomy. But the manner of 
placing the two specula on the same axis appearing to 
Newton to be attended with the disadvajitagcof losing the 
central rays of the larger speculum, he proposed au im- 
provomoiu on the instrument, by giving an oblique posi¬ 
tion to the smaller speculum, and placing the eye-gUss in 
the side of she tube. It is observable, however, that the 
Newtonian construction of that instrument was long aban¬ 
doned for the original or Gregorian, which is now always 
used when the instrument is of a,moderate size; though 
Hcnchcl has preferred the Newtonian form fur the con¬ 
struction nf those immense telescopes, which ho has of late 
so successfully employed in observing ihc heavens* 

About the year 1664 or l6G5, coming to London, he 
became acc|uain(ed with Mr. John Collins, who recom¬ 
mended him to the best optic glass-grinders there, to have 
his telescope executed* But as this could not be done for 
want of skill in the artists to grind a plate of metal for (be 
object-spcculum into a true parabolic concave, which the 
design required, he was much discouraged with the dis- 
upoinimcnt; and after a few imi>crrect trials made with an 
iU-poli^bed spherical one, which did not succeed to his 
wish, he gave up the pursuit, and resolved to make the 
tour of Italy, then the mart of mathematical learning, t]iat 
he might prosecute his favourite study with greater ad van¬ 
tage* And the university of Padua being at that time in 
high reputation for mathematical studies, Mr. Gregory 
fixed bis residence there for some years* Here it was 
that he published, in I6G7, Vera Circuit ct Hyperbolse 
Quadra turn; in which he propounded another discovery 
of bis own, the invention of an infinitely converging series 
for the areas of the circle and byperboia*. lie sent (0 
VoL. 1. 


EnglunJ acopyof ilii» «o.k lo his fritiid Mr. Colims, wl.c 
communicalod ji lo che Roval Society, where* it met with 
the coniiiundarious ol U>nl Brounkcr and Dr. Wallis. 
Ho reprinted it at \ ^ the year following, to wliicii bo 
added a now work,enti(K'd OVoinelna? Purs Ui)iversali5<, 
insiTvicns QuHiiiitatum Curvarum Transmutatiunj el Men- 
surse; in which he 1$ allowed lo have shown, lor the fust 
time, a method for the transmutation of curves* l'be>o 
works engaged the notice, and procured the author the 
com-spondenco, of the greatest mathematicians of the age, 
Newton, Huygens, Wallis, and oilicrs. An account of 
this piece was also read by Mr. Collin^ before the Royal 
Society, of which Mr* Gregory, being returned from his 
travels, was chosen a member the same year, and com¬ 
municated to them an account of a controversy in Italy 
about the motion of the earth, which wasdenicMl by Uicci- 
oli and his followers.—Through this channel, in particu¬ 
lar, be earned on a dispute with Mr. Huygens on the oc¬ 
casion of his treatise on the quadrature of the circle and 
hyperbola, to which that great man had started some ob¬ 
jections; in the course of which our author produced 
some improvements of his series* But in this controversy 
it happened, as it generally does on &uch occasions, that 
the antagonists, though setting out with proper c<mlness, 
yet grew too warm in the combat* This was the case 
bcTc, especially on the side of Gregory, whose defence was, 
at his own request, inserted in the Philosophical I ransac- 
lions* It is unnecessary lo enter into paxliculors : suffice 
it therefore to say, that, in the opinion of I*eibni(z, who 
allows Mr, Gregory the highest merit for his genius and 
discoveries, M. Huygens has pointed out, though not 
errors,some considerable dcliciencic»s in the treatise abr>ve 
mentioned, and shown a mucit simpler method of attain¬ 
ing the same end. 

in l668>our author published at London another work, 
entitled, Hxercitationes Gcumetricir, which contributed 
still much farther to extend his reputation. About this 
time he was elected professor of^nathematics in the uni¬ 
versity of St. An<ircws, an office which lie held for six 
years* During his it*sidence there, he married, in iGGt), 
Mary, the daughter* of Gcoige Jameson, the celebrated 
painter, whom Mr. Walpole has termed the Vandyke of 
Scotland, and who w*as fellow-disciple with (hat great artist 
in the school of Rubens at Antwerp* 

in IG72, he published The Great and New Art of 
weighing Vanity: or a Discovery of rhe Ignoraiico and 
Arrogance of the Great and New Artist, in las Ps<*udo- 
pbilosopbical Writings* By M* Patrick Maibet'S, arch- 
bedal to the University of St. Andrews. To which arc 
annexed some Tcntamina dc Mo(u Pciiduli et Prujcc- 
torum*'^ Under this fictitious name, our author wrote this 
little piece to expose the pretended ignorance of Mr. 
Sinclar, professoj at Glasgow, in his h^drostaiical wri¬ 
tings, and in return for some alleged ill usage of that ou- 
lltor to a colleague of Mr* Gregory^s. I’ho same ytiar, 
Newton, on his wonderful discoveries in the nature of light, 
contrived a new reflecting telescope, and made several 
objections to Mr.GregoryV This gave birth to adispuie 
between (hose two philosophers, which was* carried cm 
during this and the following year, in the most amicable 
manner on both sides; Mr* Gregory (KTendlng liis own 
construction, so far, as to give his antagonist the whole 
honour of having made the catoptric telescopes pMerabte 
to the dioptric; and showing, that the impurfetlions in 
these instruments were not so much owing to a defect in 
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the objecMpcciilmitj as to the different refrangibility of 
the nvysof light. In the course of this dispute, our author 
dibc/i’hcd a burning concave mirror, which was approved 
h'y^'ewton, and is still in good esteem. Several letters 
thVl passed in this dispute, are printed by Dr. Desnguliers, 
iCan Appen<lix to the English edition of Dr. David Gre- 
■;or\ ‘s Elements of Catoptrics and Dioptrics. 

In 1074, Mr. Gregory was called to Edinburgh, to fill 
tlic chair of mathematics in that university. 1 hts place 
he had held but little more than a year, when, in October 
1675, being employed in showing the satellites of Jupiter 
through a telescope to some of his pupils, he was sudden y 
struck with total blindness, and died a few davs after, to the 
great loss of the mathematical world, at (‘nlySb years of age. 

As to his character, Mr. James Gregory was a man ol a 
very acute and penetrating genius. His temper was in 
some rk-gn-ean irritable one, as appears from his conduct 
ill the dispute with Huygens; and, conscious perhaps of 
his own merits ns a discoverer, beseems to have been jea¬ 
lous of losing any portion of his reputation by the im- 
iirovenienls of others upon his inventions. He possessed 
one of the most amiable characters of a true philosopher, 
that of being content with his fortune in his situation. 
But the most brilliant part of his character is that of his 
inatlicmatical genius as an inventor, which was of the first 
order; as will appear by the following list of his inven¬ 
tions and discoveries. Among many othei-s may be 
reckoned, liis Reflecting Telescope;—.Burning Concave 
Mirror;—Quadrature of the Circle and Hyperbola, by 
an infinite converging series ; — his method for the 1 rans- 
formation of Curves;—a Geometrical Demonstration of 
lord Brounker’s series for Squaring the Hyperbolahis 
Demonsirnlion that the Meridian Line is analogous to a 
scale of Logarithmic Tangents of the Half Complements of 
the Latitude;—he also invented and demonstrated geo¬ 
metrically, by help of the hyperbola, a very simple con¬ 
verging series for niakii^ the logarithmshe sent to Mr. 
Collins the solution of The famous Kcplerian problem by 
an infinite series ;--hc discovered a method of dravying 
Tangents to Curves geometrically, without any previous 
calculationsa rule for the Direct and Inverse method 
of Tangents, which stands upon the sam^ principle (of ex¬ 
haustions) with that of fluxions, and differs not much from 
it in the manner of application ; a Series for the length of 
the Arc of a Circle frotn the Tangent, and vice versa; as 
also for the Secant and Logarithmic Tangent and Secaiil, 
and vice versa:—these, with others, for measuring the 
length of the elliptic and hyperbolic curves, were sent to 
Mr. Collins, in return* for som^received from him of New¬ 
ton’s, in which he followed the elegant example of this au¬ 
thor, in delivering his series in simple terms, independent 
of each other. These and other writings of our author arc 
mostly contained in the following works, vi*, 

1. Optica Promota; 4to,‘London l663. 

2. Vera Circuli et Hyperbolae Quadraiiira; 4to, Padua 
]66'7 and 1668. 

3. GeometritB Pars Universalis ; 4to, Padua I008. 

4. Excrcifationes Geometric®; 4to, London 1668. 

5. The Great and New Art of weighing Vanity, &c. 
8vo, Glasgow l672. 

The rest of his inventions make the subject of several 
letters and papers, printed cither in the Philos. Trans, 
vol. 3 ; the Coromerc. Epistol. Joh. Collins et Aliorum, 
8vo, 1715; in the Appendix to the English edition of Dr. 
David Gregory's Elements of Optics, 8vo, 1735, by Dr. 


Dcsaguliers; and some scries in the ExercitaUoGeomelrica 
of the «amc author, 4to, lC84, Edinburgh ; as well as iu 
his little piece on practical geometry.—In different parts 
of the foregoing works, of James Gregory, are found seve¬ 
ral ingenious thoughts and inventions, that havesotnetimes 
been attributed to later periods and authors. Thus, at the 
end of the Optica Promota, is a collection of curious as¬ 
tronomical problems, conceived and resolved in a very 
masterly manner; in a scholium at the cud of one of which 
(pa. 130), is remarked the use to be made of the iran^tsof 
Venus and Mercury, in determining the sun's parallax; 
an idea which, I think, has usually hecn ascribed to Dr. 
Halley. 

Guegoby (Db. David), Savilian professor of astro¬ 
nomy at Oxford, was nephew of the above-mentioned Mr. 
James Gregory, being the eldest son of his brother Mr. 
David Gregory of Kinardie, a gentleman who had the sin¬ 
gular fortune to see three of his sons professors of matbe- 
matics, at the same time, in three of the British universi¬ 
ties, viz, our author David at Oxford, the second son 
James at Edinburgh, and the third son Charles at St. 
Andrews. Our author David, the eldest son, was born at 
Aberdeen in 166I, where he received the early parts of bis 
education, but completed his studies at Edinburgh; and, 
being possrtsed of the mathematical papers of his uncle, 
soon”distinguished himself likewise ns the heir of his 
genius. In the 23d year of his age, be was elected pro¬ 
fessor of mathematics in the university of Edinburgh; 
and, in the same year, be published Exercitatio Gco- 
metriende Dimensione Figurarum, sive Specimen Mothodi 
gcneralis Dimetiendi quasvis Figiiras, Edmb. 1684, 4to. 
Ho very soon perceived the excellence of tho Newtonian 
philosophy; and bad the merit of being the first who in¬ 
troduced it into the schools, by his public lectures at 
Edinburgh. “ He had (says Mr. Wbislop, in the Memoirs 
of his own Life, i. 32) already caused several of his scho¬ 
lars to kiep acu, as we call them, on several branebes-of 
the Newtonian philosophy: while wc at Cambridge, poor 
wretches, were igiiominiously studying the fictitious hypo¬ 
thesis of the Cartesian.*' • 

On the report of Dr. Bernard's intention of resigning the 
Savilian professorship of astronomy at Oxford, our author 
went to Undon in I69I; and being patronised by New¬ 
ton, and warmly befriended by Mr. Flamsteed the astro¬ 
nomer-royal, he obtained the vacant professorship, for 
which Dr. Halley was also n competitor. This rivalsbip, 
however, instead of animosity, laid the foundation ^f 
friemiship between these eminent men; and Halley soon 
after became the colleague of Gregory, by obtaining the 
professorship of geometry in the sameunivenily. Ourau- 
thor had not long remained in London after bis arrival, 
fore he was elected a fellow of the Royal Society; and, 
previously to bis election into the Savillian professorship, 
had the degree of doctor of physic conferred on him by 

the university of Oxford. •. 

In 169J, he iiublUhcri in the Philos. Trans, a rcsoluUon 
of ihe Florentine problem De Testudine veliformi quadrae 
bill; and he continued to communicate to the public, 
IVoin lime to time, many ingmious niailiematical papers 

tbruueh the same ebanneU _ 

In 1695, be printed at Oxford, Catoptric* et Dioptric* 
Sphteric® Eleroentn; a work which, we are informed in 
the preface, contains the substance of some of his public 
lectures read at Edinburgh, eleven yean beforci ^ 
luablc treatise was republished in English, fintwith addi- 
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tions by Dr. William Brown, with the* recnmmondatiui) of 
Mr. Joju-s un<] Dr. Dcsagulii>r>; ami afccrwards by the 
liitti'i of ihcse gciillcmc'ii, with nn ap|>en(tix conti-.iiiiii" an 
account ol'tlie Gn-goriiin uiid Newtonian telescopes, los'c- 
ther with Mr. Mu<lK*y’*> tables for tb»' Ccuutruetion of both 
those instruments. It may not be unworthy «>f nm.iik, 
that, in the conclusion of (his treatise-, there is an ob't-re.n- 
tion which shows, (hat (he- construction of achromatic te- 
lesc^cs, which .Mr. Dollond has carried to such sreat per- 
fcCtiOT, had occurred to the mind of Dnid Gregory, from 
rutleciing on the admirable contrivance of natuie in com- 
b nitxa the did'ereiit huinoucs of the eye. The |>assase is 
as follows: “ Perhaps it would be* of service to make the 
obJcct-K-ns of a ditrorciit iiiediuin, as we se-c done in the 
fabric of the e-ye; where the crysullim- humour (whose 
power of refracting the rays of light diril-rs very little from 
tliat of glass) is by nature, who never does any thing in 
•vaiii^ joine-d with the aqueous and vitreous humours (not 
differing from water as to their power of refraction), in or¬ 
der that the image may be painted as distinct as possible 
on tlie bottom of the eye." 

In 1702 our author published at OKford, in folio. As- 
tronomix Physica; el GcoinetricarElcmenta; a work which 
is accounted his master-piece. It is founded on the New¬ 
tonian doctrines, and was esteemed by Newton himself as 
a most excellent explanation and defence of bis philosophy. 
In the following year he gave to the world an edition, in 
folio, of the works of Euclid, in Greek and Latin; being 
done in prosecution of a design begun by his predecessor 
Dr. Bernard, of printing the works of all the ancient 
mathematicians. In tliis work, which contains all the 
treatises that have been attributed to Euclid, Dr. Gregory 
has been careful to point out such as he found reason, 
from internal evidence, to believe to be the productions of 
some inferior geometrician. In prosecution of the same 
plan, our author engaged soon after, with his colleague 
Dr. Halley, in the publication of the Conics of Apollo¬ 
nius; but he bad proceeded only a little way in this un¬ 
dertaking. when be died at Maidenhead in Berkshire, in 
1710, being the 49th year of his age only. 

Besides those works published in our aothor’s lifo-timc, 
as mentioned above, he had several papers inserted in the 
Philos. Trans, voi. 18, I9, 21, 24, and 25, particularly a 
paper on the catenarian curve, £rst considered by our au¬ 
thor. He left also in manuscript, A Short Treatise of the 
Nature and Arithmetic of Logarithms, which is printed 
at the end of Krill's translation of Commandine's Euclid ; 
and a Treatise of Practical Geometry, which was after¬ 
wards translated, and published in 1745, by Mr. Maclaurin. 

Dr. David Gregory married, in 1695, Elizabeth, the 
daughter of Mr. Olipaant of Langtown in Scotland. By 
this lady he hud four sons, of whom, the eldest, David, 
was appointed regius professor of modern history, at Oxford 
by King George the 1st, and died at .an advanced age in 
1767, after enjoying for many yeans the dignity of dean of 
Christchurch in that oniversity. 

When David Gregory quitted Edinbui^h, bh was suc¬ 
ceeded in (he professorship at that university, by his bro¬ 
ther James, likewise an eminent mathematician; who held 
that office for 53 years, and, retiring in 1725, was suc¬ 
ceeded by the celebrated Maclaurin. A daughter of this 
professor James Gregory, a young lady of great beauty 
and accompiiihinents, was the victim of an unfortunate 
asuehraent, that furnished the subject of Mallet's well- 
known ballad of William and Margaret. 


Another brother, Clu-»rh-s, was created professor of ma¬ 
thematics at St. Xmlnws byQuecnAimi-.in 1707. This 
oltice he held with i.putation and ability for 32 years; 
and, ri-sigiiiDg :n 17oO, w.is succeed* d by his son, who cmi- 
neiiily inlicnted the lali-iusof his family, and tlied in 1763. 
So nefarlhev ParticiluTS of the Family of the Gregorys and 
Andenofs, commuiueuted by Dr. Thoinas Reid, Professor 
o/.l/oro? Phihsup'iy tn the University of Glasgow, a Ne~ 
phew of the late Dr. David Gregory Saviiitan Professor 
at Oxford. 

Some account of the family of the Gregorys at Aber¬ 
deen, is given in the Life of the late Dr. John Gregory pre- 
lixed to his works, printed at Ldinburgh 17S8, io four 
small 8vo volumes. 

Who was the author of that Life, or whence he obtu'n. 
ed his luformalion, 1 do not know. I have heard it ascribi <1 
to Mr. Tytler the younger, wliose lather wa^ uppninie.l 
one of the guardians of Dr. John Gregory's children. Some 
additions to what is contained in it, and a few remarks 
upon it, is all 1 can fiiriiisb on this subject. 

Pages. 1 know nothing of the education of David An¬ 
derson of Fiiizaugh. He seems to have been a self-tauglit 
engineer. Every public work which surpassed the skill of 
common artists, was committed to the management of Da¬ 
vid, Such a reputatioo he acquired by his success in 
works of this kind, that with the vulgar he got the by¬ 
name of Davie do a’ thing, that is, in theScotlish diaket, 
David who could do every thing. By this appellation he 
is better known than by his proper name. He raised the 
great bells into the steeple of the principal church : he cut 
a passage fur ships of burden through a ridge of rock un¬ 
der water, which crossed the entrance into the harbour of 
.Aberdeen. In a long picture gallery at Cullen House, the 
scat of (he earl of Findlater, the wooden ceiling is painted 
w ith several of the fables of Ovid’s iMetamorphoscs. The 
colours arestiil bright, and (he represematioii lively. I he 
prt>seiit carl's grandfather told rac that this painting was 
the work of David Anderson my ancestor, whom be ac¬ 
knowledged as u friend and relation of his family. 

isuch works, while they gave reputation to David, suited 
ill with his proper business, which was that of a mercliaiU 
ill Aberdeen. In that he succeeded ill; aud having given 
up mercantile business, from a small remaindir of his for¬ 
tune began a trade of making malt; and after instructing 
Iris wife in the management of the same, left it to her care, 
and wenuintu England to.try Iris fortune ns an engineer; 
an etqployment which in bis own country he hud pracrisv-d 
gratuitously. Having in that way realised a fortune which 
satisfied him, he returned to Aberdeen, where his wife had 
olso madcunoney by her inalting business. 

Afu-r making such provision for their children as they 
thought reasonable, they agreed that the longest liver of 
the two should enjoy the remainder, and at death should 
bequeath it to certain purposes in the manugeincnl of the 
magistrates of Aberdeen. 

The wife happened tu be the survivor, and fulfilled what 
had been concerted with her husband. Her legacies, well 
known in Aberdeen, are called after her name Jane Guild’s 
Mortifications, a mortification in Scuts law signifying a 
bequeathment for some charitable purpose. They consist 
of sums for different purposes: for orphans, for the edu¬ 
cation of boys and girls, for unmarried gentlewiimen, and 
for widows; and they still continue to be useful to maiiy 
in indigent circumstances. She was the daughter of Dr. 
Guild, a minister of Aberdeen. Besides her mouev, she 
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bequeathed a piece of tapestry* wrought by her own lianil, 
4iiui n pri'seiiiitig the history ol queen Esther, from draw¬ 
ing matie by her husbanci. The tapestry continues to 
oinuiTunt the whII ot the principal church. 

In the same page it is sai(t that Alexander Anderson, 
(Jitdc ssor oi inuthemntics at Paris, was the cousin-german 
i'i D.iv itl abiive-inonlioned, I know not the ♦writer's au- 
ifu'vrty J(»r this; I ha\c always undei'Stood that they were 
brothers; but for this t have only family tradition. 

I’age 4. h is here related that James Gregory svas instruct* 
ed in the Elements of Euclid by his mother, the daughter of 
David Andel^r)ll. 'Mic account I have heard tliffers from 
this. It is, that his brother Davitl, being ten or eleven 
years older. ha<l the tliiection of his education after their 
father's <ieatli, and, wlten Janies had finished his course of 
philoiKijdiy, was at a loss to what literary profession he 
shcMihl dir< cl lilin. Alter snnie unsuccessful trials, he pul 
Eiiclids Ehtnents into his hand, and finding that he ap* 
plied to Euclid with gnat avidity and success* he cncoti* 
raged an<l assisted liim in his mathematical sttidies. 1 his 
tradition agrees with what James (ntgory says in the pre¬ 
face to his Optica Promota; whore after menlionnig his 
advance Xn the 26ih propusitiun* he mUb, Ubi din ii®si 
ojnnc spe pr<»gre(liendt orbatus, sed continuis hortatibus ct 
auxiliis fratns mei Davidis (iregorii, in Maihematicis non 
])nrum versati (cur si quid in hisce Scientiis pncslitero, me 
illud deberc non inticias ibo) nnimatus, tandem incidi 6cc. 
Whether David had been instructed in mathematics by his 
mother* or had any living instructor, I know imt. 

Page 5, 6\ In these two pages I think the merit of Gre¬ 
gory compared with that of Newton in the inv(*ntion of the 
catoptric telescope, is put in a light more unfavourable to 
Newton than is just. Gregory, believing that the imper¬ 
fection of the dioptric telescope arose solely from the sphe¬ 
rical figure of the glasses, invented his telescope to remedy 
that imperfection. Being less conversant in the practice 
of mechanics* lie did nototlcnipl to make any model. The 
specula of his telescope^ required a degree of polish and a 
figure w hich the best opticians of that age were unable to 
osecule. Newton demonstrated that the imperfection of 
the dioptric lidcscope arose chietly from the dilfcrent re- 
frangibility of the rays of light; he demonstrated also that 
the catoptric telescope required a degree of polish far be- 
ydnd what was noccssory for the dioptric. He made a mo¬ 
del of his telescope; and finding that the best polish which 
the opticians could give, was insu/Ticienl, he improved the 
polish with his own hand, so as to make it answer the in¬ 
tended purpose, and has described most accurately the 
manner in which he did this. And, had ho not given this 
example of the practicability of making a reflecting tele¬ 
scope* it is probable that it would have passed as an im¬ 
practicable idea to this day. 

Page 11. To what is said of this.?amcs Gregory might have 
been added, that he was led hy analogy to the true law of 
Uefraction, not knowing that it was discovered by Des¬ 
cartes before (sec Preface to Optica Promota); and that 
in 1670 having received, in a letter from Collins, a series 
for the area of the zone of a circle, and as Newton had 
invented an universal method by which he could square 
all cprvcs geometrical and mechanical by infinite scries of 
that kind i Gregory after iiAjch thought discovered this 
universal method, or an equivalent one. Of this he per¬ 
fectly satisfied Newton and the other mathematicians of 
that time, by a letter to Collins in Feb. I67I. He was 
strongly solicited by his brother David to publish bis Uni¬ 


versal Method of Series without delay, but be excused 
himvcif on a point of honour; that as Newton was the first 
inventor, and as he had been led to it by an account of 
Newton's having such a method, he thought himself bound 
tu wait till Newton should publish his method. I have 
seen the letters that passed between the brothers on this 
subject 

With regard to the controversy between James Gregory 
and Huygens, 1 take the subject of that controv^y to 
have been, not whether J. Gregory's quadrature of IM cir 
cle by a converging series was just, but whether he had 
demonstrated, as in one of his propositions he pretended 
to do, That it is impossibh* to ospress perfectly the Area 
ofa Circle in any known algebraical form* besides that of 
an infinite converging senes. Huygens exc< ptcd lo the 
<lemonstrution of this propc^sition, and Gregory defended 
it; neither of them convinced his antagonist, nor^o I 
know that Leibnitz improved on what Gregory had oone. 

Page 12. I). Gri'gory of Kinardie deserved a more par¬ 
ticular account than is here given. It is true that he 
served an apprenticeship to a mercantile house in Hol¬ 
land, but lie followed that profession no longer than he 
was under authority* having a stronger passion for know¬ 
ledge than for money. lie returnexJ to his own country 
in 1655, being about 28 years of age, and from that time 
led the life of a philosopher. Having succeeded to the 
estate of Kinardie by the death of nii elder brother* he 
lived there to the end of that cculury. Thercail his chil¬ 
dren were born, of whom he harl thirty-two by two wives. 
Kinardie is above 40 English miles north from Aberdeen, 
and a few miles from Bamf, upon the river Diveron. He 
was a jesttfmong the neighbouring gentlemen for his ig¬ 
norance of what was doing about his own farm, but an ora¬ 
cle in matters of learning and philosophy, and particularly 
ill medicine, which he. had studied for his amtisenicat, 
and begun to practise among his poor neighboun. He ac¬ 
quired such a reputation in that science, that he was after¬ 
wards employed by the nobility and gcmtlcmen of that 
county, but took no fees. lits hoursoDf study were sin¬ 
gular. Being much occupied through the day with those 
who applied to him as a physician, (le went early to bed, 
rose about two or three in the morning, and, after stu- 
dying some hours, went to bed again and slept an hour or 
two before breakfast. 

He was the first man in that countiy who had a baro¬ 
meter; and by some old letters which 1 have seen, it ap¬ 
peared, that he had corresponded with some pliilosophcrs 
on the continent about the changes in (ho barometer and 
in the weather, particularly with Mariottethe French phi¬ 
losopher. He was once in danger 3 being prosecuted as 
a conjurer by the Presbytery on account of bis barometer. 
A deputation of that body having waited upon him to en¬ 
quire into the ground of certain reports that had come to 
their ears, he satisfied them $0 far as to prevent the pro¬ 
secution of a man known to be so extensively useful by his 
knowledge of medicine.-—About the beginning of the last 
century he removed with bis family to Aberdeen, and in 
the time of Queen Anne's war employed bis thoughts upon 
an improvement .in artillery, in order to make the shot of 
great guns more destructive to the enemy, and executed 
a model of the engine he hud conceived. 1 huYe conversed 
with a clock-innkcr in Aberdeen who was employed in 
making this model; but having made many difierentpieces 
by direction* without knowing their inrention, or hOW 
they wore to be put together, Ce could give no account 
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of the whole- After making some experiments with tlii^ 
mode), which satisfied him^ the old gentleman was so san¬ 
guine in the hope of being useful to the allies in the war 
against France, that ho set about preparing a field equi¬ 
page with a view lo make a cauipHijn ij^ Flanders, and 
in the mean time sent his model to his son the buMlIian 
profi-^sor, that lie might have his and Sir Isaac Newtons 
opinion of it. I!i$ son slunved Jt to Newton, w ithout let¬ 
ting him know that his own father was the inventor. Sir 
I>aac was much displeased with it, saying, that if it tended 
as mqch to tfie prcMTvaiion of mankiinl as to tlioir de¬ 
struction, tlie inventor would have deserved a 2rent re¬ 
ward; but asst was contrive<t solely for destruction, an<l 
would soon he known by the enemy, he rather deserved 
lo be punislud; and urged the professor very strongly to 
di'Slroy it, and if possible to suppress the invention. It is 
probable the professor tVil lowed this advice; for at his death, 
w hich happened soon after, the model was not to be found. 

When the rebelliem broke out in 1715, the old gentle¬ 
man went a second time to Holland, and returned when 
it was over lo Aberdeen, where ho died about 1720, aged 
93. lie left ail historical manuscript of the transactions 
of his own time and country, which my father told lac 
he had read, I was well acquainted with two of Ihis^gen- 
tlcman's sons, and with several of his daughters, bca)dc*s 
my own mother. The facts abovemonlioned arc taken from 
what i have occasionally heard from them, ami from other 
pencils of his acquaintance. 

Page 14, In confirmation of what is said in this page, 
that the two brothers David and Jamc^s were the first who 
taught the Newtonian philosophy in the Scotch Univer¬ 
sities; I have by me a Thesis, printed at Edinburgh in 
169^, by James Gregory, who was at that time a professor 
of philosophy at St. Amlrews, and succeeded his brother 
David in the profession of mathematics at Kdinburch, In 
th'm 'I hcsis, after a ilcdication to viscount Tarbet, follow 
the nanie> of twcnly-onc of his scholars who w'ere candi¬ 
dates fnr the degree of a. m„ then 25 positions orl’hescs. 
The first tlirc^ relate to logic, and the abuse of it in the 
Aristotelianjgnd Cartesian philosophy. He defines logic 
to be the art of making a proper use of things granted, in 
order to fifld what is sought, and therefore admits only two 
Categories in logic, viz, Data and Quaesita, The remain¬ 
ing 22 positions are a compend of Newton’s Principia, 
ThisTIu^sis, ns was the custom at that lime in the Scotch 
universities, was to be* defended in a public disputation, 
by the candidates, previous to their taking their degree. 

The famous Dr. Pitcairn was a fellow-student and in¬ 
timate companion of these twc( Gregorys, and during the 
vacation of the college was accustomed to go home with 
them to Kinardie, to their father’s house. 

David Gregory was appointed a preceptor to the duke 
of Gloucester, Queen Anne’s son; but his entering on that 
office was prevented by the death of that prince in the 11 tb 
year of his age. 

Page 19, D. Gregory's Euclid is said to have been written 
in prosecution of a design of his predecessor Dr, Rernard, 
of printing the works of all the ancient mathematicians* 
This design ought to have been ascribed to Saville, who 
left in charge to the two professors of his foundation, to 

f irint the miitbemntical works of the ancients, and 1 think 
cA also a fund for defraying the expense, Wallis did 
something in consequence of this charge; Gregory and 
Halley performed a gretft deal; but 1 think nothing has 
been done in this design by the Savillian professors since 
their time. 


Page* 20. Bcisiilrs vvhai is above mcntiuiied, Dr. Gregory 
left in lnulm^c^ipl a ('ommentary on N<\vioni Pniictpia^ 
which Newton valued, and k< |)i by him* for many yiars 
after the aulhor’s death, li is probable that in what re¬ 
lates to astronomv, this conunejuary ina> «coinci<lc in a 
great measure with the autlior> a^ironomv, which indeed 
isan^'xcellcnt coinnientafy upon ihai parlUl ihe Principia. 

Pane 24, Tnis David Gn g'>ry i>ublibhed in Latin, a very 
good compendium of arillnticlic and algebra, w lUi llic title 
Aritlimeiicie el Algebra* Compeudiujn, in l\nin Juveiitu- 
tis Acndcmica*, Edinb. 1736. He had a debi:'n of pub¬ 
lishing his uncle's Coiiimeiitary on ihe Puncipia, with ex¬ 
tracts from tlie papers Ufi by Gngor) Ins grand¬ 

uncle ; but ilie expense being loo great for his fortune, 
and lie loo gentle a solicitor ol the assistance ul others, the* 
design wav dro)»ped. His son David, yetnlive, was mas- 
terof an l asl-lndiu ship. 

Page 40. 1*0 the projectors of the society at Aberdeen, 
ought lo have b< on added John Stewart, profeSMir of ma¬ 
thematics ill (Ih* Mariscbul college at Aberdeen. He pub¬ 
lished an explanation of two treatises of Sir Isaac Newton, 
viz, his Quadrature of Curvi*s, and his Analysis by EqOa- 
lions of an infinite number of terms. He was an intimate 
friend of Dr. Reid’s. 

Another of the first members of that society was Dr. 
David Skene, who, besiiles bis eminence in the practice 
of medicine, had applied much to all parts of natural his¬ 
tory, particularly to botany, and was 0 correspondent of 
the celebrated Linnxus, 

Dr. John Gregory and Dr. David Skene wore the first 
who attempted a college of medicine at Aberdeen. The 
first gave lectur(*s to his pupils in the theory and practice 
of medicine, and in chemistry ; the last, in anatomy, ma¬ 
teria medica, and midwifery, in order to prepare them for 
attending the medical college at Edinburgh, T. R. 
T7ie Jblloxuing additional tines ly Mr. James Millar^ Pro* 
Jet^or qf Mathematics, Glasgow. 

Another instance of the prevalence of mathematical 
genius in the family of Gregory or Anderson, whether pro¬ 
duced by an original and inexplicable delermiimtion of 
the mind, or communicated by the force of example, and 
the consciousness of an intimate connexion with a repu¬ 
tation already acquired in a particular line, is the cele¬ 
brated Dr, Keid, proJessor of moral philosophy in the uni¬ 
versity of Glasgow ; a nephew, by bis mother, of the late 
Dr, David Gregory, Savillian professor at Oxford. 

This gentleman, well known to the public by his moral 
and metaphysical writings, and remarkable for that libe¬ 
rality, and that ardent spirit of inquiry, which neither 
overlooks nor undervalues any br<Hich of science, is pe¬ 
culiarly distinguished by his abilities and proficiency in 
mathematical learning. The objects of literary pursuit are 
often directed by accidental occurrences. An appre* 
hension of the bud consequences which might result irom 
ibe philosophy of the late Mr. Hume, induced Dr* Reid 
to combat the doctrines of that eminent author; and pro¬ 
duced a work, which has excited universal attention, and 
has given a new turn to speculations on that subject. But 
it is well known to Dr. Reid’s literary acquaintance, that 
these exertions have not diminished the original bent of 
bis genius, nor blunted the edge of his inclination for ma¬ 
thematical researches; which, at a very advanced age, 
he still coniinues Co prosecute with a youthful attacbmcut,i 
and with uorcmilting assiduity. 

It may further be observed, of the cxlruordinary family 
above mentioned^ that Dr. James Gregory, Utc pscscot 
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IcarnoJ o( |>hy'‘ic uikI Dicdicine in the university 

of Ivfijiburgh, is the son ilie lute Dr. John Gregory» 
upon the riiomoirs ut whose life the above remarks have 
been wi iilcn by Dr, Ueid. The >aid Jninca has lately pub- 
Hshed a mo>i ingenious work, entitled^ Philoso phical and 
Literary Ksnajs, in 2 volumes 8vi', Ldinb. \7i)'i* 
n;>p ars to he ani>ther worthy iiihcritant of the singular 
geiuus ot Ills hiinily. 

Ghrooky (St. N'lNCKKr*), a very respectable Flemish 
geometrician, was born at Bruges in 138^, and bs’camc a 
Jouit at Uornciit «0)cars ot age. He studied mathematics 
under the lonrned Jesuit Clavius. He alcerwards became 
a n put ilde prolessor ot tho^e sciences himself, and his 
instructions uerc soliciud by several princes: be was 
Called to Prague by the emperor Ferdinand tlie t2d ; and 
Philip the 4th, king of 8paiu« was <lesirous of having him 
to tenoli nnUUernatirs to his sm tlic young prince John of 
Asturia. He was not less estimiiiile for his virtues, than 
hts skill in the sciences. Ills well •meant endeavours were 
very commendable, wlicn his holy zeal, though fora false 
religion, led him to foIIov> the army in Flanders one cam- 
phign, to confess the wounded and dying sot tilers, in 
which he receivcil several wounds himself. He died of art 
apoplexy at Ghent, in l6(i7t at 83 years of age. 

As a writer, (Jregory Su \'incefu was very tlilfusc and 
v<duminuus, but lie was an cxcellcMit geometrician. 11c 
published, in Latin, thioc muthcmatical work^, the priii- 
ci[ml of which was his Optis Geoaiotricum Quadratur;e 
Circuli, ot Sectionuui Coni, Antwerp. (647i 2 vol. folio. 
Thougii he has not demonstrated, in this work, the qua¬ 
drature of the circle, as he pretends to have done, the 
book nevertheless contains a great number of truths and 
important discoveries; one of which is this, viz, that if 
one asymptote of an hyperbola be dividc<l into parts in geo* 
metrical progression, and from the points of division ordi¬ 
nates be drawn parallel to the other asymptote, they will 
divide the space between the asymptote nod curve into 
equal portions ; whence it was shown by Mcrseimc, that, 
by taking the continual sums of those parts, there would 
be obtained ureas in arithmetical progression, adapted to 
abscisses in geometrical progression, and which therefore 
were analogfitis to u system of logarithms. 

GRIsNADK, orGueNADu. See Grakadb. 

GRIMALDI (AuTii. Franc. Maria), was a learned 
liabun Jesuit, and one of those philosophers of tlie 17th 
century to whom the sciences of optics and astronomy 
owe great obligations ; sciences which be cultivated in com¬ 
pact with his compatriot Riccioli, by diligent experiments 
and observations. He noticed the spots in the sun, and gave 
to those in the moon names which arc still in use, denomi¬ 
nating them after the most eminent nsironomers and phi¬ 
losophers. He made numerous experiments on optics, 
and some dLooveries, which wcreafterwtrds confirmed end 
much farthcrextended by the brilliant discoveries of New¬ 
ton. Those were chiefly c^mtaincd in his work, Physico 
Mathrsis de Lumine, Coloribus, ct Iride, icc: Bononim, 
l665, in 4tot a work which exhibits a great quan¬ 
tity of curious expeviments and remarks on light and co¬ 
lours pa particular account of which maybe seen in my 
Abridg. of the Philos. Trans, vol. I, pa, 6/5. This indeed 
was Grimaldi's chief merit: for his pliilosophy was but too 
much after the manner of his country, which, though it 
has given to the world q Galileo, a Torricelli, &c, was not 
the first to shake otf the yoke of Aristotle. To his honour 
however it must be acknowledged, that had he lived in 
another country, and under other authority than that of 


\\h Society, he would have boldly oppOK^d the dogmas of 
the ancient philosophy .^Grimaldi was cut off at a very 
early period, in 1663, being only 44 years of age. 

GUJNDING Teli-acopc Glasses, \c. 

(HIOIN, vith builders, is the angle made by the inter¬ 
section of two archil. It is of two kinds, regular and ir¬ 
regular; viz, regular when both the arclusha^c the same 
diameter, but an irregular groin when cme urch is a semi¬ 
circle and the other a semiellipsis. Groins are chiefly usc^ 
ill forming arched roofs, where one hollow arched Vault 
intersects with another; as in the roofs of most churches, 
and in some cellars in large houses* 

GRUS, the Crane^ one of the nesv constellations, in the 
southern hemisphere; containing,according to Mr. Sharp's 
catalogue, 13 stars. 

Gaua is also one of the Arabian constellations, and 
answers to our Ophiucus, to which they changed thi> 
constellation, their religion prohibiting them from draw¬ 
ing any human figun^s. 

GKV, a mesisure containing rV ^ A line 

of a tligit, And H digit is of a foot, and a philosophical 
foot 7 of a peiuiulum, whose vibrations, in the latitude of 
45degrcc<, arc each performed in one second of time, or 
^ niinute. 

GUARDS, a name that has been sometimes applied to 
the two stars nean^st the north pole; being in the hind 
part of the chariot, at the tail of Ursa Minor, or little 
bear; one of them being also called the pole*star. 

GUERICKE (Otto or Otiio), counsellor to thcclcctor 
of Hrandenbourg and burgomaster of Magdeboui^, was 
born in l602, and died in l686 nt Hambourg. lie was 
cue of the greatest philosophers of his time. It was Gue¬ 
ricke that invented the air-pump ; also the two brass he¬ 
mispheres, which being applied tocacli other, and the air 
exhausted, it is said si'verul horses were not able to draw 
them asunder ; and thcinannouset or viiunculus of gjass 
which descended in a tube against rain, and ruse again on 
the return of serene weather. This last machine fell into 
.disuse on the invention of the barometer, especially after 
Huygens and Amontons gave theirs to tb<^urld. Gue¬ 
ricke made use of his marmouset to foretell storais; w hence 
he was looked u)ian as a sorcerer by the pfoplc; so that 
tlie thunder having piie day fallen upon Ids huuse, and 
shivered to pieces several machines which he had em¬ 
ployed in his experiments, they failed not to construe the 
event into u punishment from heaven that was angry with 
hjfn,;^Gucricke was author of several works in natural 
philosophy, the principal of which was hisExperimenta 
Magdchurgica, iivf^li^i ^hich contains his experiments 
on a vacuum. 

GUERITK, in Fortification, a sentry-box; being a 
small tower of wood, or stone, usually placed on the 
point of a bastion, or on the angles of the shoulder, to hold 
a sentinel, who is to take care of the ditch, and watch 
against a surprise* 

GUEULE, in Archilecturc. See Gi’La. 

GUGLIELMINI (Dominic), un craincnl Italian ina- 
thenmtlcian and civil engineer, was born at Bologna in 
16B5. His favourite studies were the mathematics and 
irtedicioc, of which latter faculty be was adroiuod to the 
degree of doctor by the univon.ity of Bologna, in 1d78v 
On the appearance of the remarkable comet in the years 
j 6SO and l68l, he publislu-d a tn.*atise .DeCoractarom 
NaHira ct Ortu, dec, l68l, in which he proposedanew 
system on the subject, which did not, however, meet «jlh 
the approbation of the scientific world. But his next 
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astronomical treatise, containing remarks nn the solar 
eclip^ of July 12, ]6S4, reflected grraccr credit on his 
knowledge and accunicy of observation. Soon afterwards, 
(he senate of Bologna appointed him principal professor of 
malbematics in ihoir univeibity, and, in the year H>56, 
inteiidant-^i rul of the rivers of the Bologncbc. In con*. 
tt*quence of lii> attention to the duties of this oflire, iti the 
)car l69t) he jjublished the first part, and m ttie fullowirg 
year the 2d |>ar(, of liis hydrostatical treatise, entitled 
Aquarum Fluentium Mensura, Novo Methodo luquivita. 
Some of tlic observations in thiv work were attacked by 
M. Papin, vvfao also entered into a contest with the author 
on the subject of syphons. I'heir difference in opinion 
gave rise to two letters by Guglielniiiii, which were printed 
under (he title of Epistolic IJu^b Ilydrosiatica!. 

Sig. G. was engaged in settling (he difTerences which 
arose between the cities ufBc’Iogna and Fernira, respect* 
ing the management of (he embankment and sluices in 
their contiguous districts ; and received, in reward of his 
services from his native city, the ap]iointinent to a new 
otficc in the university, which was that of professor of liy* 
droinotry. In the year lG95,hc assisted M. Cassini in re¬ 
pairing the ineridiaii line which he liad clrawn 40 years 
before in the church of St. Petronius, ab Bologna; on 
which occasion our autlior publishcda memoir, descriptive 
of the method of laying it down, and establishing its 
claims to cc^rrectness and accuracy. In ihc year 1697 
he published his grand pliysico* mathematical treatise on 
the nature of rivers, ciititU'd Della Natura dc Fiume, 
which raised Ins reputation to the highest pitch for hy¬ 
draulic science. This reputation procured him (he honour 
of being employed by the dukes of Mantua, of I’arma, 
and Modena, the grand-duke of Tuscany, Pope Clement 
the nth, the republics of Venice and Lucen, &c, in the 
invention and construction of the proper hydraulic works 
in (heir respective territories. 

In the year 169S, our author was induced, by the re¬ 
public of Venice, to accept of the mathematical chair in 
the university of Padua; and (lie senate of Bologna de¬ 
creed that he should still retain the title of professor in 
their university, and the emoluments annexed to it. In 
1702 he exchanged bis mathematical chair at Padua* for 
the more lucrative one of medicine; after which be pub¬ 
lished ditfercnl tracts on chemical and medical subjects. 
He died at Padua in 1710, in the 55th year of his ugc. 
He had been admitted a membt*r of the Academy of 
Sciences at Paris in i696f and was also associate, or cor¬ 
respondent membef of the academies of Berlin and Vien¬ 
na, aDd of the Royal Society at Lgodon.—The whole of 
bis works were printed in a collective form at Geneva, in 
1719, in 2 vuh. 4to; but (he best cdiAon of his treatise on 
the nature of rivers has been published at Bologna in 
1756, with the notes ol Manfrcdi. 

GUINEA, a gold coin struck in England.—*Thc value 
or rate of the guinea has varied* It was at first equal to 
20 shillings; but by the scarcity of gold it was afterwards 
advanced 10 2U. ; and then reduced to 2U. For 

some years past (1812) it has disappeared from common 
circulation, and cland<*stinely sold at 27^« or 28s. 

The pound weight troy of gold is cut into 44 parts and 
a half, and each part makes a guinea, which is therefore 
equal to i^lb, or or 5 dwts* 9|| gr. 

This coin took its name, Guinea, from the circumstance 
of the gold of which it was first struck being brought from 
that part of Africa called Guinea, for wht^ reason also 
it bore the impression of an elephant* 


CiULA, GvriM.B, or Gol.v, in Arcbiicclure, auavy 
member whu^c contour resembles the letter s, commonly 
called on ogie. 

OL LBE, in Architecture, the same a.s Gorge. 

OL'LUIN (I- ATiii a), was born at St.Gall in 1577,en¬ 
tered into thesoeici) oi ihi* Jt suiu iij J 597, after abjuring 
the pruteitant reli^^ioii, and died in 1643. Having been 
sent to Rome to improve his taleiii^, he became protestor 
of philosophy and matliemniu> in that city- He also 
publicly tauglu the >aroc science^ ai Grat2, and at Vienna, 
where, in 1635, 16*40, and 1641, hib chief woik was 
printed in a large folio.volume, on the Centre of Gravity, 
or the Cenlrobaric Method, being a very elaborate gconK- 
trical work* 

GULF, or GuLFIi, in Geography, a part of the ocean 
running up into the land through a narrow pas'.ngc, or 
strait, and forming a bay within. As, the Gulf of Venice, 
or Adriatic Sea ; the Gulf of Arabia, or of Persia, which 
ii the Red Sea ; the Gulf of Cons(antino]>)o, or the Black 
Sea ; the Gulf of .Mexico, Ace. 

GUN, a Jirc-arm, or weapon of otTence, which forcibly 
discharges a ball or other matter through a cylindrical 
tube, by means of indarned gunposvder. 

The term gun now includes most of the species of fire¬ 
arms; mortars and pistols being almost the only ones ex¬ 
cepted from this denomination. '1 hey are divided into 
great and small guns: the former including all that arc 
usually called cannon, ordnance, or artillery ; and the 
latter inusquets, firelocks, carbines, musquetoons, blun- 
ilerbusscs, iowling-pieccs, 

It is not certainly known at what time these weapons 
were first invented. And (hough the intro<Iuction of guns 
into the western part of the world is but of modern dare, 
comparatively speaking, yet it is certain that in some parts 
of Asia they had beim used for many ages before, though 
in a very rude and imperfect manner. Philostratus speaks 
of a city near the river llyphasis in the Indies, which was 
said to be impregnable, and that its inhabitants were re¬ 
lations of the gods, beCHUse they threw thunder and light¬ 
ning upon their enemies; and oilier Greek authors, as 
also Quintus Curtius, mention the same tiling having 
happened to Alexander the Great. Hence some have 
imagined that guns wore used by the eastern nations in 
his time, >vhilcotliers suppose (he thunder and lightning 
alluded to by (hose authors, were only certain artificial 
(ironworks, or rockets such as we kmiw arc used in the 
wars by the Indians even in the present day against (he 
Europeans. Be this however as it inuy, it is asserted by 
many modern travellers, that guns were used in China as 
far back as the year of Christ 85, anti liuvc continued in 
Use ever since. 

'File first hint of the invention of guns in Europe, is in 
the works of Roger Bacon, who flourished in the ISth 
century. In a trt*atise written by him ahout the year 1280, 
he proposes to apply the violent ex|Slosivc force of gun¬ 
powder to the destruction of armies* An<l though it is cer¬ 
tainly known (hat the composition of giv-powdcr is de¬ 
scribed by Bacon in the said work, yet (he invention has 
usually, though improperly, been ascribed to Bartholdus 
Schwartz, a German monk, who it is said cliscovered it 
only in the year 1320; and the invention is related in the 
following manner. Schwartz having, for some purpose, 
pounded nitre, sulphur, and charcoal together, inaroor- 
tar, which he afterwards covered imperfectly with a stone, 
a spark of fire accidentally fell into the mortar, which 
setting the mixture on fire^ the explosion blew the stone 
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to a considerable distance. Hence it is jirobablc that 
Scbwarl>^ nni;l»t be laugljt ilic simplest inelbod ol* applying 
it in war; for it rjlh<T '•eems that Bacon conceived the 
muiuuT ot’ usinjj it lo be by the violent eflurl of the Hamc 
iiriconlined, and whicii is iruleed capable <d* producing 
astonishing t ticcts. (See Gi n row urr ) And the figure 
and name of mortars^ given to a species of old ariilleryp 
and their einployinentp in llirouing large stone bullets ut 
un clevalion» very much favour this conjecture. 

Soon after the Uine of Schwartz, wc find <>uns com» 
iTionly employed as instruments of war. Great guns were 
first used. 'I'hesewcn* originally made of iron bars solder- 
rti together, and lorlifiefi with strong iron hoops or rings ; 
several of which are still to be seen in the Tower of Lon* 
don, and in the Arsenal at Woolwich# Others were made 
of thin sheets of iron rolIe<l together and hooped : and on 
particular emergencies some have been made of leather* 
and ot lead, with plates of iron or cojiper# These first 
pieces were executed in a rude and imperlcct manner* like 
the first essays of must new inventions. Stone balls were 
thrown out of tliein, and a small quantity of powder used 
on account of their weakness# They were of a cylindri¬ 
cal form, without ornaments, and were placed on tlicir 
carriages by rings, 

When, or by w hom they wore first made, is uncertain. 
It is known however that the Venetians used cannon at the 
siege of Claudia Jes>a, now called Chiog?ia, in 1366, 
which were brought thither by two Germans, with some 
powder and leaden balls; as also in their wars with the 
Genoese in 137.9. Utit before that period King Edward 
the 3ii made use of cannon at the battle of Cressy in 134^6, 
and at the siege of Calais in 1347. Cannon were em¬ 
ployed bythei urks at the siege ofConstantinopIcptben in 
possession of the Christians, in 1394, and in that of 1452, 
which threw n stone ball of 200lb. weight* but they 
commonly burst at the first two or three firings. Louis 
the 12th had one cast at 'lours, of the same size, which 
thiew a ball from the Bastilc to Charenton; one of these 
extraordinary cannon was taken at the siege of Dieu in 
154(i, by Don John dc Castro, and is now in the castle 
of St# Julian da Barm, 10 miles from Lisbon: the length 
ol it is 20 loet 7 inches, its diameter at the middle 6 feet 
3 inches, and it threw a hail of lOOlb. weight* It has 
neither dolphins, rings, nor button ; isofan unusual kind 
of metal; and it has a large Indostan inscription on it, 
which says it was cast in 1400. 

Formerly, it was customary to dignify cannon with 
uncommon names. Thus, Lewis the I2tli, in 1503, had 
J2 brass cannon cast, of an extraordinary size, called after 
ibe names of the 12 peers of Franco. 'Fhe Spanish and 
Portuguese called them after ihcir saints* The Emperor 
Charles the 5th, when he marched agains^Tunis, founded 
the 12 Apostles# At Milan there is a 7t^pounder, called 
the Pi monte] lu; and one at Bois-lc*duc, called the Devil# 
A 60-poundcr at Dover-casllc, called Queen Elizaboth^s 
pncket*pistoi. An 80-pounder in the Tower of London, 
brought there from Edinburgh-cast le, called Mounts-mog. 
An 80-pounder in the royal arsenal at Berlin, called the 
Thunderer. An 80-pounder at Malaga, called the Terri¬ 
ble# Two curious 60-poundcrs in the arsenal at Bremen* 
called the Messenger of bad news# And lastly an uncom¬ 
mon 70-poundcr in the castIcofSt. Angelo at Rome, made 
of the nails that fastened the copper-plates which covered 
ibe ancient Pantheon, with this inscription on it, £x clavis 
trabalibus porticus Agrippx* 


In the beginning of the I5th century these uncommon 
names were generally abolished, and the following more 
universal ones adopted in ihcir stead, viz, 


Wi.ef bill# 
N4inn. Pouixlen. 

Cannon royal, or cartlioun 48 
Btutani cannon, or ^ cartboun 36 


Dc-mi'carthoun 
Whole culverins 
Dcini-culverins 
Falcon 

{ largest size 
ordinary 
lowest sort 

Basilisk 

Serpentine 

Aspic 

Dragon 

Syren 

Falconet 

Ilabinct 

Moyens 


24 

18 

9 
6 
8 
6 

5 
48 

4 

2 

6 

60 ’ . 
3, 2, and 1 

1 

10 or 12 oz. 


Wi. of piece in 

C»t, 

.w 

79 
60 

80 
30 


25 

18 

15 

13 

85 

8 

7 

12 

81 

15,10,5 


These curious names, of beasts and birds ofjrrey, were 
adopted on acoount oftheirswiftness in motion, or oftheir 
cruelty ; as the falconet, falcon, sackcr, and culverin, &c, 
for their swiftness in flying; the basilisk, serpentine, aspic, 
dragon, syren, &c, for their cruelty. But, at present, 
cannon take their names from the weight of their proper 
ball only. Thus, a piece that discharges a C8st>iron ball 
of 24 pounds, is called a 24-poundcr; one that carries a 
ball of 12 pounds, is called a 12*poundcr: and so of the 
rest, divided into the following kinds, viz, 

Ship-guns, consisting in 42, 36, 32, 24, 18, 12,9,6, 
and 3-p«>undcrs. Garrison-guns, in 42,32, 24, 18, 12, 
9, and 6 pounders. 

Battering-guns, in 24, 18, niid 12-poundcrs. 

Field-pieces, in 12, 9, 3, 2, I|, 4, and {-pounders. 

Afor/ars, it is thought, have bM-n at least us ancient as 
cannon. They were employed in the wars of Italy, to 
throw balls of red-hot iron, stones. &c, long before Ibe 
invention of shells. I'hcse last,' it is supposed, were of 
German invention, and .the use of them in war shown by 
the following accident; viz, a citizen of Vcnlo, at a f6s- 
tival celebrated in honour of the duke of Cleves, throwing 
a number of shells, one of them fell on a house and set it 
on lire, by which misfortune the greatest part of the tow/k 
was reduced to ashes. The first account of shells used 
for nailitary purposes, is in 1435, when Nuples was be¬ 
sieged by Chnrtes the 3th. History informs us, witifitiorc 
certainty, that shells were projected from inortai%at the 
siege of Wnchtendofik, in Gueldcrland, in 1588, oy the 
carl of Mansfield; and Cyprian Lucar wrote upon the 
method of filling and throwing such shells,' in his Appendix 
to the Colloquies of Tartaglia, printed at Loudon in 1588; 
where also the compounding and throwing of carcasesand 
various kinds of fire-works is shown. 

Mr. Maltcr, an English engineer, first taught the 
French the art of throwing shells, which they practiud 
at the siege of Motto in l634. 'The method of firing red- 
hot balls out of mortars was first certainly put in practice 
at the siege of Stralsund in 1675 by the elector of Bran¬ 
denburg: though some say in 1653 at the siege of Bre¬ 
men. 

Another species of-ordnance has been long in use, by 
the uamc of howitzer, which is a kind of medium as-to its 
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lenglli, between the cannon and the mortar^ and i$ a very 
ustfnl piece, for discharging either shells or large balls, 
which is done either at point*bianc, or at a small eleva¬ 
tion. A ne w species of ordnance has lately been introduced 
by the Carroll company, and thence called aCanonade, 
which is only a very short howiuer, and which possesses 
the advantage of being very light and easy to work* The 
species of guns before mentioned, arc now made chiefly of 
cast iron ; except the howitzer, which is of brass, as well 
, as some cannon and mortars. 

Afuskets were first o<^ed at the siege of Rhege in the 
year l ie 1. 1 he Spaniards were the first who armed part 

of their fool with these weapons. At first they were very 
heavy, and couhl not be used without a rest. 'I hey had 
match'locks, and did execution at a great distance. On 
their inarch the si>ldiers carried only the rests and am¬ 
munition, having hoys to bear their muskets after them, 

I hey were very slow in loadings not only by reason of the 
iiDwicldincss ot their pieces, and because they carried the 
powder and ball separate, but from the time it took to 
prepare and adjust the match; so that their fire was not 
near so brisk as ours is now. Afterwards a lighter matcli- 
lock musket came iu use: and they carried their am;nu- 
nitJon in bandoliers, to which were hung several little easels 
of wood covered with leather, each containing a charge of 
powder* 'I'lie muskets with re>(s were used as late as the 
beginning of the civil wars in the time of Charles the Ist 
The lighter kind succeeded Ihein, and continued till the 
beginning of the present ccniuryt when they also were 
disused,and the troops throughout ICuropcarmed with fire¬ 
locks* These are usually made of hammered iron. For 
the dimensions, construction, and practice of every species 
. of gun, &Cp see the several article Cannon, Mortar,&c. 
Sec also Gunnery* 

GUNNhRY, the art of charging, directing, and cxplo- 
'ding fire-arms, as cannon, mortars, muskets, &c, to the 
best advantage. Gunnery is sometimes considered as a 
part of the military art, and sometimes as a part of pyro- 
fechny. To the art of gunnery belongs the.knowledge of 
the force and effect.of gunpowder, the dimensions of the 
pieces, and the proportions of the powder and ball they 
carry, with the methods of managing, charging, pointing, 
tpunging* &c. Also some parts of gimnexy arc subject to 
uiatheniaticol consideration, which among matbcmaticians 
arc called absolutely by the name gunnery, via, the rules 
and method of computing the range, elevation, quantity 
of powder, &c, so as to bu a mark or object proposed, and 
II more particularly called PaojECTitEs; which see* 
HfSTURV q/'GUNNERY. 

Ix)j]2 before the invention of gunpowder, and of gunnery, 
properly BO called, the art of artillery, or projectiles, was 
actually in practice* For, not to mention the use of spears, 
javelins, or stones thrown with the hand, or of bows and 
arrows, all which are foufld among the most barbarous and 
ignorant people, account of the larger machines for throw¬ 
ing stones, darts, &c, arc recorded by -the most ancient 
^nters. I’hus, one of the kings of Judah, 800 yeara be- 
Christian ®ra, erected engiru^ of war on the towers 
^nd bulwarks of Jeijjsalcm, for shootifig arrows and great 
•tonrtforthc defenceof that city* SChron.xxvi. 15. Such 
machines were afterwards known dmong the Greeks and 
itomans by the names of Billiita, Catapulio, &c, which 

fl* ^ I the action of a spring of a strongly 

isteu cordage, formed of tough and clastic animal sub- 
^ then the artillery of the moderns. 


Such warlike instruments continued in use down to tli<^ 
12th and 13fh centuries, and the use of bows still longer ; 
nor is it probable that they were totally laid aside till They 
xure superseded by gunpowder and the modern ord¬ 
nance. 

The rtiM application of ^'unpowder to military affairs, it 
seems, wjis made soon aftir (he y<ar 1300, for which the 
proposal of friar Bacon, about the year 12S0, for applyin« 
its enormous explosion to tlic destruction of aimies, 

"ive the first hint; and Schwartz, to whom the inventfon 
< f ijunpowder has hecn erroneously ascribed, on accoum 
of the acci<lent abovemeiitionod under the article Guk 
might ha\c- been the first who actually applied it in this’ 
way, that is in Kurope; for as to Asia, it is jirobable that 
tiie Chinese anrl Indians had something of the kind many 
ages before. Thus, only to mention the prohibition of fire¬ 
arms in the code ofGeiitoo laws, printed by the East-lii- 
dia Company in 1776, which scents to confirm the suspi¬ 
cion suegcstcd by a passage in QaintusCurtius, that Alex¬ 
ander the Great foimd some weapons of that hind in India : 
Cannon in tlie Shanscrit idiom is called shet-aghnee, or the 
weapon that kills a hundred men at once. 

Howcecr.ehe fiisl pieces of artillery, which were charged 
with gunpowder and stone bullets of a prodigious size, 
were of very clumsy and inconvenient structure and 
weight. Thus, when Muhomcl thc 2d besieged Constan¬ 
tinople in 1453, he battered the walls with stones of this 
kind, and with pieces of the calibre of 1200 pounds ; which 
could not be fired more than four times a day. It was 
however soon discovered that iron bullets, of much less 
weight than stone ones, would be more eflicacious if im- 
poUed by greater quaiilities of stronger powder. This oc¬ 
casioned an alteration in the matter and form of the can¬ 
non, which were now cast of brass. These were lighter 
and more manageable than the former, at the same lime 
that they were stronger in proportion to their bore. This 
change took place about the close of the 15th century. 

By this means came first into use such powder ns is now 
employed over all Kurope, by varying the proportion of 
the materials. But this change of (he proportion was not 
the only improvement it received. The practice of grain¬ 
ing it is doubtless of considerable advantage. At first (he 
powder bad been always used in the fornl of fine meal, such 
as it was reduced to hy grinding the materials together. 
And it is doubtful whether the first graining of powder 
was intended to increase its strength, or only to render it 
more convenient for filling into small charges and the 
loading of small arms, to which alone it was applied for 
many years, while meal-powder Vvas still used for cannon. 
But at last the additional strength which the grained pow¬ 
der was found to possess, doubtless from the free passage 
of the air between the grains, occasioned the meal-powder 
to be entirely laid aside. 

For the last 200 years, the formation of cannon has .been 
very little improved; the best pieces of modern artillery 
difTcring little in their proportions from those used in the 
lime of Charles the 5th. liidcfd lighter ond shorter pieces 
have been often proposed and tried ; but though they have 
their advantages in particular eases, it is agreed they are 
not so efficacious for general service. Yet the size of the 
pieces has been much diminished ; the same purposes being 
DOW accomplished by smaller pieces than what were for¬ 
merly thought necessary. Thus the battering cannon now 
approved, arc those thot formerly were called demi can¬ 
non, carrying a ball of 24 pounds weight; this weight 
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having been found futly sufficient. The Tnethod also of i 
making a breach, by first cutting off the tvbolc wall as low : 
:i5 possible before its upper part is attompted to be beaten 
down, seems to be a considerable modern improvement in 
the practical part of gunnery. But the most considerable 
impio>einenl in the praciico of artillery, is the ricocliet 
Bring, or the method ot firing with small ({uatuilies of 
powder, and elevating the piece but a little, so that the 
bullet may just go clear of the parapet of the enemy, and 
drop into their wurk»: lor by tliis means the hull, coming 
to the ground ot a small angle, and witli a small velocity, 
does not bury itself, but bonmisor rolls along a great way, 
destroying all before it* 'I bis mctliod was first piactised 
by M. V’uubaii at the siege of Aelh, in the year l6y*2. A 
practice of this kind was successfully used by the king of 
Prus'^ia at the battle of Kosbach in He had several 

six-iuch mortars, mad<‘ with trunnions, and mounted on 
travelling cuniages, which were fired obliquely on the 
enemy's lines, and among their horse, Thcac being charged 
with only 8 ounces of powder, and elevated at one degree 
and a ({uarlcr, did great execution : for llio shells rolling 
along tlic lines with burning fuses made the stoutest of the 
enemy to lly with precipitation. 

The use of Bre-arins was how ever long known before any 
theory of projectiles was formed. The Italians were the 
first people wlio made uny attempts at the theory, which 
they did about the beginning of the Lbth century; and 
among them it a|)pears the first who wrote professeiJly on 
the flight of cannon shot, was Nicholas TarUiliu, of Breccia, 
the same aullior who had so great a share in the invention 
of the rules for cubic equations. In 1537 iic published, at 
Venice, his Nova Scientia, and in 1546 |iis Quesili et ln« 
ventioiii diversi, in both which he treats professedly on 
these motions, as well us in another work, translated into 
English with additions by Cyprian Lucar, under the title 
of Colloquies concerning the Art of Shooting in great and 
small Pieces of Artillery, and published nt Ixmdon in 1588* 
Tartalia determined, that the gnaleH range of a shot was 
when discliaiged at an elevation of 45^: and he asserted, 
contrary to the opinion of his contemporaries, that no part 
of the path described by a bull is a right line ; though the 
curvature in the first part of it is so small, that it need not 
be attended to. llv compared it to the surface of the sea; 
which, though it appears to be a plane, is yet doubtless 
incurvatvd round tlie centre of the earth* The same au¬ 
thor observes, that he invented the gunners qUadrant, for 
laying a piece ot ouliiHncc at any point or degree of ete- 
vation; and though heJiad but little opportunity of acqui¬ 
ring any practical knowledge* by e.\ peri men ts, he yet gave 
shrewd guesses at the event of some untried methods* 

The philosopKers of those timca» also took part in the 
questions arising on ibis subject; and many dispute's on 
motion were held, especially in Daly, which continued till 
ihc lime of Galileo, and probably gave rise to his cele¬ 
brated Dialogues on Motion. These were not published 
till the year* 1638 { anddti the interval there were publishr 
cd many theories ol ihc m^iun of military projectiles, os 
well ns umny tables of their comparative ranges; though 
for the most part very fallacious, and inconsistent with the 
motions of thoe bodies. 

It is rcmarkabichowever that, <lurfiiz these contests so 


than four authors who bad treated experimentally on this 
subject. The first of these is Collado, in 1642, who has 
given the ranges of a falconet, carrying a three-pound shot, 
to every point of the gunner*s quadrant, each point being 
the 12th part, or 7i^* But from hts numbers it is manU 
fc>t that the piece was not charged with its usual allot¬ 
ment of powder. The result of his trials shows the ranges 
at the point-blanc, and the several points of elevation, as 
below. 

CoUado^i ErperimenU. * 

ElcvaiioD %t _ in 

Pulnu. 


ruinu. Dfg. ptce*. 

0 or 0 - - 268 

1 - 7} - - 59* 

2 - 15 - - 70* 

3 - 224 - • 55* 

4 - 30. - - lOJO 

5 - 371 - • 1040 

6 - 45 - - 1053 

7 * 524 between the 3d and 4tfi 

8 - 60 - between the 2d and 3d 

9 • 674 • between the Ul and 2d 

10 • 75 “ bctwvin (lie 0 and 1st 

11 ■ 824 - fill very near the piece. 

The next treatise was by Wm. Unurne, in it)*3, in bis 

Art of Shooting in Great Ordnance. His elevations were 
not regulated by the points of the gunner’s quadrant* but 
by degrees; nnd he gives the proportions between the 
ranges at (lin'iTeni elevations and the c.xlent of the point* 
blanc shot, thus: If the extent of the pnint-blanc shot be 
represented by l,tlien the proportions of the ranges atsc- 
-vcral elevations wiH be os below, viz. 

Bourne's Proportion qf lianqes. 

Elevstion. Range. 

0 ® - - 1 

5 - - 24 

10 - - 34 

15 - • ^ 

20 - • - 4 ^ 

and the greatest random * 54: 
which greatest random, he says, in n calm day is at 42® 
elcviitiun ; but according to the strength of the wind, and 
as it favours or opposes the flight of the shot, the elevation 
may be from 45“ to 36®.—He <lo« not inform us with 
w-hat piece he made his trials; though from his proportions 
it seems to have beenasmoli one. This however ought to 
have been mentioned, as the relation between the e.xtent of 
diflereni ranges varies extremely according to tht'-velocity 
and density of the bullet. 

Afier’hiin, hldrcd ind Anderson, both Englishmen also, 
published treatises on this'Subject. The former of tbcM 
was many years gunner of Dover Castle,.where most of his 
experiments were made, the earliest of v\hicli are dated in 
l6'll, though his book was not published till >646', and 
WHS entitled The Gunner's Glass. His principUs were 
sufficiently simple, and within certain limits very near the 
truth, though they were not rigorously so. He bu given 
the actual rank's of different pieces of artillery at small 
elevations, all under 10 degrees. His experiinenls arc 
numcrou?. atul, appear to be made* with great carp and 
caution j and tie has honestly ;et down some, whtch were 


few of those wl»o were intrusted with the care of artillery,' not .reconcilable to bis method : on the whole he seems 
thought it necessary to bring their theorir>s. to the test of • to have taken more pains, and to have had a Justcr knos^ 
cxpcriipont. Mr. Uobins intorms us, in the proface to his ledge of his business, than is to be found in most of bis 
I^ow. Principles of Gunnery, that ho had met with no more practical brethren. 
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Galileo's Dialogues on Motion were printed in tlie year 
\646. In these he pointed out the general laws observed 
by nature in the production and cornpositioii of motion, 
and was the tirst who described the action and effects of 
graWly on falling bodies: on these principles he deter¬ 
mined, that the flight of a cannon-shot, or of any other 
projectile, would be in the curve of a |>arabola, unless so 
far as it should be diverted from that track by the resist^ 
ance of tlic uir He also proposed the means of examU 
ning the inequalities which arise from thence, and of dis¬ 
covering what sensible effects that resistance would pro¬ 
duce in the motion of a bullet at some given distance from 
the piece. 

Notwithstanding these determinations and hints of Ga¬ 
lileo, it seems that those who came after him, never ima- 
ginc<l that it was necessary to consider how far the opera¬ 
tions of gunnery were affected by (his resistance. Instead 
of tins, they bojdly asserted, without making the experi¬ 
ment, that no great vaiiaiion could ari^^c from the resist¬ 
ance of the air in (he flight of shells or cannon shot. In 
this persuasion they supported themselves chiefly by con¬ 
sidering the extreme.rarity of the air, compared with those 
dense and ponderous bodies; and ut last it became an al¬ 
most geiicrally established maxim, that (he flight of these 
bodies Wiis* nearly m the curve of a parabola. 

Thus, Rtibert Andenon, in his Genuine Use and Effects 
of the Cunne, published in l674, and again in his book, 
To hit a Mark, in \6dO, relates a great many experi¬ 
ments; but proceeding* on (he principles of Galileo, he 
strenuously a^scr(s that (he flii’ht of all bullets is in (he 
curve of » parabola; undertaking to answer all objections 
that could be brought to (hecontrary. Tbc same thing was 
also (inderoiken by Blondel in his Art dc jetter IcsUombes, 
publisln d in 10'83 ; where, after long discus>ion, he con¬ 
cludes, that the variations from (he air's rc^sistance are so 
slight, as not lo deserve any notice. The same subject is 
created of in the Philos. Trans. No. 2l6, pa* 66, by Dr» 
Halley; who als<s swayed by the very great dispropor¬ 
tion between the density of the air and that of iron or lead, 
thought it reasonable to believe that the opposition of tbc 
air to large metal-dhot is scarcely discernible; though in 
itnall and light shot he owns that it must be accounted for. 

Though this hypothesis w^nt on smoothly in specula¬ 
tion; yet Anderson, who made a great number of trials, 
found it impossible to support it without some new modi¬ 
fication. For though, it does nbt appear that he ever 
examined the comparative ranges of either cannon or 
muiket-sbot when fired with their usual velocities, yet bis 
experimenU on the ranges of shells thrown with velocities 
that were but small, in comparison of those above men¬ 
tioned, convinced him that (heir whole track was not 
parabolical. Hut instead of making the proper inferences 
from hcncc, and concluding that (he resistance of the air 
was of coits^erablc cfBcacy, he framed a new'hypothesis; 
which was, that the shell or bullet at ils^first discharge 
flew to a certain distance in a right line, from the end of 
which line only it began to'describe a parabola: and this 
right line, which he calls the line of tbc impulse of the 
fire, he supposes is the same for all elevations. So that, by 
assigning a proper length to this line of impulse, it was al¬ 
ways in bis power to reconcile any two shots made at any 
two ffifferent angles; though the same method could not 
succeed with three shots; nor indeed does he ever inform 
ut of the event of his experiments when three ranges were 
tried at one time. 
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But after the publication of New'ton's Principia, it 
might bavu been expected, that the defects of the theory 
would be ascribed to their true cause, wliicli is the great 
resistance of the air to sucti swift motions; as in that 
work be particularly considered the subject of such mo¬ 
tions, and related the result of experiments, made on slow 
motions at least; by which it a()peared, Uiat in such mo¬ 
tions the lesistance increases die square of the veloci¬ 
ties, and he even hints a svispicion that it will increase* 
abo>e that law in swifter inoTi<Jiis, is now known to bt* 
the case. So far however were those who treated this 
subject scientifically, from making a proper allowance for 
the resistance of the atmosphere, that they still neglected 
it, tir railicr opposed it, and their llieories still ditfere<l 
most egrogiously from the truth. Huygens alone seems 
lo liavc Httciided to this principle: for in the jear 1690 
he published a treatise on gravity, in which he gave an ac¬ 
count of some e.xpcriments tending to prove that the crack 
of all piojeciih^s, moving with very swift motions, was 
widely different from (hut of a parabola. Tbc rest of the 
learned generally acquiesced in thojustnoss and sulficicucy 
of Galileo's doctrine, and accordingly very erroneous cal¬ 
culations Concerning the ranges of cannon were given. 
Nor was any farther notice taken of these errors till the 
year 1716, when Mr. Bessons, a French officer of artil¬ 
lery, of great merit and experience, gave in a memoir \o 
tbc Royal Academy, importing that, though it was 
agreed that theory joiffed with practice did constitute the 
perfection of every art; yet experience Itad taught him 
that theory was of very little service in tbc use of uiorturs: 
that the works of M. Blondel had justly enough described 
the several parabolic lines, according to the different de¬ 
grees of the elevation of (he piece; but that practice bad 
convinced him there was no theory in the e ffect of gun¬ 
powder; for having endeavoured, with the greatest preci¬ 
sion, to point a mortar according to these calculations, be 
bad never been able to establish any solid foundation upon 
them.*'—One instance only occurs in which D. Dcrnoulli 
applies the doctrine of Newton to the .motions of pro¬ 
jectiles, in the Com. Acad. Petrop. tom. 2, pa. S38, Ac. 
Besides which nothing farther was done in this science till 
the time of Mr. Benjamin Jlobins, who published a trea¬ 
tise in 1742, intitled New Principles of Gunnery, in 
which he treated particularly, nut only of (he resistance 
of the atmosphere, but also of tho force of gunpowder, 
the nature and effects of different guns, and almost every 
thing else relating to tbc flight of military projectiles; and 
indeed he carried the theory of gunnery nearly to its ut¬ 
most perfection; 

The first important consideration which engaged the 
attentiou of Mr« Robins, and which is indeed the founda¬ 
tion of all other particulars relating to gunnery, is tbc ex^ 
plosive force of gunpowder. M. Labire, in the Hist, 
of tbc Acad, of Sciences for t^c year 1702, supposed tbfit 
this force may be owing lo the increased elasticity of the 
air contained in, and between the grains, in consequence 
of tbc heat and fire produced at tbc time of (he explosion; 
a cause not adequate to the 200tb part of the effect. On 
the other, band, Mr. Robins determined, by irrefragable 
experiments, (hat this forco^as owing to an elastic fiuid, 
similar t<four atmosphere, existing in the powder in an ex¬ 
tremely condensed stale, which being suddenly disengaged 
from the powder by the combustion, expanded with an 
amazing force, and violently impelled the bullet, or what¬ 
ever may oppose its expansion. 
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lu nsccrtaininp the intensity of this force of exploded 
piiiipowtler, Mr, Robins had recourse to several different 
ways, after the example of Mr. Hawksbee* related in the 
Philos, 'rrans No. 2.95, atul his Physico^NIcchan. Rxper. 
pa. 81. One of these is by firing the poNvder in the air 
thus: A small quantity of the powder is placed in the' 
upjKT part of u gla^s lube, and the lower part of the tube 
is immersed in water, the water being made to rise so near 
the top, that only a small portion ol air is left in that part 
mIktc the pow'dcris placed: then in this situation the com- 
muTHcation between the upper part of the tube and the 
external air being closed, the powder is fired by means 
of a burning glass, or otherwise; the water desceiuls 
upon the explosion, and stands lower in the tube than 
before, by a space [iroportioned to the quantity of powder 
fired. 

Another method was by firing the powder in vacuo, viz, 
in an exhausted receiver, by dropping the grains of pow¬ 
der upon a hot iron included in the receiver. My this 
means a penmincni clastic Huid was generated from the 
firctl gunpowder, and the quantity of it was always iti pro¬ 
portion to the quantity of powder that was used, as was 
found by the proportional sinking of the mercurial gage 
apticxed to the air pump. 'Die result nf these experi- 
inenls was, that tlie weight of the elastic air thus gene¬ 
rated, was C()ual to-iV compound mass of the gun¬ 

powder which yie)do<l it; and that its bulk, when cold and 
cx|)Hndcd to the rarity of common atmospheric air, ivas 
about240 times the hulk of the powder; an<l consequently 
in the same proportion would such (luid at first, il it were 
cold, exceed the force or elasticity of the atmosphere. Dut 
as Mr. Robins found, by qnother ingenious experiment, 
that air heated to the extreme degree of the white lu*«t of 
iron, bus its elasticity quadrupled,or is 4times as strong ; 
he thence inferred that the force of the clastic air generated 
as above, at tlic moment of the explosion, is at least 4 
times 240, or flfiO, or in round numbers about 1000 times 
as strong us the elasticity or pressure of the atmosphere, on 
the same space. 

Having thus determined the force of the gunpowder, or 
intensity of tlic agent by which the projectile is to be 
urged, ^Ir. Robins next proceeds to determine the effects 
it will produce, or the velocity with which it will impel a 
shot of a given weight from a piece of ordnance of given 
dimensions; which is a problem strictly limited, and per¬ 
fectly soluble by mathematical rules, and is in general 
this: Given the first force, and the law of its variation, to 
determine the velocity with which it will impel a given 
body in passing through a given space, which is the length 
of the bore of the gun. 

In the solution of this problem, Mr. Robins assumes 
these two postulates, viz, 1, Tliai the action of the pow¬ 
der on the bullet ceases as soon as the bullet is out of the 
piece; and 2d, That all the powder of the charge is fired 
and converted into clastic ffoid before the bullet is sensibly 
moved from its place: assumptions which for good rea¬ 
sons are found to be in many eases very near the truth. 
It is to be noted also, that the law by which the force of 
the elastic.(luid varies, is this, viz, that its* intensity is di¬ 
rectly as its density, or reciprocally proportional to the 
space it occupies, being so much the stronger as the Space 
is less; a principle well known, and common to all elastic 
fluids. On these principles then Mr. Robins resolves this 
problem, by means of the dPth prop, of Newton^s Prineipia 
in a direct way, and the result is equivalent to this thco- 


.rein, when the quantities arc expressed by algcbmic sym¬ 
bols ; viz, the velocity of the ball 

r ='27130 X log. ^) = X log.i); 

where r is the velocity of the ball, 

a the length of the charge of powder, 

b the w hole length of the bore, • 

c the spec. grav«.of the ball, or wt. of a cubic foot of 

the same matter in ounces, 
d the diameter of the bore, 
tv the weight of the ball in onnees. . 

For Example^ Suppose a = 9^ inc., i ss 45 inches, 
c ^ 11J45 oz, for a ball of lead, and d s ^ inches; ibrn 

T ^ 27130v/(^j^ X log. ^ 1674 feet per second, 

the velocity of the ball. 

Or, if the wt. of the bullet be u* :s oz. 

Then V = 100^(———— X log. -—) » 16/4 feet, as 

JV X gj 7 

before. 

“ Having in this proposition/* says Mr. Robins, ‘‘sbiiwii 
how the velocity, which any bullet, acquires from tho 
fiirce of powder, may be computed upon (he principles of 
the theory laid down in the preceding pro|>(»sitions; we 
shall next show, that the actual vcluciltes, with which 
bullets of different magnitudes arc impelled from dif¬ 
ferent pieces, with different quantities of powder, arc really 
the same with the velocities assigned by these compula¬ 
tions; and conscqucNii)* that this theory of the force of 
powder, here delivered, docs unquestionably nseertnin tho 
true action and modification of this enormous power. 

But in order to compare the velocities communicated 
to bullets by the explosion with the vclociti(*s resqUing 
from the theory by computation ; it rs necessary that the 
actual velocities with which bullets move; should be ca¬ 
pable of being discovered, which yet is impossible to be 
done by any methods hitherto made public. The only 
means hitherto practised by others for that purpose, have 
been either by observipg the time of the flight of the shot 
through a given space, or by measuring the range of the 
shot nt a given elevation ; and thence computing, on tho 
parobolic hypothesis, what velocity wemid produce this 
range. The tint method labours under this insurmount¬ 
able difficulty, (hat (he velocities of these bodies arc often 
so swift, and consequently the time observed is so short, 
that an imperc;pptible error in that lime may occasion an 
errbr in the velocity thus found, of 2,3, 4,5, or 600 feet 
in a second. The other ipelhod is so fallacious, hy reason 
of the resistance of the air (to wbicb inequality the first is 
also liable), that the velocities thus assigned mgy not be 
perhaps the lOlh part of the actual telvcities sought 

** To remedy then these inconveniences, I have in¬ 
vented a new method of finding the real velocities of bul¬ 
lets of all kinds; and this to such a degree of exactness 
(which may d>€ augmented too at plensur^> that in a 
bullet moving with a velocity,of 1700 feet in l", the er¬ 
ror ill the estimation of il need never amount to iU500lh 
part; ai)«} this without any extraordinary nicely in the 
construction of the machine/' 

Mr. Robins then gives nn account of the machine by 
which be measures the velocities of the ballS; which ma¬ 
chine is simply this, viz, a pendulous block of wood sus¬ 
pended freely by a 3 iori 2 ooial axis, against which block 
arc to be fired the balls whose velocities arc to be delci- 
mined. 
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“ This instrument thus fitted, if the weight of the pen¬ 
dulum be known, and likewise the respective distances of 
its centre ofgravit), and of its centre of oscillation, from 
its axis of suspension, it will thence be known what motion 
will he communicated to this pendulum by the percussion 
of u body of a known weight moving with a known degree 
of celerity, and striking it in a given point; that is, if the 
pendulum be supposed nt rest before the percussion, it 
will be known what vibration it ought to make in consc- 
rjutnee of such a determined blow ; and, on the contrarj’, 
if the pendulum, being at rest, is struck by n body of a 
known weight, and the vibration, which the pendulum 
makes after the blow, is known, the velocity of the striking 
body may from ibencc be determined. 

“ Hence then, if a bullet of a known weight strikes the 
pendulum, and the vibration, which the pendulum makes 
in consequence of the stroke, be ascertained ; the velocity 
with which the ball moved, is thence to be known.” 

Mr. Robins then explains his method of computing ve¬ 
locities from experiments with this machine; which me¬ 
thod is rather troublesome and perplexed, as well as the 
rules of Euler and Antoni, who followed him in thes^in- 
vestigations; but a much simpler rule is given in iny 
Tracts, vol.2, pa. 325, where such experiments are ex¬ 
plained at full length, and this rule is expressed by eil^icr 
of the two following formulas, ' ^ 

V sz S-6727cg s= ffl4*58cg' x the velo¬ 

city; where o denotes the velocity of the ball when it strikes 
the pendulum,'p the weight of the pendulum, 6 the weight 
of the ball, c the chord of the are described by the vibra¬ 
tion to the radius r, g the distancp below the axis of mo¬ 
tion to the centre of gravity, o the distance to the centre 
of o^cillntion, f the distance to the point of impact, and n 
the ntimber of oscillations the pendulum will perform in 
one minute, when made to oscillate in small arcs. 'I'he 
latter of these two tlieorems is much the easiest, both be¬ 
cause it is free of radicals, and because the value of the 
radical the former, is to be first computed from 

the number n, or number of oscillations the pendulum is 
observed to make. 

With such machines Mr. Robins made a great number 
of c.xperimcnts, with musket barrels of difiiTciU lengths, 
with balls of various weights, and with different charges 
or quantities of powder. He has set down the rcAilts uf 
6l ofthesc experiments, which nearly agree with the cor¬ 
responding velocities as computed by his theory of the 
force of powder, and which therefore establish that theory 
oa a sure foundation. 

From these experiments, as well as from the preceding 
theory, many important conclusions were deduced by Mr. 
Robins; and indeed by means of these it is obvious that 
every thing may be determined relative both to the true 
theory of projectiles, and to the practice of artillery. 
For, by firing a piece of ordnance, charged in a similar 
manner, against such a ballistic pendulum from different 
distances, the velocity lost by passing through such spaces 
of air will be found, ami consequently the resistance of 
the air, the only circumstance that was wanting to-coiu- 
pletc the theory of gunnery, or military projectiles; and 
of this kind 1 ha^e since made a great number of experi¬ 
ments with cannon balls, and have thereby obtained the 
wbolcscries of resistances to such a ball when moving with 
every degree of velocity, from 0 up to 3200 feet per se¬ 
cond of time. In the structure of ariilleryi they muy 


likewise be of the greatest use : for liciicc may be dit. r- 
mined the best lengtlis of guns ; the proporliuns of ilic »liot 
and powder to the several lengths; the thickness of a piece, 
so as It may be able to confine, without bursliii'’, any 
given charge of poxvder; as also the effect of wads, clim¬ 
bers, placing of the vent, ramming the powder. \c. For 
the many other curious circumstances rel.,iiiig [•> this sub¬ 
ject, and the various other improvenienis in tlie theory 
and practfee of gunnery, made by Mr. lU.bins, consult 
the first vol, of liis Tracts, collected and publi-hed by Ur. 
Wilson, in the year 1761, and republidud wnh many im¬ 
portant notes, and observations, by the author of tfiis 
work, in 1805, where ample information may be obtained. 

Soon after the first publication of Robins's New I’nii- 
cipU*s of Gunnery, in 1742, the learned in several other 
nations, treading in his steps, repeated and farther ex¬ 
tended the same subject, sometimes varying and.eiilarging 
the machinery; particularly Euler inGermuny, D’AntonT 
in Italy, and .M<-ssrs. D’Arcy and Le Roy in France. But 
most of these, like Mr. Robins, with small fire-arms, such 
as muskets and fusils. 

But in the year 1775, in conjunction with several able 
officers of the royal artillery, and other ingenious gcnilc- 
nicn, was undertaken a course of experiments with the 
ballistic pendulum, in which we ventured to extend the 
machinery to cannon shot of 1, 2, and 3 pounds weight. 
An account of these experiments was published in the 
Philos. Trans, for 1778, and for which the Royal Society 
honoured me with the prize of the gold medal. “ These 
were the only experiments that 1 know of which had been 
made with cannon bulls for this purpose, though the con¬ 
clusions to be deduced from such, are of the greatc*st im¬ 
portance to those parts of natural philosophy which aro 
dependent on tlie efl'ecis of fired gunpowder; nor do 1 
know of any other practical nu thod of nsccrtaiiiitig the 
iiiilial velocities within any tolerable degree of the truth. 
The knowledge of this velgcity is of the utmost conse¬ 
quence in gunnery: by means of it, together with the 
law of ihc ri>sistancc of the medium, every thing is deter¬ 
minable relative to that science; for, besides its being an 
excellent method of trying the strength of different kinds 
of powder, it gives us the law relative to the different 
quantities of powiler, to the different weights ofshot, and 
to the different lengths and sizes of guns. Besides these, 
there docs not appi*ar to bfc any thing wanting to answer 
any inquiry that can be made concerning the flight and 
ranges of shot,except theeffecis arising from the resistance 
of the medium. In these experiments the w eights of the 
pendulums employed were from 300 to m ar 600 pounds. 

In that paper is described the method of constructing the 
machinery, of firtdiiig the centres of gravity and oscillufion 
of the pendulum, and of making the experiments, which 
are all set down in the form of a journal, with all the mi¬ 
nute and concomitant circumstances; ns aUo the investi¬ 
gation of the new and easy rule, given above, for com¬ 
puting thrvelocity of the ball from the experiments. The 
charges of powder were varied from 2 to 8 ounces, and 
the shot from 1 to nev 3 pounds. And from the whole 
were clearly deduced these principal inlcrences^ viz, • 

“ 1. First. That gunpowder fires olmost iiisiantoneous- 
Thatthe velocities commutiicated to bnllsorshot, 
of the same weight, by different quantities of powder, are 
nearly in the subduplicatc ratio of those quantities: a 
small variation, in defect, taking place when the quanti.. 
tics of powder bccuroc great,—3. And wlven shut of dif- 
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fcrfnt weights arc employed, with the same quantity of 
powder, the velocities communicated to them, arc nearly 
jn the reciprocal subrJuplicalc ratio of their weiglits^ 

4. So that, universally, shot which arc of dilfcrcni weights, 
find impelled by the flame of different quantities of pow¬ 
der, acquire velocities which are directly as the square 
root:> of tlie quantities of powder, and inversely as the 
square roots of the weights of the shot, marly.—5. It 
would therefore be a great improvement in artillery, to 
make use of shot of a long form, or of heavier matter ; for 
thus the in omen III in of a shot, when fired with the same 
weight of powder, would be increased in the ratio of the 
square root of the weight of the shot.—(>. It would also be 
an improvement to iliininisli the windage; for by so doing, 
one-third or more of the i|uantity of powder might be 
saved.—7. When the improvements mentioned in the last 
two articles arc considered us both taking place, it is evi¬ 
dent that about half the quantity of powder might be 
saved, which is a very considerable object. But im* 
portant as this saving may be, it seems to be still exceeded 
by that of the article of the guns ; for thus a small gun 
may be ina<lc to have the effect and execution of another 
of two or three times its size in the present mode, by dis* 
chargine a shot of two or three titp^s the weight of its na¬ 
tural ball or round shot. And thus a small ship might 
discharge shot as heavy as those of the greatest now made 
use of. 

Finally, as the above experiments exhibit the regu¬ 
lations wiUi regard to the weights of powder and bulls, 
when fired from the same piece of ordnance, &c ; so by 
making similar experiments with a pun, varied in its 
length, by cutting off from it a certain part before each 
course of exporimenls, the effects and general rules for the 
different lengths of guns may be certainly determined by 
them. In short, the principles on which these experi¬ 
ments were made, arc so fruitful in consequences, that, 
in conjunction with the effects resulting from the resist¬ 
ance of the medium, the)' seem to be suflicioiilfor answer¬ 
ing all the inquiries of the speculative philosopher, as 
well as those of the practical artillerist. 

Ill the year 1786 was published the first volume of my 
Tracts, in which is detailed, at great length, another very 
extensive course of experiments which were carried on at 
Woolwich in the years 1783, 178^, and 1785, by order 
of the Duke of Richmond, master-general of the ordnance. 
The objects of this course were very numerous, but the 
principal of thorn wore the following: 

‘ 1. The velocities with which balls arc projected by 

equal charges of powder, from pieces of the same weight 
and caliber, but of different lengths* 

** 2.' The velocities with different charges of powder, 
the weight and length of the gun being the same. « 

3. The greatest velocity due to guns of different 
lengths, to be obtained by increasing the charge as far as 
the resistance of the piece is capable of sustaining. 

** 4. The effect of varying the weight of the pF^e} every 
thing else being the same. 

5. The penetration of balls into blocks of wood. 

** 6s The ranges and times of flight of balls; to com¬ 
pare them with their initial velocities, for determining the 
resistance of the medium* 

** 7* The effect of wads j 

ofdiffer<*nt degrees of ramming; 
of different degrees of windage;^ 
of different positions of the vent; 


3 

of chambers, and trunnions, and every other cir* 
cumstanco necessary lo be known for the im* 
provement of artillery.** 

All these objects were obtained in a very perfect and 
accurate manner; excepting only the article of ranges, 
which were not quite so r^ular and uniform as might be 
wished. l*hc balls were most of tbenr of one pound 
sveight; but the powder was increased from 1 ounce, up 
till the bore was quite full; and the pendulum was from 
600 to 800lb. weight. The conclusions from the whole 
were as follow: 

1. That the former law, between the charge and ve¬ 
locity of ball, is again confirmed, viz, that the velocity is 
directly as the square root of the weight of powder, as far 
as to about the cliargc of 8 ounces : and so it would con¬ 
tinue for all charges, were the guns of an indefinite length. 
But as the length of the charge is increased, and bears a 
more considerable proportion lo the length of the bore, 
the vcUicity falls the more short of that proportion. 

2. That the velocity of the ball increases with the 
charge to a certain point, which is peculiar to each gun, 
where it is greatest; and that by farther increasing 
the charge, the velocity gradually diminishes, till the 
bore is quite full of powder. Tliat this charge for the 
greatest velocity is greater as the gun is longer, but not 
grater however in so high a proportion as the length of 
tlieguii is ; so that the part of the bore filled with powder 
bears a U*ss proportion to the whtde in the long guns, 
than it does in the short ones; the part ofxUv whole which 
is filled being indeed'nearly in iherecipnicul subdupUcate 
ratio of the length of the empty part. And the other cir¬ 
cumstances AS in this table* 


Charges producing the Greatesi Fe/oci/y. 
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3. It appears that the velocity- continually increase 
as the gun is longer, though the increase in vcloeity is but 
very small in respect of the increase in length, the velo¬ 
cities being in a ratio somewhat less than that of tho square 
roots of the length of the bore, but somewhat greater than 
that of tho cube roots of the length, and is indeed nearly 
in the middle of the ratio between the two. 

** 4. The range increases in a much less ratio than the 
velocity,, and indeed is nearly as the square root of the 
velocity, the guft and elevation being the same. And 
when this is compared with the properly of the velocity 
and length of gun in the foregoing paragraph, we perceive 
that very little is gained in the range by a great increase 
in the length of the gun, thcchaige being the same. And 
indeed the range Is nearly as* the 5th root of the Idngth of 
' the bore; which is so small <in increase, as to amount only 
to about Ath part more range fora double length of gun. 

-5* It appears that the lime of the balFs flight is nearly 
as the range; tho gun and elevation being thesam^ 

6. It appears also that there is no sensible difference 
caused in tho velocity or range, by varying the wei ght of 
the gun, nor by the use of wads, aoi* by different degw 
of roroming, nor by firing 4ho charge of powder in difcrent 
parts of It. 
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7. But a great difference in the velocity arises from a 
small degree of windage. Indeed with (he usual established 
windage only, namely, about ^^th of the caliber, no less 
than between | and of the powder escapes and is lost. 
And as the ball> are often smaller than that size, it fre* 
quelltly happens that half thopowderi» lost by unnecessary 
winda<ze. 

S. it Qppean that the resisting force of wood, to balls 
fired into it, is not constant. And that the depths pene¬ 
trated by different velocities or charges, are nearly as the 
logarithms of the charges,* instead of being as the charge's 
themselves, or. w hich is the same thing, us the square of 
the velocity. 

9* Tbi?ie, and most other c*.N|>crimcnts,show that balls 
arc greatly deflected Irom (lie direction they are projected 
in ; and that so much as 300 or 400 yards in a range of a 
mile, or almost ^ uf the range, which is nearly a deflection 
oi an angle of 16 degrees. 

10. f inally, tlu'sc csperiinents'furnish us with the 
following concomitant data, lo a tuleralde degree uf accu¬ 
racy; namely, the dinieiisioiiB and elevation of the gun, 
the weight and dimensiuns c»f the powUer and shut, with 
(he range and time uf flight, and the first velocity of the 
bail. From which it is to be hoped that the measure of ihc 
resistance uf ih'o air to projectiles, may be determined, 
and thereby lay the* foundation fur a true Hinl pruciical 
system of gunnery, which nmy bo as well uselul in service 
ua in theory/* 

Since the publication ofthoseTracts, wehuve |>rosccutcd 
the cxperiinejiidstill farther, ^frum year to year, gradually 
extending our aim to iiioro objects, and enlarging the guns 
and machinery, iiH wc have arrived at eN|M rimeiiis with 
the 6«pounder guns, and pendulums of 18(10 pounds weight. 
One ol tlie new objects oi inquiry, wa^ the resi»iajico the 
almospliere makes to military projectiles ; lo obtain which, 
the guns have been |)jacc<i at many different ilistanccs from 
the |>endulum, against which tliey arc fired, to get tin* vo 
iocity lost HI passing througli those spaces uf air; by which, 
and the use of the whirling inHchine, described in my 
new 'lYacjs, vol. 3, for the slower motions, ( have inves¬ 
tigated the resistance of the air to given bulls moving with 
all dcgretn of velocity, from O up to> 2200 feet per se¬ 
cond ; ais wtl) as the resistHnee for many degrec^s of ve¬ 
locity, to plan(!$ and figures of other shapes, and in¬ 
clined to their path in all varieties of angles; from which 
1 have deduced general laws and formulas for alt such 
iQUlions. 

Air. liobins made also similar experiments on the re¬ 
sistance ol thcair; but being only with musket bullets, on 
account uf ilicir smallness, and of their change of figure 
by the explosion uf the pow<ler, 1 find they arc very in¬ 
accurate, and Considerably different from those above 
meutioiied, which were accurati'ly mado with pretty con¬ 
siderable caonuJi balls, of iron. For which rt'uson we may 
omit here the rulesaod theory deduced from.them by Mr. 

' Robins,till others muro correct shall have been established. 
All .these experiments indoid ogrcc in evincing the very 
enormous resistance ibo air makes to the swift motions of 
. imlifury projectiles, amountuig insqnio cases to 20 or SO 
times the weight of the ball itself; on which account the 
common rules for projccljK*s, deduced from the parabolic 
theory, are of little or no use in real practice { for, from 
these experiments it is clearly proved, that the track de¬ 
scribed by the flight even of tbe heavit'Si shot, is neither a 
parabola, nor yet approaching any thing near it, except 


when they arc projected with very small velocities; in so 
much that some balls, which in ihc air range only to the 
distance of one mile, would in vacuo, when projected with 
the same velocity, range above 10 or 20 limes as far. For 
the common rules of the parabolic theory, sec PnojEC- 
TiLES. See also the articles Force, and Resistance, 
in this Dictionary. 

-Mr. Benjamin Thompson (now Count Rumford), insti¬ 
tuted a very considerable course of experiments of the 
same kind as those of Mr. Robins, witli mu'^kcl barrels, 
which was published in the Philos. Trans, vol. 71, fur the 
year 1781. In tliesc experiments, the conclusions of Mr. 
Robins are generally confirmed, and several other curious 
circumslances in (his business arc at the same lime re¬ 
marked by Mr. 'riioinpvon. This gentleman also pursues 
a hint thrown out by Mr. Robins relative to the detormi' 
ning the velocity of a ball from the recoil of (he pendulous 
gun itself, Mr. Robins, in prop. II, remarks lhal the 
effect of the exploded powder u|jon llic recoil of the gun, 
is the same, whether the gun is charged with a ball, or with¬ 
out one ; and that the chord, or velocity, of recoil with 
the powder alone, being subtracted from that of the recoil 
when charged with both pchvrler and ball, leaves (he velo¬ 
city which is due lo the ball alone. Hence Mr. Tliomp- 
son observes, that (he inference is obvious, viz, that the 
inomeiuuni thus communicated to the gun by the ball 
alone, being equal to the momentum of the ball, this bc- 
come> known; and therefore being divided by the known 
weight of (he bull, the quotient will be its velocity. Mr. 
*J^lionipson sets a gn*at value on this new rule, the velo¬ 
cities by means of which, he found to agree nearly with 
several of those deducetl from the motion ol the pendulum; 
and in the other cases in which they diflered greatly from 
(h«sc, he very inconsistently su])poscs that these latter 
ones an* erroneous. In the experiments however contain¬ 
ed in my Tracts, a great multitude of those cases arc 
compared together, and the inaccuracy of that new rule 
is fully proved 

Having in the 9lh prop, compared together a number 
of computed and experimental velocities of balls, to verify 
his theory; in the lOtb prop. Mr. Robins assigns the 
changes in (he force of powder, which arise from the dif¬ 
ferent state uf the a(mosphcrC|^a5 to heat and moisture, 
both which he finds have some cffcct on it, but especially 
the latter. In prop. 11 he invi*stigates the velocity which 
the flame of gunpowder acquires by expanding tUcIf, sup¬ 
posing it firetl in a given piece of artillery, without either 
a bullet or any other body placed beforc'it. This velocity 
lie finds is upwards of 7000 feet per second. But ihe ce¬ 
lebrated Euler, in his commentary on (his part of Mr. ' 
UobinsY book, thinks it may be still much greater. And 
in this prop* it Js that Mr. Robins declares bis opinion, 
above alluded to, viz, that the effect of the powder upon 
the recoil of the gun is the same, in all cases, whether 
fired with a bull, or without one.-—In prop. 12 he ascer¬ 
tains thc^ manner in which the flame of powder impels a 
ball which is laid at a consldemblc distance from tbe 
charge; showing here that the sudden accumulation and 
density of the fluid against the ball, is the reason that the 
barrel is so often burst in those cases.-*-In prop. 13 he 
enumerates the various kinds of powder, and describes the 
propercst methods of examining its goodness. He here 
shows that the best proportion of the ingredients, is when 
the saltpetre is | of the whole compound mass of tbepow- 
dcfi and (he sulphur and charcoal the other j* between 
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Hicni, if) equal quanlUi<^. In this prop. Mr. Robins takes 
occasion to remark upon the use of eprouvetUs, or me* 
ihods of trying powder ; condemning the practice of the 
Lnglisl) in using what is called the vciticalcprouvette ; as 
well a* that of the French, in employing a small mortar, 
with a very large ball, and a small charge of powder : and 
instead ol ihcsf, he strongly recommends the use of bis 
ballistic penciiiluni, for its great accuracy: but for still 
greater dispatch, he tells us he should use another nic^ 
thod, which however he reserves to himself, without giv* 
ing any particular description of it. From w hat has been 
done l>y Mr. Robins upon this hca<], several persons liavc 
introduced his method of suspeiulingthe gun as a pciidu- * 
turn, and noting the quantity of its oscillating recoil when 
tired with a certain quantity of powder; and of this kind 
I have contrived a machine, whicli possesses several ad¬ 
vantages ovej all others, being extremely simple, accurate, 
find c.Npediiious ; so much so indeed, that the weighing 
out ol (lie powder is the chief part of the trouble. Sec 
Gun row'of.u, aiul EeaouvEtTE., 

I'he other or 2d chapter of Mr. Robins's work, in 8 
propositions, treats “ of the resistance of the air, and of the 
track described by the fliglu of shot and shells." And of 
these, pnjp. 1 describes the general principles of the re¬ 
sistance of fluids to solid bodies moving in them. Here 
Mr. Robins discriminates between continued and com¬ 
pressed duids, which immediately rush into the space 
c|uillcd by a body moving in them, and whose parts yield 
to the impulse of the body without condensing and accu¬ 
mulating before it; and such fluids as are imperfectly 
compressed, rushing into a void space with a limited ve¬ 
locity, as in the case of our atmosphere, which condenses 
more and more before the ball as this moves quicker, and 
also presses the less behind it, by following it ulw'ays with 
only a given velocity : hence it happens that the former 
fluid will resist moving bodies in proportion to the square 
of the velocity, while the latter resists in a higher propor- 
tion.~Propositian 2 is ** to dotenninc the resistance b( 
the air to projectiles by experiments." One of the me¬ 
thods for this |)urposc, is by the ballistic pendulum, pla¬ 
cing the gun at ditTcrent distances from it, by which ho 
finds the velocity lost in passing through certain spaces of 
air, am| consequently the force of resistance to such ve¬ 
locities as the body moves* with in the several parts of its 
path* And another way was by firing b^lls, with a given 
velocity, over a large piece of water, in which the fall and 
plunge of the ball could be seen, and cons^|uently the 
space it passet) over in a given time. By thesfc means 
Air. Robins determined the resistances of the air to several 
diflerent velocities, all which showed that there was a gra¬ 
dual increase of the resistance,over the law of the square 
of the velocity, as the body moved quicker. In the rcniain- 
ing propositurns of this chapter, he proceeds a little fur¬ 
ther in this subject of the resistance of the air; ip which 
he lays down a rule for the proportion of the resistance be¬ 
tween two assigned velocities; and he shows that^when a 
24-poun<l ball, fired with ita full charge of.puwder, first 
issues from the piece, the resistance it meets with from 
the air is more than 20 times its weight. He further proves 
that the track described by the flight of shot or shells is 
neither a parabola, nor nearly a parabola, unless they arc 
projected with small velocities;" and that bullets in 
their flight are not only depressed beneath tbeir 4)riginal 
direction by the action of gravity, but are also frequently 
driven to the right or left of that direction by the action 


of some other force: and in the 8th or last proposition, 
lie protends to show that the depths of penetration of balls 
into firm substances, arc as the squares of the velocities. 
But this is a mistake ; for neither does it appear that his 
trials were suflicicntly numerous or various, nor were hU 
small leaden balls fit for this purpose ; and I have found, 
from a number of trials with iron cannon balls, that the 
penetrations arc in a much lower proportion, and that the 
resisting force of wood is not uniform. See iny Tracts. 

In the following small tracts, added to the principles, in 
this volume, Mr. Robins prosecutes tbe subject of tlie re¬ 
sistance of the air much fuitber, and lays down rules for 
computing ranges made in the air. But these must be far 
from accurate, as they arc founded on the two following 
principles, which 1 know, from numerous experiments, are 
erroneous: vii, Ut, “ That till the velocity of the projec¬ 
tile surpasses that of 1100 feet in a second, the resistance 
may be esteemed to be in tlic duplicate proportion of the 
velocity. 2d, That if the velocity be greater than that of 
11 or 1200 feet ill a second, then the absolute quantity of 
that resistance in these greater velocities will be near 3 
times as gicat, as it should be by a comparison with tbe 
smaller velocities." For, instead of passing at once from 
the law of the square of the velocities, and ever after being 
about 3 times as much, my experiments prove that the in¬ 
crease of the rc^sistance above the law of the square of the 
velocity, takes place at first in the smallest motions, and 
increases gradually more and more, to a certain point, but 
never rises so high as to be 3 times that quantity, after 
which it decreases again. AH which fully appears in the 
3J vol. of my new Tracts, lately published. 

The additional .tracts of Mr. Robins, in the latter part 
of this volume^ \Vhich contain many useful and important 
matters, arc numbered and titled as follows, via. Number 1, 

Of the resistance of the air. Number 2, Of the resist¬ 
ance of the air; togedier with the method of computing 
the motions of bodies projected in that medium. Numbers, 
An account of the experiments, relating to tbe resistance 
of the OK, exhibited at diflerent times before the Royal So¬ 
ciety, in the year 1746. Numbct^4, Of the force of fired 
gunpowder, together with the computation of the veloci¬ 
ties thcreb) communicated to military projectiles. Num¬ 
ber 5, A comparison of the experimental ranges of cannon 
«ind mortars Vith the theory contained in the preceding 
papers.^Practical Maxims relating to ihccflccts and ma¬ 
nagement of artillery, and the flight of shells and shot.— 
A proposal for increasing the strength of the British navy, 
by changing all the guns, from the iS^poundcrs down¬ 
wards, into others of equal weight, but of a greater bore." 
With several letters, and other papers, ** On pointing, or 
the directing of cannon to strike distant objects; Of the 
nature and advantage of rifled barrel-pieces," &c. 

] have dwelt thus long on Mr. Robius’s New Principles 
of Gunnery, because it is the first work that can be consi¬ 
dered as attempting to establish a practical system of gun¬ 
nery, and projectiles, on good experiments, on the force 
of gunpowder, on the resistance of tbe air, and on tbe ef¬ 
fects of diflerent pieces of artillery. Those experiments 
arc however not sufficiently perfect, both on account of 
thc^smallness of the bullets, aud for want of good ranges, 
to form a proper theory upon.. 1 have supplied some of 
the necessary desiderata for this purpose, vis, the resist¬ 
ance of the air to cannon balls moving with all degrees of 
velocity, and the velocities communicated by given charges 
of powde^ to dificrcul ballsi and from different jdccei^f 
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artillciy* But tlicre arc stilt wanting good experiments 
With diScrent pieces of ordnance^ giving the ranges and 
timi^s of flight, with all \arietics of charges, and at all dif* 
ferent angles of elevatJnii. A few ImaeviTof tl»osc I lia\c 
obtained, as in the following small tabic, whicli arc dc* 
rived from experiments made with n mediufn une*poun« 
dergun, the iron hall being nearly 2 inches in diameter* 
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The celebrated Euler added many excellent disserta* 
lions on the subject of gunnery, in hrs translation of Ho* 
bias's gunnery into the German language; uliich were 
again farther improved in Brown's translation of llic same 
into English in the year 1777. SecaUo Antoni's Examen 
dc 1 h Poudre; the experiments of MM* d'Arcy and Lc 
Roy^ in the Memoirs o( the Academy in 1731 ; atid 
D'Arcy's Essai d'une tbcoric d'artiUcric in 176u: my 
Tracts; and paper on the force of flred gunpowder in the 
Philos* Trans* for 1778: and Thompson's paper on tbc 
same subject in 1781: but above all, voL 2 and 3 of my 
new Tracts, containing the concludin;’ deductions drawn 
from all the experiments made at Woolwich* 

Of the common or parabolic theory of gunnery, Mr* 
Simpson gave a very neat and concise treatise in his Select 
Exercises* And ^ very ingenious treatise also given 
by Mr* Reuben Burrough, in 1779» containing, not only 
the problems that arc common on this subject, and the 
method of determining the maximum range on an inclined 
plane when tbc piece is situated in that plane; hut also 
when it is placed above or below the given plane; a pro¬ 
blem of much greater difficulty, and which had not before 
been publicly given by any other autlior* Other writers 
on this part, are Starrat, Gray, Williams, Glenie, &c* 

GUNPOWDER, a composition of nitre, sulphur, and 
charcoal, mixed together, and usually granulated* This 
easily takes Arc; and when Ared, it raroAcs or expands 
with great vehemence, by means of its elastic force.-^lt 
is to this powder that we owe all the effect and action of 
guns, and ordnance of all sorts* So that fortiAcation, 
with the modern military art, &c, in a great measure de¬ 
pend upon it* Tbe above dcAnittou however is not gene¬ 
ral, for instead of the nitre# it has lately been discovered 
that the marine acid answers much better, as to strength, 
but is dangerous in its use, as too liable to accidental ex* 
plosion* 

The invention of gunpowder is ascribed, by Polydorc 
Virgil,to a chemist; who bgving accidentally put some of 
ibis composition in a mortar, and covered it with a stone, it 
happened to take Arc, and blew up the stone* Thevet 
forms us that the person here spoken of was a monk of 
Fribourg, named Constantine Anclzcn; but Dcllcforet 
and other authors, with more probability, bold it to be 
Bartholdus Schwartz, or Black, who discovered it, as 
some SAv, about the year 1320; and the Arst use of it is 
ascribed to tbe Venetians, in the year 1380, during tbe 
war with the Genoese* But there arc earlier accounts of 
its use, after the accident of Schwartz, as well as before it* 
VOL. I* 


lor Pt’ier Mexia, in \’arious Readings, ment!<nis that 
the Moors In iog besieged in 1343, by Alplionsus the 1 hh, 
king r»l Ca'^jile, discharged a kind of iron mortars upon 
them, which made a noise like thunder; and this is se¬ 
conded by w hal iv related by Don Pedro, bishop of ixun» 
in his cliroriicle of King Alphon^us, who reduced Toledo, 
viz, that ill a sea-c<unbat between ilie king of Tunis and 
the Moorish king of S about that lime, those of Tu¬ 
nis had certain iron tubs or barrels, with which they threw 
thunderbolts of Arc* Ducangc adds, that ihuro is men¬ 
tion made of gunpowder in the registers of the chambers 
of accounts in France as early as the year 133S. 

But it appears that Roger Bacon knew of gunpowder 
near 100 years befor? Schwartz was born. He'ulls us, in 
Ins Treatise De Secretis Operibus Artis ct Nalura?, et de 
Nullilalc Magia.', cap. tf, (which is supposed by some to 
have been publi^hed ai Oxford in 121o, and which was 
undoubtedly wrilten before his Opus Majus, in 126 /). 
‘‘ that from saltpetre, and other ingredients, we are able 
to make a Arc that shall burn at what di^^tance we please.'' 
Dr. Ploitalsoin his History of Oxfordshire, pa. 236, assures 
Us that these ** othir ingredients were explained in u MS. 
copy of the same treaiisc, in the liands of Dr. G. Langhain, 
and seen by Dr. Wallis, to be sulphur and wood coal*” 
In addition to which we are told in the life of Friar Ba¬ 
con in Biographia Uritannica, vol. I, that Bacon himself 
has divulged the secret of this composition in a cipher, by 
transposing the letters of the two words in chap* .si* of the 
said treatise; where it is thus expressed: 5«*d lamm suli^ 
petr® Luka mope can ubre (i* e. carhonum pulvere) 
et sulphuris ; cl sic facies tonitrum et corruscationein, si 
scias artiAcium : and hence the biographer apprehends the 
words carbonum puherc were translerrcd to the 6tlj chap¬ 
ter of Langbain’s MS. In this same chapter Bacon ex¬ 
pressly says that sounds like thunder, and corruscations, 
may he formed in the air, much more horrible than those 
that happen naturally. And farther adds, that there are 
many ways of doing this, by which a city or an urmy 
might be deslroyeil: and he supposes that by an nrliAce 
of this kind Gideon defeated tbe Midiiinitcs with only 300 
men : Judges, chap* 7- There is also another passage to 
the same purpose, ip the treatise Do Scieiitia Experimen* 
tali* See Dr. Jebb's edition of the Opus Majus, pa. 474. 
Sec also the life of R* Bacon in tliis Dictionary. 

Mr. Robins, in the preface to his gunnery, appndiends 
(bat Bacon describes gunpowder not as a new composi¬ 
tion Arst proposed by himself, but as the application of an 
old one to military purposes, and that it was known long 
before his time. 

But M. Dutcnscarri<*s (ho antiquity of gunpowder still 
much higher, and refers to the w ritings of tlm ancients 
themselves for the proof of it* Virgil," says he, << and 
his Coromcnialor Scrvius (/tneid, lib. 6, v. 583), Hygi- 
nus (Fabul. 6l and 650), Euslnlhius (ud OdyA, A 234, 
pa. 1682, lib. 1), I.ia Cerda (in Virgil* loc. cit.), Valerius 
Flaccus (lib* i* 662), and many other authors (as Raphael 
Volatarran. inComnientar.Cornelius Agrippa poster.Opcr* 
dc Verba Dei, c. 100, pa. 237.—Gruteri Fax Artium Li¬ 
beral. tom. 2, pa* 1236), speak in such a manner of Sal- 
moneus's attempts to imitate thunder, as suggest lo us 
that this prince usc^d for that purpose a composition of tlio 
nature of gunpowder* Eustathius in parlicular mentions 
him on this occasion, as being so very expert in mecha¬ 
nics, that he formed machines, which imitated the noise of 
thunder; and tbe writers of fablci whose surprise in this 
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reaped iiwy be compared to that of the Mexicans when 
tliey /ir>t brlu ld the rirc-arins of ihe Spaniards, give out 
that Jupiter, inc<n<5eii at the audacity of this prince, slew 
Inrii uitfi lightning;, a> he uius employinj; himself in launch* 
ini: hib tliMPuU'r. But it is much more natural to suppose 
tiMt tliis unfortunate prince, the in\int<*r <4 *iunpo\%<ler, 
jiaie use to these liihlev, by lui\in» accidentally tallen a 
\u tun {•> his o"n eAperirneuis. Uion (Hist. Rom. in Ca* 
pa. and Joannes Aniiochciius (in Chronico, 

iJc, a Valesiu CMlita, Paris J63K pa. m), report the very 
same thing of Calii:ula, assuiing us lliat this emperor imi¬ 
tated iliunderarnl h^hininghy means of certain machines, 
wliich lit Ine same time emitted sloms. 'I'heinislius also 
informs us that tlie Brachmans encoimlcred one another 
with liiuhder and li^litning, which they had the art of 
launchingfroinouhighal a cuiisiderabledislance; (1 hemist. 
Oratio 27, pa. 337). And in another place ho relates, 
that Hercules and Bacchus, attempting to assail them in a 
full where iliey were entrenched, were so roughly receiv¬ 
ed by reiterated strokes of thunder and lightning, that 
they Nvere obliged to retire, leaving behind them an over- 
lasting monument of the rashness of their enterprise. Aga* 
ihias tin hisli)riun reports of Anthemius Tralieiisis, that 
having disagreed with his neighbour Zeno the rhetorician, 
he set fire to his house with thunder and lightning. It 
appears fnun all these passages, that the effects ascribed to 
these engines of war, especially those of Caligula, Aiilhc- 
niius, and the Indians, could be only brought about by 
giinpuw'der. And what is still more, wc hnd in Julius 
Africanus a receipt for an ingenious composition to be 
thrown upon an em-my, which very nearly resembles that 
powder. But what places this beyond all doubt, is a dear 
and positive passage of an author called Marcus Gnccus, 
whose work in manuscript is in the royal library at Paris, 
entitled Liber Ignium. Dr. Mead had the same also in 
manuscript, and a copy of iliatis now in my hands. (See 
above.) 'I'lic author describes several ways of encounter* 
ing an enemy, by launching fire upon him; and among 
others gives the following. Mix together one pound of 
live sulphur, tw o of charcoal of willow, ami 6 of saltpetre ; 
reducing them to a very fine powder in a marble mortar. 
He adds, that a certain quantity of this is to be pul into 
a long, narrow, and well compacted cover, and so dis¬ 
charged into the air. Here we have the description uf a 
rocket The cover with which thunder is imitated, he 
represents ns short, thick, but half-filled, and strongly 
bound with packthread; which is exactly the form 
of a cracker. He then treats of different methods of 
preparing the match, and how one squib may set fire 
to another in the air, by having it inclosed within it. 
In short, bespeaks as clearly of the composition and effects 
of gunpowder, as any person in our tunes could do. 1 
own I have not yet been able precisely to determine when 
this author lived, but probably it was before the time of 
the Arabian physician Mesue, who mentions liim, and who 
nourished in the beginning of the 9th century. Nay, there 
U reason to believe that he is the sanre of whom Galen 
speaks; in w liich case he will be of antiquity suiBcient to 
support wbnt I advance/' It appears also from many au¬ 
thors, and many circumstances, that this composition has 
been known to the Chinese and Indians for thousands of 
years. Sue what is said on this head under the article 
Guk. 

To this history of gunpowder it may be added, that it 
has lately been discovered that saltpetre or nitre is not es* 


Si*i)tial to this composition, but that its place may besu|>- 
plied by other substances; for new gunpowder, uf double 
the strength of the ol<l,has lately been made in France, by 
the chemists in that country, without any nitre at all; 
and in the year 179^ I tried ^onic of this new powder, 
that was m;ide at Woolwich, with my eprouvette, when I 
found it about double the strength of the ordinary sort. 
11ns is effected by substituting, instead of the nitre, the like 
quantity of the murine acid. 

But perhaps this new composition may not come into 
common aitd general use; both because of the great ex¬ 
pense in procuring or making the acid, and of the trouble 
and danger of preventing it from taking fire by the heat 
in the operation; for it is found to catch fire and explode 
from a very small degree of be<^t, and without the aid of a 
spark. 

As to (he Preparation of Guk Pow der; there are diven 
compositions of it, with respect to the proportions of the 
three ingredients, to be met with in pyrotechnical writings ; 
but the process of making it up is much the same in all. 

For some time after the invention of artillery, gunpow¬ 
der was of a mud) weaker composition than that now in 
use, or that described by Marcus Grxeus; which was 
cliicfly owing to the wcakm*ss of their first pieces. See 
Gun and Cannon. Of 23 different compositions, used 
at different limits, and mciuioned byTartngUa in hisQues. 
and Inv. lib. 3, (|uc$. 5, tbc first, which was the oldest, 
contained equal parts of the three ingredients. But when 
guns of moilprn structure were introduced, gunpowder of 
the same composition as the present came also into use. 
In the time of Tartaglia the cannon powder was made of 
4 parts of nitre, one of sulphur, and one of charcoal; and 
the musket powder of 48 parts of m(rc, 7 parts of sulphur, 
and 8 parts of charcoal; or of 18 parts of nitre, 2 parts 
of sulphur, and 3 parts of charcoal. But the modem 
composition is 6 parts of nitre, to one of each of the other 
two ingredients. Though Mr. Napier says, he finds the 
strength commonly to be greatest when the proportions 
are, nitre 3lh, charcoal about 9ori and sulphur about Sor. 
Sec his paper on Gunpowder in the Transactions of the 
Royal Irish Academy, vol. 2. The cannon powder was in 
meal, and the musket powder grained. And it is certain 
that the graining of powder, which is a very considerable 
advantage, is a modern improvemenU Seethe preface to 
Robins's Matin Tracts, pa. 32. 

In making gunpowder, regard is to be had to the purity 
or goodness of the ingredients, as well as the proportions of 
them; for the strength of the powder depends much on 
tliat circumstance, and also on the proper working* or 
mixing them together. 

To purify the nitre, by taking away the fi.xt or common 
salt, and earthy part. DisSolvc it in a quantity of hot 
water over the fire; then filtrate it through a flannel bag, 
into an open vessel, and set it aside to cool, and to crystal¬ 
lize. These crystals may in like manfier be dissolved^and 
crystallized again; and so on, till they become quite pure 
and white. Then put these crystals into a dry keltic over 
a moderate fire, which gradually increase till it begins to 
smoko, evaporate, lose iu humidity, and grow very white: 
it must be kt'pl continually stirring with a ladle, lest it 
should return to its former figure, by which its greasings 
would be taken away: after that, so much water is to be 
poured into the kettle os will cover the* nitre; and when 
It is dissolved, and reduced to ibc consistency of a thick 
liquof/it must be continually stirred with rf ladle till all 
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the moisture is again evaporated, and it he reduced to a dry 
and white meal. 

The like regurd4$ to be had to the sulphur; choosing 
that which is ih large lumps, clear and peiicclly yellow ; 
not very hard, nor coiiipuct, but porous; nor yet too 
much shiriiiig; and if, when set on hre, it Ireely bums all 
awa^, it is a sign of its goodness: so likewiM*, if it be 
pressed between two iron platen that are lioi enough to 
make it ruii, and in tlie running it appeal's )cllow, and 
that which remains of a reddish colour, it is then lit for 
the purpose, liut in cuso it be foul, it may be* purified in 
this iH||nncr: melt the sulphur iu a large inui ladle, or 
pot, over a very gentle coal lire, well kindled, but not 
darning; thvit scum otVall that rises on the top, and swims 
upon the sulphur; take it pri*sently after from the riie, 
and strain it through a double linen cloth, letting it pass 
leisurely; so will it be pure, the gross matter remaining 
behind in the chith. 

For the charcoal, the third ingredient, such should be 
chosen as is large, clear, and free from km^s, well burnt, 
and cleaving. 'Fhc charcoal of light woods is mostly pro* 
fcrrcd, us of willow, and (hut of the branches or twigs of 
a moderate thickness, hs of an inch or two in diameter. 
Dogwood is now much esteemed for this purpose; And a 
method of charring the wood in a large jron cylinder has 
lately been rccommended, and indeed proved, as yielding 
better charcoal than formerly. The charcoal not only 
concurs with the sulphur in supplying the inflammable 
matter, which causes the detonation of the nitre, but also 
greatly adds to the explosive power of it by the quantity 
of clastic vapour expelled during its combustion. 

These three ingredients, in their purest state, being pro* 
cured, tong experience has shown that they arc then to be 
mixed together in the proportion befon* mentioned, to 
have the best effect, viz, threc^quartersof the composition 
to be nitre, and tbc other quarter made up of equal parts of 
the other two ingredients; or, which is the same thing, 6 
parts nitre, I part sulphur, and 1 part charcoal. 

But it is not the due proportion of tbc materials only, 
which is necessary to the making of good powder; another 
circumstance, not less essential, is the mixing them well 
together: if this be not effectually done, some parts of the 
composition will have too much nitre in them, and others 
too little; and in either case there will be a defect of 
strength in the powder. Aobins, pa. II 9 . 

After the materials have been reduced to 6nc dust, they 
arc mixed together, and moistened with water, or vinegar, 
or urine, or spirit of wine, Ac, and then beaten together 
with woodco pestles for 24 hours, either by hand, or by 
mills, and afterwards pressed into a hard, Arm, and solid 
cake. When dry, it is grained or corned; which is done 
by breaking the cake of powder into small pieces, and so 
running it through a sieve; by which means the grains 
may have any size given them, according to the nature of 
the sieve employed, either flner or coaner; and thus also 
the dust is separated from the grains, and again mixed 
with Dthe^ mauulacturing powder, or worked again into 
cakes. 

Powder is smoothed, or glazed, as it is called, for small 
arms, by the following operation: a hollow cylinder or cask 
is mounted on an axis, turned by a wheel; this cask is half 
flllcd with powder, and turned ^r 6 hours; and thus by 
the mutual friction of (be grains of powder it is smoothed, 
or glazed. The flne mealy part, thus separated or worn 
off from the rest, is again granulated* 
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T/ic Nature^ F^is, of Pourfrr,—Wlu n tl.e powfhr 

IS prepaied as ubo\e, if ihe least spark be stiiuk iipon it 
from astvil mh'I riiat, ibe whoU’ will immediately ndl.ti^ie, 
unci burst forifi wiili extreme vi lencc.—’Ihc eflvei is by 
no means diiricnil I'l account for: ibe cliarcoul partol ific- 
grain uponwliith tin* spark lulls, edtchifi;» tire like lind'r, 
the sulpljur HtuI nitre aje readily jmited, and ih«* tornu r 
also breaks into llaine ; ihe ^ruins at the >Ri!.e 

time undergoing the same ileccmqjovjtjnh. 

Upon lhi> piiint Sir Isaac Ntunai r»a^orr> it)u>: I’bc 
charcnal and sulphur in junpcjcvdef easily take fire, and 
kindle the nitre; and llie spirit ol ih( nitre, bung flierely 
rarefied into \epoiir, rushes out with an e.\pir»sun ninth 
after the manner that the vapour of water ruslies out ot au 
eoiipile; the sulphur ,'ilso, being volatile, is cor*ver(vd into 
vapour, and augments llic explosion: add, that the acjil 
sapour of tlie sulphur, namely that which distils unde r ti 
bell into oil of^iilphur,entering: violently itito the fixt body 
of the nitre, lets loose the spirit of the nitre, and excites a 
greater fermentation, by which the luat is farther aug¬ 
mented, and the fixl body of the nitre is also rarefied into 
fume; and the explosion iu consequence made more vehe¬ 
ment and quick. 

For if salt of tartar be mixed with gunpowder, and that 
mixture be wanned till it takes fire, the explosion will be 
far more violent and rapid than that of gunpowder alone; 
which cannot proceed from any other cause, than tiie ac¬ 
tion of the vapour of the gunpowder upon the salt of tartar, 
by which that salt is rarefied. 

The explosion of gunpowder therefore arises from the 
violent action, by which all ihc mixture being ([uickly and 
vehemently heated, is rarefied and converted into fume and 
vapour; which vapour, by the violence of tliul action be¬ 
coming so hot as to shine, appears iu the form of a llunie. 

M. Laliire, in the History of the French Academy 
for 1702 , ascribes all the force and effect of gunpowder to 
the spring or elasticity of the air inclosed in the seyeral 
grains of it, and in the intervals or spaces bet^^eim the 
grains: the powder being kindled, sets the springs of so 
manyiitUe parcels of air into uctiun, and dilates tliem all 
at once, whence the effect; the powder itself only serving to 
light a Arc which may put the air in action ; after which 
the whole is performed by tbe air alone. 

But it appears from the experiments and observations 
of Mr. Robins, that if this air be in its nnturnl state at the 
lime when the powder is flred, the greatest u<ldition its 
elasticity could acquire from the flame of the explosion, 
would not amount to five times its usual <[uni]tity, and 
therefore could not suffice for the 200th part of the effort 
which is exerted by fired powder. To understand the 
force of gunpowder, it must be considered that, whether it 
be fired in a vacuum or iu air, it produces by its explosion 
a permanent clastic fluid. Sec Philos. Trans. No. 293; 
also Huuksbee^s Phys. Meehan. Exp. pa. 81. It also ap* 
pears from experiment, that the ehisiicity or pressure of the 
fluid produced by the firing of gunpowder, is, c:ctcris pa¬ 
ribus, directly as its density. 

In order to determine the elasticity and quantity of thia 
clastic fluid, produced from the explosion of n given quan» 
tity of gunpowder, Mr. Robins premises, that the elas¬ 
ticity of this fluid increases by heat, and diminishes by 
cold, in the same manner as common oir; and that the 
density of this fluid, and consequently its weight, is the 
same with tbc weight of an equal bulk of air, having the 
same elasticity and the same temperature. From these 
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principles anti from tlir experiments by which they arc 
(tor a cif which we must refer ti» the 

tx' k itself, «o nften cited in the prcccdini; articlt'N)^ hocon- 
< I',ties that the fliiiti ]>n)<Uiccd by the tiring of cuiipowder 
nearly of the weiglii of the generating powder itself; 
and that the volume or bulk of this oir or Iluid, wlien cx- 
p,.o<led to the rarity i>f common alino^jduTic air, is about 
*J t t liioes the bulk «»f the said generatitig powder; and 
which I have pi<»vr«i tr> be KioO linics the bulk it occu- 
[Hed Ml the nitre ( Traefs, \ol. 3, pa. 303). (N>unt Suluce, 
nj his Miscel. Piiii. Mutheiii. hoc. Priv. Tatirin. pa, 123, 
makes the pr(»[)"Jiion as 2*22 to I ; which he says agrees 
with The computation of Mess, llauksbee, Amontons, and 
J^olidor. 

lienee it appears, that any (juantrtyof powder fired in 
any confined sjiaer, w hicli it adequately fills, exerts at the 
instant of its explosum against the sides of the vessel con¬ 
taining it, and the hudivs it impels before it, a force at 
least 241* tiiiu's greater than the elasticity of common air, 
or, which is the same thing, than the pressure of the atino- 
spliore ; and this, w ithout considering the areat addition 
ari.sinti from the violent ilegrec of heal with which it is 
endued at that time; tlie (piantity of wliich augmentation 
is the next head of Mr. U<d>ins'sci%<|Utryr He iletermincs 
that the elasticity of the uir is increased in a proportion 
somew hat greater than that of 4 to 1, when heated to the 
rxtreinest heat of red hot iron ; and supposing that tlie fiaine 
of (ired gunpowilcT is not of a less degr<*e of heat, increa¬ 
sing the former number a little more than 4 tinios^ makes 
nearly 1000; which shows that the elasticity of the fianie, 
at the moment of explosion, is about 1000 times stronger 
than tlie elasticity of common air, or than the pn ssure of 
the atmosphere. But, from the height of the barometer, 
if is known that the pressure of th<* atmosphere upon every 
square inch, is on a medium I4]ib; and therefore 1000 
limes this, or 147301b, is the force or pressure <if the flame 
of gunpowder, at the moment of explosion, upon a square 
inch, which is very nearly equivalent to () tons aa<l a half. 
And it is proved in my'rnict.s, vol, 3, that the force is 
more than double of this. I'liis great force however di¬ 
minishes as tlic fluid dilates itself, and in that proportion, 
viz, in proportion to the space it occupies, it being only half 
the strengih wiion it occupies a double* space, one third the 
strength when triple the space, and so on. 

Mr. Robins further supposes the degree of heat above 
mentioned to be a kind of medium heat; but that in the 
case of large <|utintities of pow<ler the heat will be higher, 
and in very small quantities lower; ond that therefore in 
the former case the force will be somewhat more, and in 
the latter somewhat less, than 1000 times the force or pres¬ 
sure of the atmosphere. 

He further found that the strength o( powder is the 
same in all variations in the density of the atmosphere. 
Dut that the medstureof the air has a great effect upon il; 
for the same quantity which in n dry season would dis* 
chaise a bullet with a velocity of 1700 feet in one second, 
will not in dump weather give it a velocity of more than 
12 or 1300 fci't in a second, or even lefts, if the powder 
be bad, and improperly kept. Robins's Tracts, vol. 1, 
pa. 101, &c. Farther, as there is a certain quantity of 
water which, when mixed with powder, will prevent its 
firing at all, it cannot be doubted but every degree of 
moisture must abate the violence of the explosion; and 
hence the efiects of damp pwder arc uot difficult to be 
accounted for* 
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It i< to be observed, however, that the moisture imbibed 
by powder «locs not render it less active when dried again. 
Indeed, if powder be exposed to very gfeal damps without 
any caution, or when common salt abounSs In it, as often 
happens ibrougb negligence in refining the nitre, in such 
cases the moisture it imbibes may perhaps be sufficient to 
dissolve some part of the nitre: which is a pennancnC da¬ 
mage that no drying can retrievr. But when tolemhlecare 
is tuken in preserving powder, and ihe nitre it is composed 
of lias betm well purged (rom common bale, it will retain its 
force* for a long time; and it is said ihat p<jwdcr has been 
known to have been preserved tor 30 years with^t any 
apparent damage from its age. 

'fhe velocity of expansion of the flame of gunpowder, 
wlien fired in a piece of artillery, without cither bullet or 
other body placed before it, is prodigiously great, viz, 
7000 feet per second, or ifftwurds, us appears from the ex¬ 
periments <ji Mr, Robins. But Mr. Bernoulli as well as 
Euler suspect it is still much greater; though 1 have found 
it to be much the same as Mr. Robins. See my Tracts, 
vol. 3, pa. 306* 

It is this prodigious celerity of expansion of the flame 
of tired gun|)owder, which is its peculiar excellence, and 
the circumstance in which il so cmment>y'surpas|es all 
other inventions, either ancient or modern: for as to the 
momentum of these projectiles only, many of the warlike 
machines of the ancients produccil this in u degr<*c far sur^ 
passing that of our heaviest cannon shot or shells; but the 
great celerity given to these bodies cannot be in the least 
approached by any other means than the flnmo of powder. 

To protc (wiinpowd<r. There arc several ways of doing 
this. 1, By sight: thus, if it be too black, il is a sign that 
it is moist, or else that it contains too much charcoal; so 
also, if rubbed upon whitepaper, it blackens it more than 
good powder does: but if it of a kind of azure colour, 
somewhat inclining to red, it is a proof of good powder* 
2, By touching: for if in crushing it with the fingers' 
ends, the grains break easily, and turn into dusti without 
feeling hard, it has too much coal in it; or if, in pressing 
it under the fingers upon a smooth hard board, some 
grains feel harder than the rest, il denotes (hat (he sul¬ 
phur is nut well mixed with the nitre* Also by thrusting 
the hand into the parcel of powder, and grasping jt, os if 
to take out n handful, you will feel whether it be dry and 
equally grained, by ii» evading the grasp, and running 
mostly out of the hand. 3, By burning; and here ibe 
method most commonly followed for this purpose with us, 
says Mr. Robins, is to fire a small heap of tD on a clean 
board, and to attend nicely to the flame and jmoke itpro- 
• duces, as well as to the marks it leaves behind on the 
board: but bt*sidcs this uncertain method, there are 
other contrivances made us* of, such as powdc^lriela 
acting by a spring, commonly sold at the shops, and 
others again that move a great weight, throwing it 
wards, which is a very bad sort of eprouvette. But these 
macliines, says Mr. Robirrs, though more perfect than 
the common powder-triers, arc yet liable to (|>eat irregu¬ 
larities; for as they are all moved by the instaDtaneous 
stroke of the fiamc, and not by its continued pressurt^ 
they do not determine the force of the fired powder wilh 
sufficient certainly and uniformity* Another method is 
to judge from the range given toalarge solid ball, thrown 
from a very short mortar, charged with a small quantity 
of powder; which is also an uncertain way, both on ac¬ 
count of tkc great disproportion between |ha weight of 
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the ball and powder, and the unequal res.stance of the it with vinegar, water, urine, or brandy; th.v then i.,u 
air; not to mention that it is too tedious to prove large it fine, silt it, and i., eve y pound of powder .add anounce 

quantities of powder in this way; for, “if each band of or an ounce and a half, or two ounces (accordin- as it 
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powder was to be proved in lhi» manner, the trouble ot 
charging the mortar, and bringing back the bull each 
time, would he intolerable, and the delay bu great, that 
no bUbinesN of this kind could ever be finished ; and if a 
number ol burreKaic received on the merit of a few, it is 
groat odds, but some bad emes would bo among them, 
which may prove a great disappointenent in lime of scr- 
rice. 1 hose exceptions do noways hold/^ coiuinuc«» 
Mr, Uobins, “against the method by which J have tried 
the Com para live strength of dilTerenc kinds of powder, 
which has been by the actual velocity given to a bullet, 
by such a quant tty ot powder as is usually csleemccl a 
proper charge for the piece ; and as this velocity, how¬ 
ever great, is easily discovered by the motion which the 
pcndnluiu acquires from the stroke of the bullet, it might 
sccm agoodameiuiment to the method used by the French 
(viz, that of the small mortar above-mentioned) to intro¬ 
duce this trial by the pendulum instead of it* But thougli 
1 am satished, that this would be much more accurate, 
less laborious, und readier than the other, yet, as there is 
some little attention and caution required in this practice, 
which might n'uder it of less dispatch than might be con¬ 
venient, when a great number of barrels wore to be sepa¬ 
rately tried, I should mysidf choose to practise another 
inclhod not less certain, but prodigiously expedi¬ 
tious; so that I could engage, that the wcighiiifBut of a 
small parcel of powder from each barrel should be the 
greatest part of the labour; and doubtless three or four 
liands could, by this means, examine 500 barrels in a 
morning : besides, the machines for this purpose, as they 
might be made of cast-iron, would be so very cheap, that 
they might be multiplied at pleasure.” Uobiiis, page 123. 
It is not certainly known what might be the particular 
construction of the cproiivclte here hinted at, but it was 
probably a piece of ordnance suspended like a pendu- 
luro ,^ he ha<l made several experiments with a barrel in 
that i^nncr. Be this however as it may, several persons, 
from t^se Wcas and experiments of Mr. Ilobins, have 
made Cproiivcttes on this prjriciplc, which appears to be 
the best of any ; and on this idea also I have lately made 
a machine for this purpose, which has several peculiar 
contrivances, and advantages over all others, both in the 
nature of its motion, and the divisions on its arc, &c. It 
is a small cannon, the bore of which is about one inch in 
diameter, and is usually charged with 2 ounces of pow¬ 
der, and with powder only, as a ball is not necessary, and 
the strength of the powder is accurately shown by the arc 
of the gun’s recoil, 'Fhc whole machine is so simple, cosy, 
and expeditious, that, as Mr. Robins observed above, the 
weighing of the powder is the chief part of the trouble ; 
and so accurate and uniform, Chat the successive repeti¬ 
tions or firings with the same quantity of the same kind 
of powder, seldom gave a diflcrcncc in the recoil of the 
100th par^of itself. See the construction and use of this 
eprouvelte in my Tracts, vol. 3, tract 35. 

To recover damaged Powder. The method of the pow¬ 
der merchants is this: they put part of the powder on a 
sail-cloth, to which Ihey^add an equal weight of what is 
really good then with a shovel they mingle it wcU toge¬ 
ther, dry it in the sun, and barrel it up, keeping it in a 
dry and proper place. 

Others again> if it be very bad, restore it by moistening 


decayed), of inellrd uitrc ; and afo ruards^ these iih^redi- 
cuts are to be moistened und udl misud, m> that nothin^ 
may be discerned in ihc compri.iiion, uhich may bo 

known by ciitUng the piass, uiul the n ibcy gruntdaie it as 
useful. 

In case tlie poiviler he (juit.’ spnilcd, the only nay is to 
extract the saltpetre nilli water, ii> tin- UMial nay, hy 
boiling, tiltruliiig,evaporating,and ervsialli/ji,g; utid then, 
«itli Iresh sulphur and charcoal, to inake it 'jp ag.un. 

Oil the subject of gunpowder, sev also Kulei on fto- 
bms’s Gunnery, Antoni ICxainen de la I'oudr., IJaume’s 
Chemistry, .and Thompson’s txperiments in the Philos. 
Trans, for 1751. 

GUNTKK (Kd-mund), an excellent English math.- 
maliciau, was born in Hertfordshire in loSl. lie was 
educated at \V< stminster-school under Dr. Ilusby, and 
from thence was electe«l to Christ-church college, Oxford, 
‘0 159.9, where he took the degree of musier'of arts in 
10’06, and afterwards entered into holy orders; and in 
1615 he took the degree of bachelor of divinity. But be¬ 
ing particularly distinguished for bis muihematical ta¬ 
lents, when Mr. Williams resigned the proli svirship of 
astronomy in Gresham-college, London, Mr. Gunter was 
chosen to succeed him, the 6lh of Mnich, I619 ; wbeic 
he greatly distinguished himself by his lectures and wri¬ 
tings, and where he died in 16‘26, at only 45 years of ago, 
to the great loss of the matheinalical world. ' 

Mr. Gunter was the author of many useful works and 
inventions. About the year j 6'06, he merited the title of 
an inventor, by the new projection of his Sector, which he 
then described in a Latin treatise, not printed liowevcr till 
some time afterwards.—In lOl.S he had invented a small 
portable quadrant, for the mure readily finding the hour 
and azimuth, and other useful purposes in astronomy.— 
And in 1620 or 1623, he pulilished his Canon Triangu- 
lorum, or Table of Artificial Sines and I’angcnts, to tho 
radius, 10,000,000 parts, to every minute of the quad¬ 
rant, being the first tables of this kind published; together 
with the first 1000 of Briggs's logarithms of common num¬ 
bers, syhich were in later editions extended to 10,000 nuni- 
bcR.—In 1622, he discovered,by experiment made at Dept- 
fiird, the variation or changeable declination of the mag¬ 
netic needle; his experiment showing that the declination 
had varied 5 degrees in the space of 42 years; and the 
same was confirmed und established by his successor Mr. 
Gcljibrand.—He applied the logarithms of numbers, and 
of sines and tangents, to straight lines drawn on a scaleor 
ruler; with which, proportions in common numbers and 
trigonometry were resolved, by the mere application of a 
pair of compasses; a method founded on this property, 
thnt the logarithms of the terms of equal ratios are cqui- 
different. This was called Gunter's Proportion,and Gun¬ 
ter's Line; and the instrument, in the form’of a two-foot 
scale, is still in common use lor navigation and otherpur- 
poscs, and is commonly called the Gunter. He also 
greatly improved the sector and other instruments, for tho 
same UK'S; the description ufall which be published in 
1624.—He introduced the common measuring chain, now 
Constantly used in land-surveying, which is thence called 
Guntci^s chain.—Mr. Gunter drew the lines on tho dials 
ill Whitcball-garden, und wrote the description and use 
of them, by the direction of Prince Charles^ ip a sraulL 
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tract; whicli ho afterwards printed at the desire of King 
James, in KiJK—lie was the first who used the word co¬ 
sine, tor the snie of the complement of an arc. Me al^o 
iturudtired the use of arithmetical coui|demcn(s into the 
logaiieluniciil niillimclic, as is '\itm>sed by cap. 

\ 5 ^ Arillu Log. Ami it has been said that ho fii*st started 
the jcha<d*the Loi;inilhmic Curve, whicli was so called, 
be cause the seginentx ut Us axis are the logarithms of the 
corrc'^poruliiig (•rtlinales. 

Ills works liave been collected, and various editions of 
tlu’in have been published; ttie 3lh is by Mr. Willinm 
Leybournc, ifi l()73, containing the Description and Use 
of the Sector, Cross-stali, liow, (iuHilrant, hikI other in¬ 
struments; with soxeial pieces added by Samuo! Tuster, 
Henry IVnuUaiul W illiam Leyliournc. 

tJt^N TLii's Chain, the chain in coininon u>e for mea¬ 
suring land, acc<irding to Hue or statute mcjisurc ; so 
called from Mr. Ciunter ii> rcpuied inventor. TJic length 
of the cliain is (iG feet, or 22 yards, or 4 poh s of 5{ yanls 
each; and it is divided into 100 links of 71)2 inches each. 
This chain is the most convenient of any instrument for 
measuring laml, because the contentv thence computed arc 
so easily reduceil to acres. 'Ihe reason of which is, that 
an acre of land is just equal to 10 square chains, or 10 
chains in length and 1 in breadth, or etjual to 100,000 
square links. Hence, the dimensions being taken in chains, 
and multiplied together, it gives the content in square 
chains; which therefore being divided by 10 , or a ligua' 
cut ofl* for decimals, brings the content to acres; after 
which the <!ecin)als arc reduced to rooils and perches, by 
multiplying by 4 and 40. But tlic belter way is to set the 
dimensions down in links as integers, considering each 
chain as 100 links; then, having multiplied the dimen* 
sions together, producing square links, divide these by 
100 , 000 , that is, cut off five places for decimals, the rest 
aro acres, and the decimals ate reduced to roods and 
perches, as before. 

Erumple. Suppose in measuring a rectangular piece of 
ground, its length he 75)^ links, 
and Its breadth 4S0 links. 

636*00 

3180 

Ac. 3'8lOOO 
4 

Ro. 3-26*4 
40 

Per. io ;)6u_ 

So the content is 3 ac. 3 roods 10 perches* 

GuNTKa's Like, a Logarithmic line, usually graduated 
upon scales, sectors, See ; and so called from its inventor 
Mr. Gunter. This is otherwise called the line of lines, or 
line of numbers, and consists of the logarithms transferred 
upon a rulc^ &c, from the tables, by means of a scale of 
equal parts, which therefore serves to resolve problems in- 
sirumentally, in the same manner os logarithms do arith« 
mctically. For, whereas logarithms resolve proportions, 
or perform multiplication and division, by only addition 
ami subtraction, the same arc performed on this line by 
turning a pair of compasses over this way or that, or by 
sliding one slip of wood by the side of another, &c« 

A line of this description has been contrived various 
ways, for the advantage of having it as long as possible. 
As^ first, on the two feet ruler or scale, by Gunter. Then, 


in 1627 the logarithms were drawn by Wingate, on two 
separate rulers, sliding against each other, to save the use 
of compasses in resolving proportions. They were also in 
1627 applied to concentric circles by Oughtted. Then 
in a spiral forru by Mr. Milburnc of Yorkshire, about the 
year l650. Also, in l657, on the present common sliding 
rule, by Seth Partridge. 

Lastly', Mr. William Nicholson has proposed another 
disposition of them, on concentric circle's, in the Philos. 
Trans, an. 1787, pa. 251. liis instrument is equivalent to 
a straight rule of 28{ inches Jong. It consists of thret* 
concentric circles, engraved and graduated on a plate of 
about 1| inch in diam<*tcr. From' the centre proceed two 
less, having right-lined edges in (he direction of radii; 
which arc moveable cither singly, or together. To uk* this 
instrument; place the edge of one leg at the antecedent 
of any proportion, and (he other at the consequent, and 
fix tlicm to that angle: the two legs being then moved to* 
gether, and the antecedent leg placed at any other num¬ 
ber, the other leg gives its consequent in the like position 
or situation on the lines. 

The whole length of the line is divided into two equal 
intervals, or nidii, of 9 larger divisions in each radius, 
which arc numbered from 1 to 10, the 1 standing at the 
the begining of the line, because the logarithm of 1 is 0, 
and the 10 at the end of each radius; uUocach of these 
9 spad'd is subdivided into 10 other parts, yncnual ac« 
cording to the logarithms of numbers; the smaller divi* 
sions b^lg always lOths of the larger; thus, if the targe 
divisions bn units or ones, the smaller are tenth-parb; if 
the larger be tens, the smaller arc ones; and if the larger 
be 100*5, the smaller are lO's; See, 

Uu of Guniei^s Line. 1. To find the product qf iw num- 
bers. Extend the compasses from 1 to either of the num¬ 
bers, and that extent will reach the same way from the 
other number to the product. Thus, to multiply 7 and 5 
together; extend the compasses from 1 to 5* and that ex* 
tent will rt'ach from 7 to 35, the product. 

2. 7b divide one number by another. Extend com¬ 
passes from the divisor to 1, and that extent wiff reach 
the same way from the dividend to the quotient. Ahus, to 
divide 35 by 5; extend the compasses from 5 to 1, and 
that extent will reach from 35 to 7. which is the ouotienU 

3. 7b find a *th proportional to three given numbert ; os 
suppose to 6, 9, and 10. Extend from 0 to 9, and that 
extent will reach from 10 to 15, which is the 4th propor¬ 
tional sought. In like manner, a 3d proportional is found 
to two given terms, extending from the 1st to the 2d,and 

then from the 2d to the 3d. • 

4. Tb find a mean proportional between two given numbers^ 

as suppose between 7 and 28 Extend from 7 to 28, and 
bisect that extent; then its half will reach from 7JoTVfarit 
or from 28 backward, to 14, the mean proportional 
tween them.—Also,toexlmct the squart'root, os of 25,which 
it only finding a mean proportional bt'tween 1 and the given 
square 25, bisect the distance between 1 and 25, and the 
half will reach from 1 to 5, the rootsoughi.—In like man¬ 
ner the cube or 5d root, or the 4th, 5th, or any higher 
root, is found, by taking the extent between 1 and the 
given power j then take such part of it as is denoted by 
the Index of the root, via, the 3d part for the cube root, 
tbe 4th part for the 4th root, and so on, and that part 
will reach from 1 to the root sought , . 

If the line on the scale or ruler have a slider, this is to 
be used instead of the compasses* 
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Gumteu's Quadrant, is a quadrant roadc^of wood, 
brass, or some olbcr substance; being a kind of sterco- 
graphic projection on tUe plane of the equinoctial, tlic eye 
being supposed in one of the poles: so tliat the tropic, 
ecliptic, and horizon, form the arches of circles, but the 
hour circles other curves, drawn by means of several alii- 
tudes of the sun, for some particular latitude every day 
in the ywv. 

The use of this instrument, is to find the hour of the 
the day, the sun s azimuth, &c, and otlicr common pro¬ 
blems of the sphere or globe; as also to take the ahilude 
of an object in degrees. See Quadrant. 

Gukter s Sc a le, usually called b^ seamen The Gunter, 
isa large plain scale, having various lines ujmnit of groat 
use in working the cases or questions in Navigation. This 
scale is usually 2 feet long, and about an inch and a half 
broad, with various lines upon it, both natural and loga¬ 
rithmic, relating to trigonometry, aj)d navigation, &c. 

On the one side are the natural lines, and on (he other 
the artificial or logarithmic ones* 1*hc former side is first 
divided into inches and tenths, and numbered from I to 
^24 inches, running the whole length neor one edge. One 
half the length of this side consists of two plane diagonal 
scales, lor taking ofl dimensions to three places of figures. 
On the other 1mlI or fool of this dde,aro contained various 
lines relating lo trigonometry, in the natural numbers, and 
marked thus, viz, 

Itumb^ the rumbs or points of the compass, 

Chord, the lino of chords, 

Sine^ the line of sines, 

Tong, the tangents, 

S. T, the semitangents, 
and at the other end of this half are 
leagues, or equal parts, 

Rumb* another line of rumbs. 
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XXADLEY (John), a distinguished member of ihcRoyal 
Society, was elected a fellow in 1717, and died Feb. 
15, 1744. He contributed many useful papers to the 
Royal Society, which are contained in their Trans, from 
vol. 32 to vol. 3^ inclusive. But he has been chiefiy cele- 
Mated for the invention of his rcfiecting instrument for 
iakingangle.s, commonly called the Iladlcy^s Quadrant or 
Sextant, ottered lo the Royal Society in 1731, by which 
his name has been rendered immortal. 

Hadlees Siuadrant, Scuant, Ac, an excellent instru¬ 
ment so Called from its inventor John Hadley, esq. See 
Its description and use under the article Quadrant. 

HAIL, or Hailstones, anuqueousconcretion, usually 
m form ol white or pellucid .spherules, descending out of 
the atmosphere# HaiUitones assume various shapes, being 
sometiinrs round, at other times pyraniidul, crenated, an¬ 
gular, thin, and flat, and sometimes stellated, with six 
radii like the small crystals of snow. 

It is very difficult to accouutfor the phenomena of hail 
in a Mtisfaciory manner; and there are various opinions 
on this bead. It is usually conceived that bail is formed 
of drops of raiOi frozen in tbeir passage through the mid- 
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M. L. miles of longitude, 

C/ior. another line of chords. 

Also in the middle of this foot arc L. and P. two other 
lines of equal parts. And all these lines, on (his side of 
the scale, serve for drawing or laying down the fi^’urcs to 
the cases ill trigonomeiry aud njivigaiion. 

On the other side of the scale arc the following arlifi- 
cial or Ifjgarithmic lines, which serve for working or re¬ 
solving those ; viz, 

S. R, the sine rumbs, 

7# R. the tangent rumbs, 

Numb, line of numbers, 

SinCy .Sines, 

V. S. the versed sines, 

Tang, the tangents, 

Mcri, Meridional parts, 

P^ Equal parts. 

The late Mr. John Robertson, clerk and librarian to 
Ihe Royal Society, greatly improved this scale, both as to 
size and accuracy, lor the use of mariners. He extended 
it to 30 inches long, 2 inches broad, and half an itJth 
thick; upon which the several lint's are very accurately 
laid down by Messrs.. Nainie and Blunt, ingenious instru¬ 
ment iiiiikcrs. Mr. Robertson died belore his improved 
scales wore published ; but the account and description of 
them Were supplied ond drown up by his friend Mr. Wil¬ 
liam Mountaine, and published in 1778. 

GU n JE, or Drops, in Architecture, are ornaments in 
form of little bells or cones, used in the Doric order, on 
the architrave, below the tryglyphs. There are usually 
six ofihem. 

«GYMNOSOPHISTS, a set of Indian philosophers, fa- 
mousin antiquity; so denominated from their going bare¬ 
foot ; as that of Peripatetics was given to those who phi¬ 
losophized walking. 
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die region. Others, as the Cartesians, take it for the 
fragments of a frozen cloud, half melted, and thus preci¬ 
pitated and congealed again. Signor Bcccuria supposes, 
that it is formed in the higher regions of-tlie uir, where 
the cold is intense, and where the electric mnltcr is very 
copious. In these circumstances, ugreat nutnberofpar¬ 
ticles of water arc .brought near together, where they are 
frozen, and in their descent they collect other particles ; 
so that the density of the substance of the huilsCoiiu be¬ 
comes less and less, from the centre ; this being fumed 
first in the higher regions, and'lhe surface being collecieil 
in the lower. Accordingly, in mountains, hinlstoiics as 
well ns drops of rain, are very small; and both agn;^ in 
this circumstance, that the more intense the electricity is 
that forms them, the larger they are. It is frequently ob-' 
seiwed that hail attends thunder and lightning ; and hence 
Beccaria observes, that as motion promotes freezing, so 
the rapid motion of the electrified clouds may promote 
that effect in the air. Natural histories furnish ps with 
u great variety of curious instances of extraordinary show¬ 
ers of hail. See the Philos. Trans. No. 203, 225; and 
Hist, de France, tom. 2, pa. 33 
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IIALF^Moox, in Kurufication, i$ an outwork having l 
only two rac<s, forming logctlicr a saliant angle, which is ] 
llacikcd by some part of the place, and of the other has- i 
lions. Sec Dvmii.unk and IIavkmn. i 

H A lk-'I'anofkts, arc the tangents of ihc half arcs. * 
See Sc ALL and Skmita noents. ' 

IlALLfA' (Dr. Ill)MUNI)), a mo.st eminent English i 
mathematician, philosopher and :uslronomcr, was horn in 
the j)aribli of Si, lAMnarci, Shoreditch, near London, Oct. 
29, 1650 *. His father, a wealthy citizen and soap-boiler, 
resolving to improve the |)roinising di^posllion observed 
in Ins son, ptil him flr^t to Si. PatiTs school, where he 
soon excelled in all parts of classical learning, and made 
besides a con'^iderable advance in the mathematics; so 
that, us Wood observes, he had perfectly li*arnl the tisc 
of the celest'al globe, and could make a complete dial ; 
and we aic inlunncd by Halley liiinself, that he observed 
the change of the sarintion of the magnetic needle at Loti' 
don in 1072, one year before he left school. In 1(»73 he 
was was sent to Oxford, where he chielly applied himMlf 
to mathematics and astronomy, in which ho was greatly 
assisto<l by a curious apparatus of instruments, svhich his 
father, willing toencourage his son’s genius, had purchased 
for him. Ally years of age be begun to oblige the world 
with now observations and discoveries (which he continued 
to do to the end of a very long life), by publishing A 
DireclandGroinctrical hlethod of finding the Aphcliaand 
Kxccntricity of the planets/’ Besides various particular 
observations, imulc from time to time on the celestial phe* 
nomcna ; he had, from his first admission into college, 
pursued a general scheme for ascertaining the true places 
oftlic fixed stars, and by this means to correct the errors 
of'l'ycho Brahe. Mis original view in this was, to carry 
on the design of that liist restorer of astronomy, by cum* 
pleting the catalogue of those stars from his own observa* 
tions ; but, on further in(|uiry, finding this province taken 
up by lievelius and Fiamstoed, he dropped that pursuit, 
and formed another ; which wus, to perfect the whole 
scheme of the hi nvens, by the addition of the stars which 
lie so near the south pole, that they could not bo observed 
by those astronomers, ns never rising above the hori/cm 
either at Dantzick or at Greenwich. With this intention 
he left the Univci^ity, bi'fore ho hud taken any degree, 
and embarked for tlic island of St. Helena in Nov, 
when lie was only 20 years of age, and arrived thereafter 
H voyage of three months. He immcdiRlely set about his 
task with such diligence, that he completed his catalogue, 
and, returning home, landed in England in Nov. 
after lui absence of two years only. The university of Ox* 
ford immediately conferred upon him the degree of a. 
an<l the Royal Society of Loiulon elected him one of their 
memhers. 

In l(}79 tvtts selected by the Royal Society to goto 
Dantzick, to endeavour to adjust a dispute between Me* 
vclius uiid Mr. Hooke, concerning iho preference between 
plain and glass sights, in astroscopical instruments. He 
arrived ut Daiitzick tho 26th of May, when he immedi* 
atcly, in conjunction with Hevclius, set about their oslro* 
nomical observations, which they closely continued till 
the 18ih of July, when Halley loft Dantzick, and returned 
to England* 

In the year 168 O he undertook what is called the grand 
tour, accompanied by his friend the celebrated Mr. Ncl* 
son. In the way from Calais to Paris, Mr« Halley had a 
ai^ht of a remarkable cometi as it theu appeared a second 
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g time thaL year, in its return from the sun. He htd, the 
IS November before, seen it in its descent: and he now hasten* 
cd to complete his observations upon it, by viewing it from 
the royal observatory of France. His desizn in this part 
5, of his tour was, to settle a friendly cor ^r^plindence between 
the two royal astronomers of Greenwich and Paris ; and 
h in the mean time to improve himself under so great a mas* 
in ter as Cassini. From thence he went to Italy, where ho 
t. spent a great part of the year 1681 ; but his uffaire calling 
r, him home, he then returned to Enk^land* 

^d Soon after his return, he married tho daughter of Mr. 
le Tooke, auditor of the exchequer, and took up bis rai* 
le <lencc ut Islington, where he set up his lube and sextant, 
vo and eagerly pursued his favouTitc study : in the society of 
sc this amiable lady he lived happily for fivc-and-ftfiy years. 

I ; In iGSJ he published his Theory ot the variation of the 
rd Magiictical Compass; in which he suppost's the whole 
n* globe of the earth to be one great magnet, having four 
he mugnctical poles, or points of aitracliun, &c. The same 
Af year also he entered upon a now method of finding the 
ly longitude, by an accurate observation of the moon’s mo* 
lis tion. His pursuits it seems were now a little interrupted 
ed by the death of his father, who having sufl'ered greatly by 
Id the fire of London, ns well as by a second marriage, into 
eJ which he had imprudently entered, was found to have 
A wasted his fortune. Our author however soon resumed 
nd his pursuits; for in the beginning of l6S4 he turned hb 
lar thoughts to the subject of Kepler’s se$qui*altcrate pro* 
portion; when, after some meditation, he concluded from 
;c, it, that the centripetal force must decrease in proportion 
CCS ' to tho square of the distance reciprocally. He found 
>rs himself unable to make it out in any geometrical way, 
rry and therefore, after applying in vain for assistance to D. 
m* Hooke and Sir Christopher Wren, he went to Cambridge 
to Mr. Newton, who fully supplied him with what he 
.cn so ardently sought. But Halley having now found an 
jit, immense treasure in Newton, could not n.*st, till he 
ole had prevailed with the owner to enrich the public with 
ich it; and to this interview the world is in some measure in* 
^ed debted for the Prinetpia Mathematica Philosophise Ntx 
cem turalis. Tiiat great work was published in l686;and 
ion Halley, who had the whole care* of the impression, pre- 
cc, fixed to it a discourse of his own,giving a general account 
76 , of tho iistronomical part of the book ; and also on elegant 
fter copy of verses in I^tin. 

his in 1687 he undertook to explain the cause of a natu* 
;uc, ral phenomenon, which had till then baffled the researches 
78, of the ablest geographers. It is observed ihut the MedU 
.)x* terrancan sea never swells in the least, though there 
. M. visible discharge of the prodigious quantity of water that 
)cir runs Into it from nine large rivers, besides-several smill 
ones, and the constant setting in of the current at tho 
r> to mouth of the Straits. His solution of this difficulty 
He* gave so much satisfaction to the R. Society, that he was 
een requested to prosecute these enquiries. He did so; and 
He having shown, by many accurate experiments, how that 
edi- vast accession of water was actually carried offin vapours, 
(ro* raised by the action of the sun and wind upon its surface, 
till ho proceeded with tho like success to point out the me* 
nod thod used by nature to return the said vapours into the 
sea. This circulation he supposes to be carried on by 
and the winds driving ibeso vapours to the mountains; where 
4cl* being collected, they form springs; which uniting becorne 
ad a rivulets or brooks, and many of these again tneeiiog in 
tond tho valleys, groxv into laigc rivers^ emptying themselves at 
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last kito^thc seA : thus dcmousirating, in the most beauti¬ 
ful aod satislkctory manner, the way in whicli the equili¬ 
brium of receipt and expense is continually preserved iu 
the muvcrsal ocean# 

He next ranged in the field of speculative goo mot ry, 
where, observing some imporfoctions in the methods be¬ 
fore given for constructing solid problems, or equations of 
the 3d and 4th powers, he furnished new rules, which were 
both more easy and more elegant than any of the former; 
together with* a new method of finding the number of roots 
of such equations, and the limits of the same. Mr. Halley 
next undertook to publish u more correct Ephemeris for 
the year l6S8, there being then great want of proper 
epbemerides of any tolerable exactness, tlic common ones 
being justly complained of by Mr. Flamsteed#—In loyi 
he published exact tables of the conjunctions of V*enus 
and Mercury; and he afterwards showed one extraordi¬ 
nary use to be made of those tables, viz, for discovering 
the suns parallax, and thence the true distance of the 
earth from the sun#—In our author produced his 

taj>lt‘S for showing the value of annuities on lives, calcu¬ 
lated from bills of mortality; and bis universal theorem 
for finding the foci of optic glosses. 

But it would be endless to enumerate all his valuable 
discoveries now communicated to the Royal Society, and 
published in the Fhilos# Trans, of which, for many years, 
his pieces were the chief ornament and support. Their 
various merit is thrown into one view by the writer of his 
doge in the Paris Memoirs; who, having mentioned his 
History of the Trade-winds and Monsoons, proceeds in 
these terms: ^^This was immediately followed by his esti¬ 
mation of thi^ quantity of vapours which the sun raises 
from the sea; the circulation of vapoars; the origin of 
fountains; quc*stions on the nature of light and transpa¬ 
rent bodies; a determination uf the degrees of mortality, 
in order to adjust the valuation of annuities on lives; and 
many other works in the sciences, relating to astronomy, 
geometry, and algebra, optics an<l dioptrics, ballistics and 
artillery, speculative and experimental philosophy, natu¬ 
ral history, antiquities, philology, nud criticism; being 
about 25 or 30 dissertations, which be produced during 
the 9 cir 10 years of his residence at London; and aU 
abounding with ideas new, singular, and useful/^ 

In l691|thc Savilliaii professorship of astronomy atOx- 
ford being vacant, he applied for that office, but without 
success# Whiston, in the Memoirs of his own Life, tells 
us from Dr. Bentley, that Halley ** being thought of for 
successor to the mathematical chair at Oxford, bishop 
Stilliogfleci was desired to recommend him at court; but 
hearing that he was a sceptioand a bantcrer of religion, 
the bishop scrupled to be concerned, till his chaplain 
Bcotlcy should confer with him on the subject, which be 
did. But Halley was so sincere in his infidelity, that be 
would not so much as pretend to believe the Christian re¬ 
ligion, though he was likely to lose a professorship: and 
it was in consequence given to Dr. David Gregory.^' 

HuUey bad published bis Theory of the Variation of 
the Mognetical Compass, as has been already observed, in 
1683; which, though it was well received both at home 
and abroad, he found, upon a review, liable to great and 
insuperable objections. Tet the phenomena of the varia^ 
tion of tbcnc<^le, upon which it is raised, bcing*so many 
certain and indisputable facts, he spared no pains to pos¬ 
sess himself of all the observations relating to it he could 
possibly come aU To this end he^procured an appUca- 
Vot. L 
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tiun u>Ik‘ made to King William, who appointed Inm c >ni- 
mundvr o1 tin- Paramour pink, with urciers to search lait 
b^ observations ihe dibco\cry of the rule of variaiioh>, und 
to laydown the longjtuJcH ajul latiriidcs of (he EnL'U>li 
seukmernb m America.—He set out on (iiib aiierjqi^ 
the 24tb of November, 10*98; bur Ioimi;-< r.ir.eu the Iji.i , 
his men grew sickly, and his f^^l•lM•uu n.u.t niuUhvih;:, 
he iLtufiied to England m June Ha>ing the 

lieutenant tried and cashiered, he M l sad n second lime in 
.Skpmmher following, with the saitK ^hip, and uiKither of 
less bulk, of which be had also ilu coi.imand. He nu\s 
tiascrsed the vast Atlantic ocean from one heu.jspheie lo 
the Ollier, *as far as the ice would permit lum to ; and 
having made his observations at Si. Helena, lira/d, ( ape 
\ erde, Barhudoes, the iMadeirus, the Canaries, the coast 
ul Baihary, and many other laiiiu<les, he arrived in Km- 
land in September J700; and the next year published a 
'general chan, showing at one view the variation ol the 
Compass in all (hose places. 

Captain Halley, as he was now called, hud been at home 
little more than half a year, when be was sent by thekjn<», 
to obwn ve the course of the tides, wiili ihc longitude mul 
latitude ot the principal head-lands in the British chan¬ 
nel; which having executed with his usual cxpedilioa 
and accuracy, he published h large map of the channel. 
Soon alter, the Emperor of Germany resolving to make a 
convenient harbour for shipping in the Adriatic, Captain 
Hatley was sent by Queen Anne to view the two ports on 
the coast of Dalmatia. He embarked on the 22d of No¬ 
vember 1702 ; passed over to Holland; and going through 
Germany to Vienna, be proceeded to Istriu; but ihe 
Dutch opposing the design, it was laid aside ; yet the em¬ 
peror made him u present of u rich diamond ring from his 
finger, and honoured him with a letter of recoinsncndation, 
wriaen with his own hand, to Queen Anne# It was not 
long alter his return that be was sent again on the same 
business; when passing through lianovcrj be supped with 
the Electoral Prince, who was afterwards King George 
the 1st, and his sister the queen uf Prussia. Un his ar¬ 
rival at Vienna, he had likewise the honour the same 
evening to be piesented to the emjicror, who .sent his chief 
engineer to attend him to Istria, where they repaired the 
fortifications of Trieste, and added new ones. 

Mr. Halley returned to England in November 1703; 
and the same year he was mode professor of geometry in 
the university of Oxford, instead of Dr. Wallis, then just 
deceased. On his accession to this olfice the university 
was pleased to honour him with the degree of doctor of 
laws# He was scarcely settled in Oxford, when he U^au 
to translate into Latin, from the Arabic, Apollonius de 
Scctione Rationis; and to restore the two books De Sec- 
tjoue Spaiii of the same author, which are lost, from the 
account given of them by Pappus ; and he published tho 
whole work in 1706. He afterwards had a share in pre¬ 
paring fur the press Apollonius's Conics; and ventured to 
supply the whole 8th book, the original of whicli is also 
lost. To this work he added Serepus on the Section of 
the Cylinder and Cone, printed from the original Greek, 
with a Latin translation, and published the whole in folio 
1710 . Besides these, the Miscellanea Curiosa, in S vo¬ 
lumes 8 v 0 t had come out under bis direction in 1708. 

In 171 s, he succeeded Doctor, afterwards Sir, Huns 
Sloane, in the office of secretary to the Royal Society. 
And, on the dc^h of Mr. Flamsteed in 1715> he was ap¬ 
pointed to succeed him at Greenwich as astronomer-royal; 
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on nliicli occasion, that he might be more at leisure to 
Httcnd the duties of this important situation, he nsigned 
the olTicc of secretary to the Royal Society in 1721. 
'i'lifiioli he was 63 or 64 years of age when he entered 
on lu> ofhee at Greenwich, yet for the space of 18 ye-ars 
)ie \v,irclie<l ilic heavens with the closest attention, hardly 
< \i r n iisuig- an observation during all that tinte, and, 
williovil any assistant, performed the whole business of 
the observatory him'-elf. 

On the acccssti>n of the late king, tlio queen consort 
Caroline made a visit to the Royal Observatory : being 
pleased with every thing she saw, and understanding the 
smallness of the astronomer’s salary (100/. a year), her 
majesty very graciously said that she would speak to the 
king to have it increased; to whicli Dr. llnllcy, alarmed, 
replied, “ Pray your majesty do no such thing; for 
should the salary be increased, it might become an object 
of ciuuluinent to place there some uti<|unlified needy de¬ 
pendent, to the ruin of the institution.’' However, un¬ 
derstanding that the Dr. had formerly served the crown 
as a captain in the navy, she soon after obtained a grant 
of his half-pay for that commission, which he accordingly 
enjoyed from that time during his life. An ofl'er was also 
made him of being appointed mathematical preceptor to 
the Duke of Cumberland; but he declined that honour, 
on account of his advanced age, and the duties of his 
office. In 1729 he was chosen a foreign member of the 
Aaidemy of Sciences at Paris. 

About 1737 he was seized with a paralytic disorder in 
his right hand, which, it is said, was the first attack he ever 
felt on bis constitution: however, be came as usual ohcc 
n week, till within a very short time of his death, to meet 
his friends in town on Thursdays, the day of the Royal 
Society's meeting, at what is still called Dr.Halley's club. 
Ills paralytical disorder increasing, his strength gradually 
wore away, till be expired Jan. 14, 1742, in the 86th year 
of his age; and his corps was interred in the church-yard 
of Lee near Blackheath. 

Besides the works before mentioned, his principal pub¬ 
lications arc, t. Caialogus Stcllarum Australium. 2 . Ta- 
bulaj Astronomic®. 3. The Astronomy of Comets, 
With a great multitude of papers in the Philos. Trans.. 
from Tol. 11 to vol. 60. 

HALIFAX (John). Sec Holywood. 

HALO, or Corona, a coloured circle appearing round 
the body of the sun, moon, or the larger stars. 

Naturalists conceive the halo to arise from a refraction 
of the rays of light, in passing through the fine rare vcsicu- 
1® of a thin vapour, towards the top of the atmosphere. 

Descartes observes, that the halo never appears when it 
raim; whence he concludes that this phenomenon is occa¬ 
sioned by the refraction of light in the round particles of 
ice, which arc then floating in the atmosphere; and to ' 
the dillcrent protuberance of these particles he ascribes 
the variation in the diameter of the halo. Gassendi sup¬ 
poses, that a halo is occasioned in the same manner os the 
rainbow ; the rays of light being, in both cases, twice re¬ 
fracted and once reflected within each drop of rain or va¬ 
pour, and that the diflercncc between them arises entirely 
from their diflerent situation with respect to the observer. 
Dccbalcs also endeavoured to show that the generation 
of the halo is similar to that of the rainbow; and that the 
reason why the colours of the halo arc more dilute than 
those of the rainbow, is owing chiefly to their being form¬ 
ed, not in largo drops of rain, but in very small vapour. 


But the most considerable and generally received theory, 
relating to the generation of halos, is that of Huygens. 
'I'his celebrated author supposes halos, or circles round 
the sun, to be formed by small round grains of hail, com¬ 
posed of two different parts, the one of which is transpa¬ 
rent, inclosing the other, which is opaque: And this is 
the general structure actually observed in hail. He far¬ 
ther supposes that the grains or globules, that form these 
halos, consisted at first of soft snow, and that they have 
bcun rounded by a continual agitation in the air, and 
thawed on their outside by the heat of the sun, &c. And 
he illustrates his ideas of their formaUon by geometrical 
figures. 

Mr. Wcidler endeavours to refute Huygens’s manner of 
accounting for halos, by a vast number of small vapours, 
each with a snowy nucleus, coated round with a transpa¬ 
rent covering. He observes, that when the sun paints its 
image in the atmosphere, and by the force of its rays puls 
the vapours in motion, and drives them toward the sur¬ 
face, till they are collected in such a quantity, and at 
such a distance from the sun on each side, that its rays 
'are twice refracted, and twice reflected, they will when 
they reach the eye exhibit the appearance of a halo,adorned 
with the colours of the rainbow; which may happen in 
globular pellucid vapours without snowy nuclei, as ap¬ 
pears by the experiment of hollow glass spheres filled with 
water: therefore, whenever those spherical vapours are 
situated as before mentioned, the infractions and reflec¬ 
tions will happen every where alike, and the figure of a 
circular crown, with the usual order of colours, will be 
the consequence. Philos. Traqs. No. 458. 

Newton’s theory of halos may be seen in hit Optics, 
pa. 155. And this curious theory was confirmed by ac¬ 
tual observation in June I692, when the author saw by 
reflection, in a vessel of stagnated water, three halos, 
crowns, or rings of colours, about the sun, like three small 
rainbows concentric to liis body. These crowns inclosed 
one another immediately, so that their colours proceeded 
in this continual order from the sun outward : blue, while, 
red ; purple, blue, green, pale yellow, and red ; pale blue, 
pale red. Crowns like these sometimes appear about the 
moon. 'Fhc more equal ihc globules of water or ice are 
to one another, the more crowns of coloun will appear, 
and the colours will be the more lively. Optics, pa. 288. 

There arc several ways of exhibiting phenomena similar 
to these. The flame of a candle, placed in the midst of 
a steam in cold weather, or set at the distance of some feet 
from a glass window that has been breathed upon, while 
the spectator is also at the distance of some feet from an¬ 
other part of the window, or |)laced behind a gloss receiver, 
when air is admitted into the vacuum within it to a cer¬ 
tain density, in each of these circumstances «dll apprarto 
be encompassed by a coloured halo. Also, a quantity of 
water being thrown up against the sun, will, as it breaks 
and disperses into drops, form a kind of halo or iris, ex¬ 
hibiting all the colours of the natural rainbow. Mos- 
schenbroek observed, that when the gltiss windomof his 
room were covered with a thin plate of ice on the inside, 
the moon seen through it was surrounded with a largo 
and variously coloured halo; which, upon opening the 
window, he found arose entirely from that thin plate of 
ice, because none was observed except through this plate. 
The same author concludes his account of coronw with 
observing, that some density' of vapour, or some thickn^ 
of the plates of icc, divides the light in its irqiwmission 
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cither through the small globules or their interstices, into 
its separate colours; but what that density is, or what the 
size of the particles which compose the vapour may be, 
hedocs not pretend to determine. Inirod. ad Phil. Nat. 
pu. 1037. 

It has often been observed that a halo about (lie sun or 
moon, docs not appear circular and concentric to the lu¬ 
minary, but oval and cxcentric, with its longest diameter 
perpendicular to the horizon, and extended from the moon 
fanlicr downward than upward. Dr. Smith akcribes tliis 
phenomenon to the apparent concave vault of the sky 
being less than a hemisphere. When the angle which tlic 
diameter of u halo subtends at the eye is 45® or 46°, and 
the bottom of the lialo is near the horizon, nnd consc- 
r|uc-nlly its apparent figure is most oval, the apparent \er- 
tical diameter is divided by the moon in the proportion of 
about 2 to 3 or 4. and is to the horizontal diameter <lrawn 
through the moon, as 4 to 3, nearly.—See farther on the 
subject of this article, Priestley’s Hist, of Discoveries re¬ 
lating to Vision, pa. 596—6l3; and Smith's Optics, art. 
167, 513, 526, 527, &c. 

HA.MtX (Joiin-Baitiste du), a very learned French 
philosopher and.4vrilcr, of the l/th century, was born in 
Lower Normandy in l6l4. At 18 years of age he pub- 
* lished a treatise, in which be explained, in a very simple 
manner, and by one or two figures, Theodosius’s 3 books 
on Spherics; to which he added a tract on trigonometry 
extremely perspicuous, and designed as an introduction 
to astronomy. He published afterwards various other 
works on astronomy and philosophy. Natural philoso¬ 
phy, as it was then taught, was only a collection of vague, 
knotty, and barren questions; when our author under¬ 
took to establish it upon right principles, and published 
his Astronomia Physica. 

In l666 M. Colbert proposed to Louis the l4th a 
scheme, which tvas approved of, for establishing a roynl 
academy of sciences; and appointed our author secretary 
of it. In 1678, his Pliilosophia Vetus et Nova was 
printed at Paris in 4 vols, 12mo; and in 168I it was en¬ 
larged and printed there in 6 vols. llamel wrote several 
other pieces; and his works in this way were collected and 
piiblisiied at Nuremberg 1081, in 4 volumes 4to, under 
the title of Opera Pbilosophica et Astronoinica. These 
were highly >*alued at that period, though the improve¬ 
ments in philosophy since that time have rendered them . 
of little or no use in the present. 

In 1697, our author resigned his place of secretary of 
the Royal Academy of Sciences; in which he was suc¬ 
ceeded by M.FontcnclIc. However, he published, in 1698, < 
Regiec Scientiarum AcadcraiaeHis(oria,4to, in four books; 
which being much approved, be afterwards augmented 
with two books more. This work contains an account of 
the foundation of the Royal Academy of Sciences, and its 
transactions, from 1666 to 1700, and is now the most 
useful of all his works. He was Regius Professor of Phi¬ 
losophy, in which oflice he was succeeded by M. Varignon, 
at bis death, which happened Aug. 6, 1706, in the 93d 
year of his age. 

HAMILTON (Dr. Huon), a very respectable ma¬ 
thematician, and philosopher, was born at Knock, in the 
county of Dublin, March S6, 1799* He entered Trinity- 
college, Dublin, in November 1742, and obtained a fel¬ 
lowship in that college Jo 1751, when ho was only 22 
ears of a^. In the year 1758, he published his wcll- 
Down and much-admired Treatise on Conic Sections; 


and (he next year was elected Krasmus Smith’s prof.-ssor 
of natural philosophy. In ilje discharse of Ins duty as 
professor, he composcil and pablishe.l four lecture* inin - 
duciory to the study of natural philosophy: and in ihe 
year 1762, he wrote three philosophic.nl e>»ass 011 tin- 
ascent of vapours, the funuaiion of clouds, rain', Arc ; on 
the nature of the auror.i borealis and the tails of comets; 
anti on the principles of mechanics. 

Dr. Hamilton resigned Ins fellonslnp in 1764, having 
accepted the living of Kilmacrean, in llie gift of the col- 
leae: in 1767, he was collated to the parish of .St. Anne's, 
Dublin, 'ibis latter preferment \\.is soon txchanoed for 
the dcaiiery of Armagh. In 1772, h.“ married ; and soon 
after puhlisiicd his essay on the existence an<l attribute* «if 
the Supreme Ih ing. In the year 1792, he made some im¬ 
portant improvements in the construction of ilie barome¬ 
ter ; unil in 179^, drew up a paper on the power of lixed 
caustic alkaline salts, to preserve the flesh of animals from 
putrefaction. All this time he continued to attend sedu¬ 
lously and conscientiously to his duties as a parish priest. 

In January 1796, be was consecrated bishop of Clonferl; 
ami about 3 years afterwards he was translated to the sec 
ol Ossury, of which lie continued bishop nearly seven 
yeuR. He died Dec. I, 1.805, in the 77lh year ofhisagc. 

The principal trait in the disposition of Bishop Hamil¬ 
ton, was unafi'ected humility; his chief intellectual ciia- 
racterisiic, a patient manner of thinking. His theory of 
the solution of water in air is now exploded, and his theory 
of the aurora borealis has yielded to that of M. Libes. 
(See Aurora Borealis). But his mechanical ess;iys may 
still be read with pleasure and ads-antage. Dr. llaniii- 
ton’s works have been lately collected and published by 
his son Alexander 11.-11(111(011. in 2 vols. 8vo; of which, 
the first contains the Latin edition of the Conic Sections. 

HANCES, Hakcii Es, or Hansm, in Architecture, are 
certain intermediate parts of arches between the key or 
crown and the spring at the bottom, being perhaps about 
one-third of the arch, und situated nearer (he bottom than 
tb6 top or crown; and arc otherwise called the spandrels. 

HANDSPIKE, or Hanspec, a lever or piece of ash, 
elm, or other strong wood, for raising by the linnd great 
weights, tcc. It is 5 or 6 feet long, cut tliin und crooked 
at the lower end, that it may be forced more readily be¬ 
tween things required to be separated, nr under any thing 
that is to be raised. It is better than a crow of iron, be- ' 
cause its length allows a belter poise. * 

HARD Bodia, arc such as arc absolutely inflexible to 
any pressure or percussion whatever: diflering from soft 
bodies, whoso parts yield and arc easily moved umono one 
another, without restoring themselves again; and from 
elastic bodies, the parts of which also yieid and give wav, 
but presently restore themselves again to their former state 
and situation. Hence, hard bodiw do not bend, or indent, 
but break. It is probable however there are no bodies in 
nature that are absolutely or perfectly either hard, soft, 
or clastic; but all possessing these quaUliee, more or less, 
in some degree. M, Bernoulli asserts that hardness, in ' 
the common sense, is absolut'‘ly impossible, being con¬ 
trary to the law of continuity. The laws of motion for 
hard bodies are the same as for soft ones, both Iwing sup¬ 
posed to adhere together on their impact. And these two* 
kinds of bodies might be comprised under the common 
name of Un-elastic. 

HARDENING, the giving a greater degree of hardness 
to bodies than they bad before. There are several ways 
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of hardening iron and sled ; os by hammering thern^ 
c|iicnc>iii)g them in cold \vatcr« &c. 

C<:f5<f*Il A a DENiNO, is a superticiu) conversion of iron 
into steel, as it ii were casing it, or covering it with a thin 
coui oi harder matter. It is thus pi‘■'formed: Take cow« 
horn or hoof, well dried in an oven, and beat it to powder; 
put equal qunntuies of this powder and of bay^alt into 
stale unne, or white-wine vinegar, and mix them well lo- 
gethc) ; cover the iron or steel with this mixture, and 
wrap Jt up in loam, or plate iron, so as the mixture may 
touch every part of the work; then put it in the fire, and 
blow the coals, till the wtiole lump has acquired a blood- 
red heat, but no higher; lastly, take it out, and quench 
it.—See Steel, under which article are described other 
processes for this purpose. 

HARDING, a small new primary planet, called also 
Juno, discovered by the astronomer ^1. Harding. 

HARDNESS, or Rigidity, that quality in bodies by 
wliich tlicir parts so colierc as not to yield inward, or give 
way to an external impulse, without instantly going be* 
yotul the distance of their mutual attraction; and there¬ 
fore are not subject to any motion in respect of each other, 
without breaking tlic body. There were many fanciful 
opinions among the ancienb, concerning the cause of hard¬ 
ness; such as heat, cold, dryness, the hooked figure of the 
particles of matter. The Cartesians make the hardness of 
bodies to consist in rest, as that of soft and Huid ones in 
the motion of their particles. 

Newton shows that the primary particles of all bodies, 
whether solid or fluid, are perfectly hard; and are not ca¬ 
pable of being broken or divided by any power in nature, 
'rhese particles, he maintains, arc connected and kept to¬ 
gether by an attractive power; and according to the cir¬ 
cumstances of this attraction, the body is cither hard, or 
soft, or even fluid. If the particulars be so disposed or 
fitted for each other, as to touch in large surfaces, the 
body will be hard; and the piorc so ais those surfaces arc 
the larger. If, on the contrary, they only touch in small 
surfaces, (he body, by the weakness of the attraction, will 
remain soft. At present, many philosophers arc of opi¬ 
nion, that hardness consists in the absence or want of the 
action of the universal fluid, or elementary fire, among 
the particles of the body, or a deficiency of what is called 
latent beat; while on the contrary, fluidity, according to 
them, consists in the motion of the particles, in conse¬ 
quence of the action of that elementary fire. 

Hardness appears to diminish the cohesion of bodies, in 
some degree, though their frangibility or brittleness does 
not by any means keep pace with their hardness. Thus, 
though glass be very hard and very brittle; yet flint is still 
harder, though less brittle. Among (he metals, these two 
properties seem to be more connected, though even here 
the connexion is by no means complete: for though steel 
be both the hardest and most brittle of all the metals; 
yet lead, which is the softest, is not the most ductile. 
Neither is hardness connected with the specific gravity of 
bodies ; for a diamond, (he hardest substance in nature, is 
little more than half the weight of the lightest metal* And 
us little is it connected with the coldness, or electrical 
properties, or any other quality tvilh which we are ac¬ 
quainted. Some bodies are rendered hard by cold, and 
others by different degrees of heat. 

Mr. Quist and others have constructed tables of the 
hardness of diflbreiit substances. And the manoer of con* 
btructing these tables, was by observing the order in which 


tiicy were able to cut or make any impression upon one 
another. The following table, extracted from Magellan's 
edition of Cronstedt’s Mineralogy, was taken from Quist, 
Bergman, and Kirwan. The first column shows the hard¬ 
ness, and the second the specific gravity. 


Diamond from Ormus 


Hard- 

ncu. 

20 


Spec. 

Orav. 

3*7 

Pink diamond 


• 

10 


3-4 

Blucish diamond 

• 

• 

19 

• 

3-3 

Yellowish diamond 


• 

J9 


3 3 

Cubic diamond 

• 

• 

18 


32 

Ruby 

- 

• 

17 

• 

4-2 

Pale blue sapphire 


• 

17 

* 

3-8 

Pale ruby from Brazil 

• 

]6 

• 

3-5 

Deep blot: sapphire 


m 

l6 

- 

3'8 

Topaz 

- 


15 

- 

4 2 

Whitish ditto 

• 

• 

14 


3*5 

Ruby spincil 

• 

- 

IS 

• 

3*4 

Emerald 



12 

• 

2-8 

Garnet 


• 

12 

* 

4'4 

Agate 

- 


12 

• 


Onyx 

- 

• 

12 

- 

2-6 

Sardonyx 

• 

^ % 

12 


2-6 

Bohemian ^opaz 

• 

- 

11 


2-8 

Occid* amethyst 

• 

- 

11 

• 

2*7 

Crystal 

- 

- 

11 

- 

2-6 

Cornelian 


* 

11 

• 

2’7 

Green jasper 

- 

- 

11 

• 

2*7 

Schoerl 

• 

• 

10 

to 

3*(j 

Tourmaline 

• 


10 

to 

30 

Quartz 


- 

10 

- 

2-7 

Opal 

- 

- 

10 

- 

2-6 

Chrysolite 

• 

• 

10 

- 

3-7 

Reddish yellow jasper 

m 

9 

- 

2*6 

Zeolyte 

• 

• 

. 8 

- 

21 

Fluor 

- 


7 

• 

3-5 

Calcareous spar 

- 


6 


2*7 

Gypsum 

- 

- 

5 

m 

2-3 

Chiilk 

• 

- 

3 

- 

2-7 


HARMONICA, Haruonics, a branch or division of 
the ancient music; being that part which considers the 
diflcrcnces and proportions of sounds, with respect to acute 
and grave; as distinguished from rhythmics,and metrics. 
Mr. Malcolm has made a very industrious and learned 
inquiry into the Harmonica, or harmonic principles of 
the ancients. 

Harmonica, the name of a musical instrument in* 
vented by Dr. Franklin, consisting of the glasses, called 
musical glasses.—We are informed that the first bint of 
musical glasses is to be found in no old English book, in 
which a number of various amusements were described. 
That author directs his pupil to choose half adoren drink- 
ing-glasses; to fill each of them with water in proportion 
to (he gravity or acuteness of the sound which it is in¬ 
tended to give; and having (bus adjusted them to each 
oihor, he might entertain the company with a church 
tunc. These were perhaps the rude bints which Mr. Puck- 
eridge, an Irish gentleman, afterwards improved, and after 
him, Mr* £. Dclaval, an ingenious member of the Royal 
Society; and finally brought to perfection by the celebrated 
Franklin, See the bistory end description in his Letters, 
particularly in that to Beccaria. 

HARMONICAL, or Harmonic, something relating 
to Harmony, Thus, 
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KarmonICal Arithmetic, is so much of the theory 
and doctrine of numbers, as relates to making the compa^ 
risons and reductions of musical intervals, which are cx* 
pressed by numbers, for finding their mutual relations, 
compositions, and resolutions* 

Harmohjcal Compo^uiony in its general sense, includes 
tlic composition both of harmony and melody; i. c. of 
music, or song, both in a single part, and in several parts* 

HarmonicAL IrUcrDol, the difference between two 
sounds, in respect of grave and acute: or that imaginary 
space terminated with two sounds differing in acuteness or 
gravity. > 

HARMONICAL Curve, an imaginary kind of curve, 
into uhich it has been supposed that a musical chord 
would be inflected when put into such a vibratory motion 
as excited sound* It has been asserted by Dr. Brook 
Taylor, and others, that if a chord be inflected into any 
other form than that of the harmonic curve, it will, since 
those parts which are without this figure are impelled to« 
wards it, by an excess of force, and thpse within it by a 
deficiency, in a very short time arrive at, or very near, 
the form of this precise curve. But, as Dr. T. Young 
very properly remarks, ** it would be easy to prove, if this 
reasoning were allowed, that the form of the curve can be 
no other than that of the axis, since the tending force is 
continually impelling the chord towards^thisline*^^ Philw 
Trans* 1800, pt« 1.—In theory, a musical chord is con¬ 
ceived to be a mathematical line, flexible by the least 
force, and clastic: and when such chord, at the limit of 
its vibration, assumes the form of this harroonical curve, 
it will vibrate to and fro in curves of the same species.—» 
According to theinvestigationof Dr. Smith, the figure con* 
tained under the harmonical curve ond its base, is of the 
same species as the figure of sines* From the investigation 
It follows: 1. That the force by which any small particle 
of an elastic string is impelled towards the centre of its 
curvature, is to the tending force, as the length of the par¬ 
ticle, is to the radi^ of curvature. 3. The perpendicular 
distance of r pdrliclc from the string in its quiescent posi¬ 
tion, is to the string's length, as the same length, is to the 
radius of curvature into the sq^uarc of 3*14159* Hence, 
if any perpendicular distance Dii be put s the string's 
length sr, and 3* 14159 = c, then will the radius of cun'a- 

turc D = 3 . Bach particle of the string will arrive 

at the axis at the s&mc instant of time* But it is all along 
supposed that the greak^st distance of the string from the 
axb, bears no sensible proportion to its length. See 
Smith’s Harmon* pu. 248,5cc; also Notes to the Jesuits’ 
Newton, tom. 2, pa. 348* 

Harmonical Proporiionf or Musical Proppriionp is 
that in which the first term is to the third, as the difference 
of the first and second is to the difference of the 2d and 
3d; or when the first, the third, and the said two diffe¬ 
rences, are in geometrical proportion* Or, four terms are 
rn harmonical proportion, when the 1st is to the 4tb, os 
the difference df the 1st and 2d h to the difference of the 
3d and 4tb* Thus, 2,3,6, are in harmonical proportion, 
because 2^6:: 1:3* And the four terms 9, 12, l6> 24 
are in harmonical proportion, because 9* 24:: 3: 8.—If 
the proportional terms be continued in the former case, 
they will form ati harmonical progression, or series* 

1* The reciprocals of an arithmetical progression arein 
harmonical progression; and, conversely,.the reciprocals 
of harmonicals are aritbracticals. Thus, the reciprocals 


H A U 

of the harmonicals 2, 3, 6 , are I, 4, which arc arith- 
mcucals; Jor 4. - 4 = ^, and 4 - ^ also: and the 
reciprocals of the arilhmeticals 1, 2,3, 4, Ate, are 4, 4, 4, 
4, Ac, which arc harmonicals; for 4 : 4 ; : 4 — 4 ;— 4 j 
and so on. And, in general, the reciprocals of the arith* 
meticals a, a ■+• d, a -r 2J, a 3d, &c, viz, 

» « 1 1 , 

a’ a + d‘ a + ad’ 7'+ harmonicals; et e 

contra. 

2 . If three or four numbers in harmonical proportion 
be cither multiplied or divided by some number, the pro¬ 
ducts, or the quotients, will *iill be in harinomc.il propor- 
tioD. Thus, 

the harmonicals - (>, s, 12 

multiplied by 2 give - 12 , lb‘, 24, 

or divided by 2 give - 3 , 4 , 

which arc also harmonicals. 

3. To find a harmonical mean proportional between iw o 
terms : divide double their product by their sum. 

4. To find a 3d term in harmonical prupurti«>n to two 
'given terms: divide their product by the difference be¬ 
tween double the 1 st term and the 2 d term. 

5. To find a 4th terra in harmonical proportion to three 
terms given; divide the product of the 1 st and 3 d by the 
difference between double the Isl and the 2 d term. 

* Hence, of the two terms 6 and 3, 

the harmonica! meau is 4, 
the 3d harmonical proportion is 2, 
also to 6, 4, 3, the 4th harmonical is 2. 

6 . If there be taken an arithmetical mean, and a har¬ 
monical mean, between any two terms, the four terms will 
be in geometrical proportion. Thus, between 0 and 2, 

the arithmetical mean is 4, and 
the hannoiiical mean is 3 ; 
and hence 6 : 4 :: 3 : 2. 

7- Also the arithmetical mean, the geometrical mean, 
and the hurmoniCal mean, between any two terms, arc 
three terms in continued geometrical progression. So, 
between and 2, the arithmetical mean is 4, the geometri¬ 
cal mean is ^12, and the harmonical mean is 3; then 4 : 
v/12 ;; v^I2 : 3. 

HARMONY, in Music, the agreeable result of an union 
of several musical sounds, heard at one and the same time; 
or the mixture of divers sounds, which together have an 
agreeable effect on the ear.—As a continued succession of 
musical sounds produces melody, so a continued combina¬ 
tion of them produces harmony. Among the ancients, 
however, os sometimes also among the moderns, harmony 
is used in the strict sense of consonance; and so is equi¬ 
valent to the symphony. 

The words concord and harmony do really signify the' 
same thing; though custom has made a little difference 
between them. Concord is the agreeable effect of two 
sounds in consonance; harmony the effect of anygi«atcr 
number of agreeable sounds in consonance. Again, har¬ 
mony always implies consonance; but concord is also ap¬ 
plied to sounds in succession; though never but where the 
terms can stand ^reeably in consonance. The effect of an 
agreeable succession of several sounds,is called medody; as 
that of an agreeable consonance is called harmony. 

Harmony is well defined, the sum or result of the com¬ 
bination of two or more concords; that is, of three or more 
simple sounds striking tbf car altogether; and different 
compositions of concords constitute various degrees of 
harmony. The ancients seem to have been entirely un- 
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ac(|tininC(‘<l uitlj harmony, the soul of thf^ modern music. 
Inall their ex(»lications uf the mclopa;ia» they say not one 
won) of !!»e concert or harmony of parts. We have iii- 
vtanccs, indeed, of their joiianj; scverul voices, or instru¬ 
ments, in cojisonancc; but tlien these were not so joined, 
as that each had a distinct and proper melody, so making 
a succ<'^si(»n various concords; but they were either 
unisons, or octaves, in every nolo; and so all performed 
the saiiK' in iisiihial melody, and constitutc<l one song. 
When the parts ditfer, not in the tension of the nhole, but 
in the djlferonl relations of the successive notes, it is lids 
that constitutes the modern art of harmony. 

11 a UMOV V of the Sphtrei^ or Ctlestinl Harmony ^ a kind 
ot music mtich spoken of by many of the uncient philo¬ 
sophers anil falluTs, supposed to be produced by the 
sweetly tuned motions of the stars and planets. This 
harmony they atti ibuU'd to tim various proportionate im- 
])ression> of the heavenly bodies on one anotlier, acting at 
proper intervals. They think it impossible that such 
prodigious bodies, moving with such rapidity, should be 
silent: on the contrary, the atmosphere, continually im¬ 
pelled by them, must yield a set of .sounds proportionate 
to the irnprcssioti it receive^; and that consequently, as 
they run nil in dilTercnt circuits, and with various degrees 
of velocity, the dilfcrcht tones urisingfrom the diversity of 
motions, directed by tlie hand of the Almighty, must form 
an agreeable symphony or concert. They therefore sup¬ 
posed, that the moon, ns being the lowest of the planets, 
corresponded to mi; Mercury, to/a; Venus, to sol; the 
Sun* to/a; Mars> to si: Jupiter, to ut: Saturn, to re; 
and the orb of the fixed stars, os being the highest of all, to 
mif or the octave. 

It IS thought that Pythagoras liad a view to thtfgravita- 
' tion uf celestial bodies, in what he taught concerning the 
harmony of the spheres. A musical chord gives the same 
note as one double in length, when the tension or force 
with which the latter is stretched is quadruple; and the 
gravity of a planet is quadruple of the gravity of a planet 
at a doul)lc distance. In general, that any musical chord 
may become unison tou lesser chord of the same kind, its 
tension must be increased in the same proportion as the 
square uf its length is greater; and that the gravity of a 
plurirt may become equal to the gravity of another planet 
neuier ilu* sun, it must be increased in propnrtion as the 
square f)f its tlistaiicc from llic sun is greater. If there¬ 
fore we ^hollld suppose musical chonls extended from the 
sun to i*ach plunet, that all thcic chords might become 
tini.son, it would bo requisite to increase or diminish their 
tension^ in the same proportions as would be suflicicnt to 
rende/ the gravities of the planets equal; ami from the 
similitude of those proportions, the celebrated doctrine of 
the Imrinuny of the spheres is supposed to have been dc- 
rivcrl. 

Kepler.wrote a large work, in folio, on the harmonies of 
the world, and particularly of that of the celestial bodies. 
He Hrst endeavoured to hud out some relation between 
the dimensions of the five regular solids, and the intervals 
of the planetary spheres; and imagining that a cube, in¬ 
scribed in the sphere of Saturn, would touch by its six 
planes the sphere of Jupiter, and that the other four re¬ 
gular solids in like manner fitted the intervals that arc be¬ 
tween the spheres of the other planets, he became per¬ 
suaded that this was the true reason why the primary 
planets were precisely six in number, and that the author 
of the world had determined their distances from the suo> 


the centre of the system, from a regard to this analogy. 
But afterwards finding that the disposition of the five re¬ 
gular solids among the planetary spheres, was not agree¬ 
able to the intervals between their orbits, he endeavoured * 
to discover other schemes of harmony. For this purpose, 
he compared the motions of the same planet at iu great¬ 
est and least distances, and of the differcut planets in their 
seveinl orbits, as they would appear viewed from the sun ; 
and here he fancied that he found a similitude to the di¬ 
visions of •the octave in music. Lastly, he imagined that 
if lint’s were drawn from the earth, to each of the plnncbt, 
and the planets ap|icnded to them, or stretched by weights 
proportional to the planets, these lines would then sound 
all the notes in the octave of a musical chord. See his 
Harmonics; also Plin, lib. 2, cap. 2*i; Macrob. in Somn. 
Scip. lib. 3, cap 1; Plutarch, dc AniinaL Procrcationo,e 
Tima'o; and Maclaurin^s View of Newton’s Discov* 
hook 1, cha}i, 2. 

HAUQULBUSS, a hand-gun, ora fire-arm of a proper 
length and weight to be borne in the arm, I'lanzclct pre¬ 
scribes its proper length to be 40 calibres, or ciiumcUrrs of 
its boro ; and the weight of its ball 1 oz.and its charge 
of powder as much. 

IIAKIUOT ('riiostAs), a very eminent English mathe¬ 
matician arul ustronomer, was born at Oxford in 156*0, 
and died ul London July 2, 1621, in the 61 st year of his 
age. Harriot has hitlicrto been known to the world only 
as an algebraist, though a very eminent one ; but from his 
manuscript pain^rs, that have been but lately discovered 
by Dr, Zuch, astronomer to the duke of Saxc-Gotha, it 
appears that he whs not less eminent as an astronomer and 
geometrician. Dr /ach has printed an account of those 
papers, in the Astronomical Ephemeris of the Royal Aca¬ 
demy of Sciences at Berlin, for the year 17S8; of which, 
as it is very curious, and contains a great deal of infor¬ 
mation, I shall here give a translation, to serve as me¬ 
moirs concerning the life and writings of this eminent 
man; afterwards adding only some i|^ccssary remarks of 
my own, 

“ I here present to the world/* says Dr. Zach, a short 
account of some vuUmble and curious manuscripts, which 
I found in the year 178*, nt tlie scat of the carl of Egre- 
mont, at .Petworih in Sussex, in hopes that this learned 
and inquibitivr age will either think my endeavours about 
them worthy of its assisUince, or else will be thereby in¬ 
duced to ullempt some other means of publishing Uiem. 
The only undeniable proof 1 can now produce, of the use¬ 
fulness of such an undertaking, is by giving a succinct re¬ 
port of the contents of these materials, and briefly showing 
what may becftccled by them. And though 1 come 
performance of such an enterprise with much less abilities 
than the different ports of it require, yet I trust that my 
love for truth, my design and seal to vindicate the honour 
due to an Englishmun, the author of these manuscripts, 
which arc the chief reasons that have influenced me in this 
undertakirf^, will serve as my excuse* 

A predecessor of the family of Lord Egrcntoiit, vii, 
that noble and generous carl of Northumberland, named 
Henry Percy, was not only a generous favourer of all good 
learning, but also a patron and Mmccnos of the literati of 
his age. Thomas Harriots the author of the said manu¬ 
scripts, Robert Hues (>vcll known by his Treatise upon the 
Globes), and Walter Warner, all three eraineut matheroa- 
ticians, who were known to the carl, received from him 
yearly pensions; so that when the carl tvas commuted pn- 
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soncr to the Tdwer of London in the year l605,our author, 
with Hues and Warner, were his constantcompunions; and 
were usually called the carl of Northumberland’s three 
Magi. 

“ Thomas Harriot is a known and celebrated mathe* 
malician among the learned of all nations, by his excellent 
work, Artis Analylicae Praxis, ad u;<|uationi.-s algcbraicas 
nova expedita ct gcncrali methudo, rcsolvendus, i'ractatus 
pusthuinus; Loiui. 1631: dedicated to Henry earl of 
Northumberland; published after his death by IValter 
Warner. It is remarkable, that the fame and the honour 
of this truly great man were constantly attacked by the 
French mathcmaticia:is; who could not endure that liar* 
riot should in any way diminish the fame of their Victa and 
Descartes, csprcially the latter, who was openly accused 
of plagiarism from our author. [Sec Montucla’s Ilisloirc 
des Muthematiquis, part 3, pa. 485 et seq.— Lettres dc 
M. Descartes, tom. 3, pa. 457, edit. Paris 16'67, in 4to.— 
Diciioniiaire dc Morreri, word Harriot. —Lncyclopedie, 
word /l/geifrt.—Lettres de M. do Voltaire, sur la nation 
Angloise, lettre 14.—Memoire de I’Abhe de Gua dans ics 
Mem. dc r.Acad. des Sciences de Paris pour 1741.—Jer. 
Collier’s givat Historical Dictionary, word Harriot.—Dr. 
Wallis’s preface to bis Algebra.—To which may be added 
the article Aigebra, in this dictionary.] 

“ Descartes published his Geometry 6 years after Har* 
riot's work appeared, viz, in the year 1637. Sir Charles 
Cavendish, then ambassador at the French court at Paris, 
when Descartes’s Geometry made its first appearance in 
public, observed to the famous geometrician Roberval, 
that these improvements in analysis bad been already 
made these 6 years in England, and showed him after* 
wards Harriot’s Artis Analyticac Praxis; which, as Ro* 
berval was looking over, at cv€ry page bo cried out, Oui! 
oui! ill’avu! Yes! yes! he has seen it! Descartes had 
also been in England before Harriot's death, and bad heard 
of bis new improvements and inventions in analysis, A 
critical life of this man, which his papers would enable me 
to publisii, will show more clearly what to think upon this 
matter, which-J hope may be discussed to the due honour 
of our author. 

Now all this relates to Harriot the celebrated ana* 
lyst; but it lias not hitherto been known that Harriot was 
an eminent astronomer, both theoretical and practical, 
which first appears by these manuscripts; among which 
the most remarkable .arc 199 observations of tho Sun’s 
Spots, with their drawings, calculations, and determina* 
tions of the sun's rotation about his axis. There is the 
greatest probability that Harriot was the ^irst discoverer 
of these spots, even before either Galileo or Schcincr. 
The earliest intelligence wc have of the first discovered 
solar spots, is of one Joh. Fabricius Pbrysius, ivbo in the 
year loll published at Wittemberg a small treatise, in* 
tilled, Dc Maculis in Sole oliservatis ct apparente .corum 
cum Sole convcrsione narratio. Galileo, who is com* 
monly accounted the first discoverer of the solar spots, 
published his book, Istoria c Dimonstrazioni intornc alle 
Mochic Solarc o loro accidenti, at Rome, in the year l6l3. 
His first observation in this work, is dated June 2, l6l2. 
Angelo dc Filiis, tho editor of Galileo’s work, who wrote 
the dedication and preface to k, mentions, pa. 8, that Ga* 
lileo had not only discovered these spots in tho month of 
April in the year l6ll,at Rome, in the ^luirinal Garden, 
but had shown them several months before (mold inesi 
inoaozi) to bis friends in Florence; and that the obscr* 


vatinns of tbedisguised Apelles (thcJcsuitScheiiicr, a pre¬ 
tender to this first discovery) were not later than the 
month of October in the same year; by which the epoch 
of this discovery was fixed to the beginning of the year 
l6ll. Buta passage in the first letter^ ol Galileo's works, 
pa. 11, giv« a more precise term to this discovery. Ga¬ 
lileo there says in plain terms, that he had observed the 
spots in the sun 18 niomhs before. The date ol this letter 
is iMay 24, l6'l2; which brings the true epoch of this 
discovery to the month of November, l6l0. However, 
Galileo's first produced observations are only from June 2, 
16'12, and those of Father Schcincr of the month of Oc¬ 
tober, in tbesame year. But now u appears from Har¬ 
riot’s manuscripts, that his first observations of lhc*se spots 
are of Dec. 8, l6l0. It is not likely that Harriot could 
have this notice from Galileo, for I do not find ibis inalhe- 
malician’s name ever quoted in Harriot's papers. But I 
find him mentioning Josephus a Costa's book 1. chap. 2, of 
his Natural and Moral History of tlie West Indies, in 
which he relates that in Peru there are spots to be seen in 
the sun which arc not to be seen in Europe. It rather 
seems that Harriot had taken the hint from thence. Be¬ 
sides, it is very likely that Harriot, who lived with so ge¬ 
nerous a patron to all good learning uiid improvements, 
liad got the new invention of telescopes in Holland much 
sooner in England, than they could reach Galileo, who at 
that time lived at Venice. Harriot’s very careful and ex¬ 
act observations of these spots, show also that he was in 
possession of the best and roost improved telescopes of that 
time; for it appears he bad some with magnifying powers 
of 10, 20, and 30 lime.s. At least there arc no earlier ob¬ 
servations of the solar spots extant than his: they run 
from December 8, l6l0, till January 18, l6l3. 1 com¬ 

pared the corresponding ones with these observed by Ga¬ 
lileo, between which I found an exact agreement. Had 
Harriot bad any notion about Galileo's discoveries, he cer¬ 
tainly would liavc also known something about the phases 
of Venus and Mercury, and especially about the singular 
shape of Saturn, first discovered by Galileo; but! find not 
a word in all bis papers concerning the particular figure 
of that planet. 

“ Qf Jupiier^s SaleUita. 1 found among his papers a 
large set of observations, with their drawing, jiosiiion, 
and calculations of their revolutions and periods. His 
first observation of those discovered satellites, I find to 
be of January l6, l6l0; and they go (ill February 26 
16|2. Galileo pretends to have discovered Ihcm Ja¬ 
nuary 7. lOTO; so that it is not improbable that Harriot 
was likewise the first discoverer of these attendants of Ju¬ 
piter. ^ 

“ Among bis other observations of the moon, of some 
eclipses, of the planet Mare, of solstices, of refraction 
of the declination of tho needle; there are most remark¬ 
able ones of the noted comets of l607, and of i6lS the 
latter, for there were two this year (see Kepler de Cometis 
pa. 49)* They were all observed with ii cross-staff by 
measuring their distances from fixed stars ; whence these 
observations are the more valuable, ns comets had before 
been but loosely attended to 2 Kepler himself observed the 
comet of 1607 only with tho naked eve, pointing out its 
place by a rough estimation, without the aid ofan insiru* 

ment; and the elements of their orbits could, in defect of 

better observations, be only calculated by them. The 
observations of the comet of-the year 1607, arc of the 
more iroportaace, even now for modern astronomy as 
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ibis i* tbc sarno comet that fnlrillcd Dr. UaUc>’s prediction 
of if^return in tlic year 17^9^ rhat prwhetion wji5 only 
grouniled on th^ ohm cn is a Horded him by these loose ob* 
5c*rvaii<iiis; for which reason he only assigned the term of 
Its return to the >[iace of a year. '1 he very intricate calcu¬ 
lation^ of the |)i rturbarions of this comet» aticrwards 
niritlc by M. Clairuui, reduced the limits to a month’s 
space. But a greater light may now be thrown upon this 
matter by the more accurate observations on this coittet 
by Mr. (laiTiot. In the nionili of October 1785, when I 
c<»nvcrsed on the subject of Harriot’s papers, and especially 
on this comet, with the very celebrated inalhemuliciaii 
M. Lagrange*, director of the Royal Academy of Sciences 
at Uerhn, he then suggested to me an idea, which, if 
brought into execution* w ill clear up an important point 
in astronomy. It is well known to astronomers how dif- 
ficult a matter it is, to determine the mass, or (piantity of 
matter, in the planet Saturn ; and how little satisfactory 
the nolions of it are, that have hitherto been formed. 
'Die w hole theory of the perturbations uf comets depend¬ 
ing on this uncertain datum, several attempts and trials 
have been made towardjf a more exact dotcrminulion of it 
by the most eminent geometricians of this ago, and parti- 
larly by l^grange himself; but never having been satisfied 
witii the few and uncertain data heretofore obtained for 
the resolution of tliis problem, he lliooght (hat Harriot’s 
observations on the comet of 1607, and the modern ones 
of the same comet in 1759, would suggest a way of re¬ 
solving the problem a posteriori; that of determining by 
them the elements of its ellipsis. The retardation of (he 
comet compared (o its period, may clearly be laid (o (he 
account of (he attraction and perturbation it has suffered 
in the region of Jupiter and Saturn ; and as the part of it 
belonging to Jupiter ts very well known, the remainder 
must be the share which is due to Saturn^ from whence 
the muss of the latter may be inferred. In consequence 
of this consideration I have already begun to reduce most 
of Harriot’s observations of this comet, in order to calcu¬ 
late by (hem the true elemonls^f its orbit on an elliptical 
hypothesis, to complete M. Lagrange’s idea upon this 
fimtter. 

1 forbear to mention here any more of Harriot’s ana¬ 
lytical papers, which 1 found in a very great number. 
Tiiey contain several elegant solutions of quadratic, cubic, 
and bi<{uadrn(ic equations; with some other solutions end 
loca gconietricH, that show his eminent qualifications, and 
will serve to vindicate them against the attacks of several 
Trench writers, w ho refuse him the justice due to his skill 
and accomplishments, merely to save Descartes’s honour, 
who yet, by some impartial men of bis own nation, was 
accused of public plagiarism. 

Thomas Harriot was born at Oxford, in the year 
1560. After being instructed in the rudiments of lan¬ 
guages, he became o commoner of St. Mary's-Hall, where 
be took the degree of bocbclor of arts in 1579- ^1^ 

then so distinguished himself by his uncommon skill in 
mathematics, as (o be recommended soon after to Sir 
Waller Raleigh, as a proper preceptor to him in that 
science. Accordingly (hat noble knight became his fint 
patron, took him into bis family, and allowed him a batid- 
some pension.. In 1584 ho went over with Sir Walter’s 
first colony to Virginia; where ho was employed in disco¬ 
vering and surveying the country, dec; maps of which I 
have found (says Dr. Zach) very neatly executed among 
his papers. After his return be published A Drief and 


True Report of the Newfoundland of Virginia, of the Com¬ 
modities there found to be raised, &c ; l^iid. 1588. This 
was reprinted in the 3d volunSe of HakluytS Voyages; it 
was also translated into Latin, and printed at Frankfort in 
the year 1590. Sir Walter introdQccd hire to the ac¬ 
quaintance of the Earl of Norlliumbcrland, who allowed 
him a yearly pension; Wood says, of 120*. only; but by 
some of his receipts, which 1 have found among his papers, 
it appears that he had 300/, which indeed was a very 
large sum at that time. Wood, in his Athcii. Oxon. men¬ 
tions nothing of Harriot’s papers, except a manuscript in 
the library at Sion College, London, entitled Lpheinvris 
Chyrumetricn. I got access to ibis library and manu¬ 
scripts, and was indeed in hopes of finding something 
more of Harriot's; for most of his pbscrv*ations arc dated 
from Sion College ; but 1 could not find any thing from • 
Harriot himself. 1 found indeed some other papers of his 
friends: he mentions, in his observations, one Mr.Standish, 
at Oxford, and Nathaniel Torpcriy, who also was of the 
acquaintance of the Earl of Northumberland, and had a 
yearly pension; from the former I found two observations 
of the same comet of l6l8, made in Oxford, which he 
communicated to Mr. Harriot. 

** Thomas I larriot died July 2,1621. His disc^asc was 
a cancerous ulcer in the lip, which some piMend he got 
by a custom be had of bolding the mathematical brass 
instruments, when working, in bis mouth. 1 found se¬ 
veral of his letters, and answers to them, from his physi¬ 
cian Dr. Alexander Rhead, who in his tn^atisc mentions 
Harriot’s disease. His body was convoyed to St. Christo¬ 
pher's church, in London. Over his grave was soon after 
erected a monument, with a large and suitable inscrip¬ 
tion, which was destroyed with the church itself by the 
dreadful fire of September l666. He was but 60 years 
of age.’^ 

The peculiar nature and merits of Harriot’s Algebra, 
we have spoken largely and particularly of, under the ar¬ 
ticle Algebra. As to bis manuscripts lately discovered 
by Dr. Z«ich, as above mentioned, it is with pleasure 1 
can announce, that they arc in a fair train in be published; 
they have been presented to the university of Oxford, on 
condition uf their printing them; with a view to which, 
they have been lately put into the hands of an ingeni¬ 
ous member of that learned body, to arrange and prepare 
them fur the press. Sec Wood’s Athens Oxonienais, vol. I» 
pa. 390* 

HARRIS (Johk), n. d, and v. n. s* was' elected into 
(he Royal Society about the year 1696 : became one of 
the secretaries in 1709, and died Sept. 7, 1719* Dr. 
Harris published the first real dictionary of the arts 
and sciences, under the title of Lexicon Techojeum, 
ID folio, 1699, showing the state of the sciences at that 
time, a good account of which is given in the Philos. 
Trans, for 1704, and in my Abridg. vol.5, pe. 149*— 
Some years after, a 2d volume was added, in a new 
alphabet, to include the new ii^provemcnts in science. 
A 3d volume was aftenvards added, but supposed to be a 
compilation by the bookscllcn. The whole Was a very 
useful work, and went through several editions. He had 
some papers inserted in the Philos. Trans, and published 
several other useful books: as, a neat tract on Algebra, 
8vo, 1705; and another on Geometry and Plane Trigo¬ 
nometry, being chiefly a translation from the Trench of 
Pardics, the 2d edit. 1702. 

About this time it seems that Dn Harris lived and 
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(aught niRthcmatics a( bis liousp in Anicn Corner.” He 
wrote also, A New short Treatise of Algebra; with the 
Geometrical Constriiclion of Kquntions, as far as the 4tli 
poMcror Dimension; t«)petlier wtth a specimen of the 
nature and ulgorith of i'lu.Nions. This tract is an¬ 
nounced to have bcvii written piimniily for tlic use of his 
auditors ut the public niathcn)uiical lecture set up at the 
Alarinc Coftee-house, 13ircbin-lane, by Charles Cox, Ksq. 
M.P. for Southwark, ilc also published Idleiiieiits of 
I’lain and Spherical Trigonometry, together with the prin¬ 
ciples of Spheric Geometry, and the several projections 
of the Sphere in Plano. Also The Description and 
U6« of the Celestial and Terrestrial Globes, and of Col- 
lins's Pocket Quadrant, 4th edition. He was also the 
author of a Collection of Voyages, 2 sols. fol. 1705; 
of which useful work there have been some other edi¬ 
tions, particularly one in 1744, much improved by Dr. 
John Campbell. 

Dr. Harris appears to have been a patron of the mathe¬ 
matical Wm, Jones, Esq. the friend of Sir I, Newton, and 
lather of the late Icanied Sir Wro. Jones, the celebrated 
Indian judge, as Mr. Jones dedicated to the Rev. Mr. John 
Harris his Treatise on Navigation, published in 1702, 

in whose house Mr. Jones says he composed his said 
book. 

Harrison (John), a most accurate mechanic, the 
celebrated inventor of the famous time-keeper for asecr- 
tainmg the longitude at sea, and also of the compound or 
gridiron pendulum ; was born at Foulby, near Pontefract 
in Yorkshire, in l693. His father was a carpenter, in 
which profession our author assisted; occasionally also, 
according .to the misccllaDcous practice of country artists, 
surveying land, and repairing clocks and watches; and 
young Harrison always was, from his earliest ycam, greatly 
attached to any machinery moving by wheels. In 1700 
he removed with bis father to Barrow in Lincolnshire; 
where, though bis opportunities of acquiring knowledge 
were very few, he eagerly improved every incident from 
which he might collect information; frequently employ¬ 
ing all or great part of his nights in writing or drawing: 
and he always acknowledged his obligations to a clergy¬ 
man who came every Sunday to officiate in the neighbour¬ 
hood, who lent him a sts. copy of Professor Sanderson's 
lectures ; which he carefully and neatly tratiscribcd, with 
all the diagrams. His native genius exerted itself supe¬ 
rior to these solitary disadvantages ; for in the year 1725, 
he had constructed two clocks, chiefly of wood, in which 
he applied the escapement and compound pendulum of 
bis own invention ; these surpassed every thing of the kind 
then made, scarcely erring a second in a month. In 1728, 
he came up to. London w*ith the drawings of a machine for 
determining the longitude at sea, in expectation of being 
enabled to execute one by the Board of Longitude. On 
“PP^^cation to Dr. Halley, the astronomer-royal, he refer- 
™ him to Mr. George Graham, who advised him to make 
bii machine, before applying to that board. Accordingly 
our author returned home to perform bis task; and in 
J735 revisited London with bis fint machine; with which 
he wto sent to Lisbon the next year, to make trial of it. 
^this short voyage, he cbrrectcd the dead reckoning 
about a degree and a half; a success which procured him 

private encouragement. About the year 
739 he completed his second machine, of a construction 
much more simple than the former, and which answered 
miKh belter: this, though not sent to see, recommended 


Mr. Harrison yet stronger to the |>ntronnge of bis (nvu<U 
and Jhe public. H,. third .r.acbw,-, «l„ch lu- produc.d 
in 1/49, was slill less con.jilnth.-,n lliesicojid, sind 
more accurate, as erring onK 3 t ^-c-.iuU ni a vu.k. 
ibis be conceived to be the .,c phn ,,1 l.is aUeini.t- • 
but by endeavouring to improve pocket waictiev. hr loiind 
the principles he applied to surpass hi. . xpeuaiion. so 
much, as to encourage him to make Jn. fouui, |i,„.. 
keeper, which is in the form of a pm kel-uaitb. about (i 
inches diameter. With this time-krtp. r his son ina.lc 
two voyages, the one to Jamaica, and the other to Barba- 
docs; in which experiments it corrected the Inn-nu.le 
within the nearest limits rcijuired by the act of tbc' I jth 
of Queen Anne; and the inventor had therefore, at dif- 
ferent times, more than the proposed reward, receivih» 
from the Board of Longitude at ditferent lime. alnioJt 
24,000f. besides a few hundreds fioin the ICast In.lia Com¬ 
pany, Ac. 'riiese four machine's were given up to tlie 
Board ot I..ongituHe. Thethree loriner were not of any 
use, as all the advantages gaiiieii by making them were 
comprehended ip the last: being worthy however of pre¬ 
servation, as rai-chanical curiosities, they are deposited 
in the Royal Observatory at Greenwich. The fourth 
machine, emphatically distinguished by the name of tlie 
time-keeper, was copied by the ingenious Mr. Kendal; 
and that duplicate, during a three-years circumnavigation 
of the globe in the southern hemisphere by Captain Cook, 
answered as well as the original* * 

The latter part of Mr. Harrison’s life was employed in 
making a fifth improved tinie-kecpcr, on the same princi¬ 
ples vvith the preceding one; which, after a ten-weeks 
trial, in 1772, at the king’s private observatory at Rich¬ 
mond* was found to have erred only 4f seconds. Within 
a few years of his death, his constitution visibly declined; 
and he had frequent fits of the gout, u disorder that never 
attacked him before his 77lh year. His constitution at 
laSt yielding to the infirmities of old age, he liicd at his 
house in Red-Lion Square, in 1776, at 83 years of age. 

Our author, like many other mere mechanics, found much 
difficulty in delivering his sentiments in writing (at least 
in the latter periods uf his life, when his faculties were 
much impaired), in which he adhered to a peculiar and 
uncouth phraseology. This was but too evident in Ins De¬ 
scription concerning such Mechanism os will afford a nice 
or true Mensuration ofTime, &o. 8vo, 1775. In this small 
work is included also an account of his new musical 
scale; beinga mechanical division of the octave, according 
to the proportion which the radius and diameter of the 
circle have respectively to tbc circumference. He had in 
his youth been the leader of a band of church-singers ; had 
a very delicate ear for music; and his experiments on 
sound, with H curious monochord of his own improvement, 
it has been said were not less accurate than those he was 
engaged in for the mensuration of time. 

HARTSOEKEK (Nicholas), a Dutch philosopher, 
born at Gouda^, in 1656. After receiving a liberal edu- 
cation under hi$ father, who was a minister under the re- 
iDonstrants, he applied himself assiduously to hiathcma* 
Ucs and natural philosophy, and became so eminent that 
Peter the Great invited him to Moscow, but he declined 
the honour* He became professor of philosophy at Hei* 
dclbcrg, and matbematiciun to the Elector Palatine^ He 
died in 17S5« Hartsocker wrote a Course of Natural Phi¬ 
losophy, in 4to; aud some small pieces. 

HAUTEFEUiLLE (Joun), an ingenious mechanic, 
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born At Orleans in 1674. He made a great progress in 
njcchanics in general, but had a particular taste for clock- 
\MH k, ami made several discoveries in it that \scrc of sin^ 
i’ular u^e. It v\as he, it appears, who <leteimined the me* 
of riuulcTaliny the vibiation of the balance by means 
ol aMiiall steel spiiiig, nInch lias since been used. This 
discovery he laiti bclt^ro the members <•( the Academy of 
bciences in U»y4; and these watches are, by way of cmi- 
ntneo, tailed jiendolum watches; not that tlicy have real 
pendulun s> but because they nearly approach to the just¬ 
ness of pendulums. Huygens has the merit of perfecting 
this happy invention: but having declared liim^elf the in* 
v(>ntnr an<l obtained a patent for making watches w*itli 
spiral springs, the abbe Feuillo opposi»<l the registering of 
it, and published apiece on the subject against Huygens. 
He died in 1724, at 50 yvar^ of age. Besides the above, 
he wrote a ureal many other pieces, most <*f which arc 
small pamphhls, but very curious: as, 1. llis Perpetual 
Pendulum. 2, New Inventions. 3.'1 he Art of Breathing 
under Water, and the means of preserving u Flame shut 
up in a Small Place. 4. Ueflcctions on nmciniies fur 
raising Water. 5. llis Opinion on the diflenht Senti¬ 
ments of .Mallehranche nnd Regis, rclaliiig to tire Appear- 
ance of the Moon when seen in the Horizon. 6. The 
Magnetic Balance. 7. A Placet to the king on the Longi¬ 
tude. 8. Letter on the Secret of the Longitude. 9* A 
New System on the Flux and lUllux of the* Sea. 10, The 
means of making Sensible Experiments that prove the Mo¬ 
tion of the Earth : and many other pieces. 

HAYES (CiJ A RLES, F.s(p),a very singular person, whose 
great erudition was so concealed by his modesty, that Iris 
name is known but to few, though his publications arc 
many. He was btirn in l67S, and died in 176O, at 82 
years of age. He became distinguished in 1704 by a Trea¬ 
tise of Fluxions, in folio, being wc believe the firslircatisc 
on that science ever published in the English language; 
an<i the only work to which he ever set Iris numc« In 
1710 enme out a small 4to pampiriet, in Ip pages, enti¬ 
tled, A New and easy Method of determining the Longi¬ 
tude from observing the Altitudes of Uie Celestial Bodies. 
Also, in 1723, he published, The Moon, a pirilosophical 
dialogue; tending to show, that the moon is notan opaque 
body, but has native light of her own. 

To a skill in the Greek and the Latin, as well as the 
modern languages, he added the knowledge of the He¬ 
brew : and he published several pieces relating to the trans¬ 
lation and chronology of the Scriptures* During a long 
course of years he bad the chief management of the lato 
African company, being annually elected sub-governor. 
But on the dissolution of that company in 17i2> he rc^ 
tired to Downi in Kent, where ho spent most of his hours 
in study; from whence however he returned, in 1758, to 
chambers in GrayVinn, London, where he died in 176O, 
as mentioned above, lie left a posthumous work, that 
was published in 8vo, under the title of Chronographia 
Asiatica ct /Eg^ptiaca, &c* 

HEAD, in Architecture. Heads arc used as an ofnu- 
ment of sculpture or carved work, frequently serving as 
the key of on arch or platband, and on other occasions. 

HEAT, the opposite to cold, being a relative term deno¬ 
ting the property of fire, or of those bodies we denominate 
bot; being in us a sensation excited hy tbo action of fire. 

Heat, as it exists in the hot hody,^or that which con¬ 
stitutes and denominates a body bot, and enables it to 
produce such cfTects on our organs, is variously consider¬ 


ed by philosophers : some making it a quality, others a 
substance, and others only a mechanical affection. The 
foiiiKT principle is given and ntaintained by Arii^totlc and 
the Peripatetics. While the Epicureans, and other corpos- 
culariaus, define heat not as an accident of fire, but as an 
essential power or properly of it, the same in reality with 
it, and only distinguished from fire in the manner of our 
coi)Ce]ition. Heat, therefore, on their principles, is no 
otiicr than the volatile substance of fire itself, reduced into 
atoms, and emitted in a continual stream fmm ignited 
bodies; so as not only to warm the objects within lU 
reach, but also, if they be inflammable, to kindle them, 
turn tliom into fire, and conspire with them to make flame. 
In effect, these coq>usclcs. observe they, fl>nng off from 
the ignited body, constitutefire while yet contained within 
the sphere of its flame; but when fied, or got beyond the 
same, and dispersed every way, so as to escape the appre¬ 
hension of the eye, and only to be perceived by the feeling, 
they take the denomination of heat, inasmuch os they ex¬ 
cite in us that sensation. 

The Cartesians, improving on this doctrine, assert that 
heat consists in a certain motion of the insensible particles 
of a body, resembling the motion by which the several 
parts of our body arc agitated by the motion of the heart 
and blood. 

Our latest nnd best writers of mechanical, experimental, 
and chemical philosophy, differ very considerably about 
heat. The chief difference is, whether it be a peculiar 
property of one certain immutable body, called fire, or 
phlogiston, or electricity; or whether it may be produced 
mechanically in other bodies, b)' inducing an ultcratioDin 
their particles. The former tenet, which is as ancient as 
Democritus, and the system of atoms, had yielded to that 
of the Cartesians, and other mechanists ; but is now with 
great address retrieved, and improved on, by some of the 
latest writers, particularly Homberg, the younger Lemcry, 
Gravesande, Boerbaave in his lectures on fire,.Black, 
Crawford, and other chemical philosophen. 

That which is denominated firr, according to Boor- 
haave, is a body sui generis, created such ab origine, uo- 
alterablc in its nature and properties, and not either pro¬ 
ducible dc novo from any other body, nor capable of being 
reduced into any other body,or of ceasing to be fire. TbU 
fire, he contends, is diffused equably every where, and ex¬ 
ists alike, or in equal quantity, in all the parts of space, 
whether void, or possessed by bodies; but that naturally, 
and in itself, it is perfectly luteal and imperceptible; be¬ 
ing only discovered by certain effects which it produces, 
and whicirarc cognisable by our senses. These effects are 
heat, light, colour, rarefaction, and burning, which are 
all indications of fire, as being none of them producible 
by any other cause; so that .wherever we observo any of 
these, wemay safely infer the action and pri'scnce of fire. 
But though (be effect cannot be without the cause, yet the 
fire may remain without any of these effects; any, we 
mean, gross enough to affect our senses, or become ob- 
jecU of them: and this, he addsy is the ordinary com; 
there being a concurrence of 4»thor circumstances, which 
arc often wanting, necessary to the production of such 
sensible cflTects. 

Heat, according to the mechanical philosophers, es¬ 
pecially Bacon, Boyle, and Newton, is considered notes 
an original inhercni’ property of any particglar kind of 
body; but as mechanically producible in any bc^y. The 
former, in an express treatise De Forma Calidi) from 
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a particular cnumcralion of the- several phenomena nnd 
eflects of heat, deduces several generiil propeities of it; 
and hence he defines heat, an expuiisiM- undulatory mo¬ 
tion in the inliiiitc particles of tlie body; bv which they 
lend, with some rapidity, tov.ards the circutiiVerence, and 
at the same time iiiciinca little upvvanls. 

Mr. Boyle, in a tiealise on llio mechanical origin of 
heat and cold, strongly supports the doctrine of the pro- 
ducibility of heat, with new obsci valionsand experiments ; 
as in the instance of a smith briskly hammering a small 
piece of iron, whicl), though cold at the coinmeiicetnent, 
soon l)(*conK*s exceedingly lioi. 

This system is also further supportcil by Newton, who 
docs not conceive tire as any particular species of body, 
originally endued with such and such properties. Fire, 
according to him, is only a body much ignited, that is 
heated hot, so as to emit light copiously : what else, ob¬ 
serves he, is red-hot iron but fire? and what else is a burn- 
ingchurcoal but red-hot wood? or flame itself, but red- 
hot smoke ? It is certain thni flame is only the volatile 
part of the fuel heated red-hot, I. e. so hot as to shine ; and 
hence only such bodies as are volatile, that is, such as 
emu a copious fume, will flame; nor will they flame longer 
than they have fume to burn. In distilling hot spirits,'’ if 
the head of the still Iw taken off, the ascending vapours 
will catch fire from a candle, and.turn into a flame. And 
in the same manncrscvcral ^lodics, much heated by motion 
attrition, fermentation, or the like, will emit lucid fumes’ 
which, if they bo copious enough, and the heat suflicicntly 
great, will be flame; and the reason why fused metals do 
not flame, is the smallness of their fume; this is evident 
because spilter, which fumoi most copiously, docs likewise 
flame. A<ld, that nil flaming bodies, as oil, tallow, wa.\ 
wood, pitch, sulphur. &c, by flamiiic, waste ami vanish 
into burning smoke. And do not airfi.xed bodies, when 
heated beyond a certain degree, emit light, and shine ? and 
IS not this emission performed by the vibrating motion of 
their parts? and do not all bodic-s, which abound with ler- 
restnal and sulphureous parts, emit light as often as those 
parts arc sufficiently agitated, whether that a<»italion b« 

made by external fire, or by friction, or percussion, o^ 

putrefaction, or by any other cause ? Thus, sea-water, 
m a storm; quicksilver agualed in vacuo; the buck of a 
cat, or the neck of a horse, obliquely rubbed in a dark 
place; wood, flesh, and fish, while they putrefy ; vapours 
from putrefying waters, usually called ignes fatui; stacks 
of moist hay or com ; glow-worms ; amber and diamonds 
byAubbing ; fragments of steel struck off with a flint, &c 
all emit light. Are not gross bodies and light convertible 
into each other, and may not bodies receive much of their 
activity from the particles of light which enter their com¬ 
position ? I know no body less apt to shine than water • 
and yet water, by frequent distillations, changes into fixed 
earth, which, by a sufficient heal, may be brought to shine 
like Other bodies* 

Let it further be considered, that the sun and stars, ac¬ 
cording to Newton's conjecture, are no other than great 
earths vehemently heated; for large bodies, he obst^rves, 
pr^rve their heat the longest, their'parts heating each 
other: and why may not great, dense, and fixed bodies, 
wbm heated beyond a certain degree, emit light so copi¬ 
ously, as by the emitsionand reaction of h, and the reflec¬ 
tions and refractions of the rays within the pores, to grow 
Mill notlcr, till they arrivent that degree of heat which 
the sun is of? Thctr parts also may be further preserved 


from fuming away, not - nt> b\ ilu-ir fixiiv, b,,t U tf„. 
vast \\v:-lii and dviisuy <.l n.i-ir ..fiM.spht u’s ii,ciiii,[. m 
on them, thus strong!;. a,„| , . ,nd.-, 

the vapours and exbal..ti.ais .in.ing j,,.m il„n,. IU„ce 
wc see warm wat. r, in an c M.austed neewr. lo boil as 
\chemcnliy as the I,. n(,t u.itir exposed t.. thoair; the 
weight of the mcun,lent r.lnH..-[du r.. -l.is latier case 
keeping down the sap urs, and l.iim- nug ,1,-ebullition, 
till It lias acquired its utmost degr.e oi iuat bo also a 
mixture of tin and lea,I. put on a r.d-l,..i irninvacu- 
emits a lumeand flame; but the same mixture n, il.eop. li 
air, by reason of the incumbent atm..spb^ u-, dots imi emit 
the lesut sensible fl inie. 

Thus much for the system of the pinducibility of heat. 
On the other hand, M. Ilomberg, in his Es.ai du Souire 
I niicipe, holds, that the chemical principle or demerit, 
sulphur, nhich is supposed one of the simple, primary, 
pre-cxisient ingredients of all natural bodies, is real fire ; 

and consequently that fire is co-e\al with body. Jlom dc 
1 Acad. an. J 70a. 

Dr. GraNcsandc goes upon much the same principle. 
According to inm, fire enters the composition of all bodies, 
IS contained in all bodies, and may be separated or pro- 
cured from all bodies, by rubbing them against each other, 
and thus putting their fire in motion. But fire, he add,, 
IS by no means generated by such motion. Elem. Phys. 
tom. 2, cap. 1. Heat, in the hot body, he observes, is an 
agitation of the parts of the body, made by means of the 
nre contained in it; by such agitation a motion is pro¬ 
duced in our bodies, which excites the idea of heat in our 
minds: so that heat, in respect of us, is nothing but that 
Idea, and in the hot body nothing but motion. If such 
motion expel the fire in right lines', it may give us the idea 

o light; if III a various and irregular motion, only that 
of heat. ^ 

Lcmery, the younger, agr(x?s with these two authors, 
in asserting this absolute and ingcuenible nature of fire; 
but he extends it farther. Not contented with confining 
It Ob an clement to bodies, he endeavours to show^ that it 
IS equably diffused through all space; that it is present in 
all places, even in the void spaces between the bodies, as 
well as in the insensible interstices between their parts. 
And this lost sentiment falls in with that of Boerhaave 
above delivered. Mem. dc I’Acad. an. 17IJ. 

Philosophers have lately distinguished hent into abso¬ 
lute and sensible. By absolute heat, or fire, they mean 

it is in a certain do 
gree, excites in animats the sensation of heat; and by 

sepsiblc heat, the same power considered in its relation to 
the effects it produces: thus, two bodies arc said to have 
equal quantities of sensible heat, when they produce equal 
effects upon the mercury in the thermometer; but as bo¬ 
dies of different kinds have different capacities for con¬ 
taining heat, the absolute heat in such bodies will be dif¬ 
ferent, though thesensiblc heat be thesame. Thus, a pound 
of water and a pound of antimony, of the same tempera- 
lure, have equal sensible heat; but the former contains a 

than the latter. 

M. DcLuc has evinced, by a variety of experiments, that 
Ibo expansions of mercury between the freosing and boil¬ 
ing points of water, correspond precisely to the quantities 
of absolute heat applied, and that its contractions are 
proportionable to the diminution of this element within 
these limits. And hence it may be inferred, that if the 
mercury were to relaio its fluid form, its contractions would 
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lie |)rn|i(irttonable Jo ihc dccrcinciUs of tin- absolute- heat, 
though tlic diminution were continued to llic point of total 
pmaiion. Hut the comparative quantities of absolute licat, 
wliicli are communicated to difTerent bodies, or separated 
liont ilieiii, cannot be determined in a direct manner by the 
tliennoinetcr. 

Some philosophers have apprehended that the (|uantitics 
of absolute heat in bcjdics, arc in proportion to their dcn> 
sities. ^VIllle others, as Boerhaave, imagined that heat is 
equally (liHiiscd through all bodies, the densest as well as 
the rarest, and therefore that the quantities of heat in bo¬ 
dies, are in proportion to their bulk or magnitude; and, at 
ills desire, Fahrenheit attempted to determine the fact by 
e.\perinicnt. For this purpose, he took equal quantities 
of the same fluid, and gave them different degrees of heat; 
then upon mixing them intimately together, lie found that 
the temperature of tlie mixture was a just medium, or 
arithmetical mean, hetween the two. But if this experi¬ 
ment be made with water and mercury, in the same cir¬ 
cumstances, vi^, in equal bulks, the result will be dif¬ 
ferent, as the temperature of the mixture will not be a 
mean between the two, but always nearer to that of the 
water than to tlu- quicksilver; so that, when the water is 
the hotter, the temperature of the mixture is above the 
mean, and below it when the water is the colder. And 
from experiments of this kind it has been inferred, that the 
comparative quantities of the absoIuFe heats of these 
fluids, arc reciprocally proportional to the changes which 
ore produced in their sensible heats, when they are mi.xed 
together at difTerent temperatures: and this fact has been 
publicly taught, for several years, by Dr. Black and Dr. 
Irvine, in the universities of Edinburgh and Glasgow. This 
rule however docs not apply to those substances which, in 
mixture, excite sensible heat by chemical action. 

From the experiments and reasoning employed by Dr. 
Crawford, it more fully appears, that the quantities of ab¬ 
solute heat in different bodies, arc not as their densities; 
or that equal weights of heterogeneous substances, as air 
and water, having the same temperature, may contain un¬ 
equal quantities of absolute heat: he also shows, that if 
phlogiston be added to a body, a quantity of the absolute 
heat of that body will be extricated ; and if the phlo¬ 
giston be separated again, an equal quantity of heat 
will be absorbed. So that heat and phlogiston appear to 
be two opposite principles in nature. But this ingenious 
writer has not presumed absolutely to decide the question 
that lias been lung agitated, whether heat be a substance 
or a quality.—He inclines to the former opinion, however, 
and observes, that if wc adopt the opinion, that heat is a 
distinct substance, or on element sui generis, the pheno¬ 
mena will be found (o admit of a simple and obvious inter¬ 
pretation, and to be perfectly ngrccublo to the analogy of 
nature. Sec Crawford's Experiments and Observations on 
Animal Heat and the Inflammation of Combustible Bo¬ 
dies. Also Mr. Leslie’s ingenious treatise upon heat; 
Scliccle's Experiments on Air and Fire; Thomson’s Che¬ 
mistry, vol. 1; Boerhaave’s Chemistry; Davy’s E.ssays; 
Rumford’s Essays, &c; Hcrsclicrs in Phil. Trans.; several 
vols. ofthc Philos. Magazine, and in Nicholson's Journal. 

Animal Heat. The heat of animals is very various, 
both according to the diversity of their kinds, and the 
difference of the seasons : accordingly, zoologists havd di¬ 
vided them into hut and cold blooded, reckoning those to 
be hot that arc near or above our own temperature, and 
all others cold whose heat is below ours, and consequently 


affect us with the sense of cold; thus making the human 
species a medium between the hot and cold blooded ani- 
malv, or at least the lowest order of the hot blooded. 

The heal of the luiinan body, in its natural state, ac¬ 
cording to Dr. Boerhaave, is such as to raise the mercury 
in the thermometer to 92®or almost to 94®; and Dr.Pit- 
cairn makes the heat of the human skin the same. Indeed 
it is evident that different parts of the human body, and its 
different slates, as well as the different seasons, will make it 
show of different temperatures. Thus, by various experi¬ 
ments at different limes, the heat of the human body h 
made various by the following authors : 

Boerhaave and Pitcairn - . . _ g 2 '> 

Amontons .... 9L 92, or 93 
Sir Isaac Newton ..... 

Falirenhcit and Muschenbroek, the blood - 96 

Dr. Marline, ilie skin - - - 97 or 98 

.the urine * * * * 99 

Dr. Hales, the skin * - - - - 97 

. . . . the urine .... 103 

Mr. John Hunter, under bis tongue ’ -* 97 

.in his rectum - - 93^ 

.his urethra at 1 inch - 92 

at 2 inches • 93 

at 4 inches * 94 

the ball of the thermom. at the bulb of7 _ 
the urethra j ^ 

For the powers of animals to bear various degrees of 
heat, sec the Philos. Trans, vol. 65, 68, &c. There is 
hardly any subject of philosophical investigation that has 
afforded a greater variety of hypotheses, conjectures, and 
experiments, than the cause of animal heat. The first 
opinion which has very generally obtained, is, that the 
heat of animal bodies is owing to the attrition between the 
arteries and (he blood. All the observations and reason¬ 
ing brought in favour of this opinion however, only show 
that the heat and the motion of the arteries arc generally 
proportional to each other; without showing which is the 
cause, and which ihe effect; or indeed that either is the 
cause or effect of the other, since both may be the effects 
of some other cause. Dr. Douglas, in his Essay on the 
Generation of Heat in animals, ascribes it solely to the 
friction of (he globule^ of blond in their circulation through 
the capillary vessels. Another opinion is, that the lungs 
arc the fountain of heat in the human body; and this opi¬ 
nion is supported by much the same kind of arguments as 
the former, and seemingly to little better purpose. 

A third opinion is, that the cause of animal heat is 
owing to the action of the solid parts upon one another. 
And as (he heart and arteries have (he roost motion, it 
has been thought natural to expect that (he heat should 
be owing to this mutidn. But even this docs not seem very 
plausible, from the following considerations: 1st, The 
moving parts, however we term them solid, are neither 
hard nor dry; which two conditions arc absolutely re¬ 
quisite to make them fit,to generate boat by attrition. 2d, 
None of their motions arc swift enough to promise heat In 
this way. Sd, Tiiey have but little change of surface in 
their attritions. And 4thly, The moveable fibres have fat, 
mucilagc,or liquors every way surrounding them, to prevent 
their being de.stroycd, or heated by attrition. 

Another cause assigned for (he heat ofour bodies, is that 
process by which our aliment and fluids arc perpetually 
undergoing some alteration. And this opinion is chiefly 
supported by Dr. Stevenson, in the Edinburgh Medicu 
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Essays^ voh 5f art. 77* The late ingenious Dr. Franklin 
inclines Co this opinion, when he says, Chat the fluid 5re. 
as well as the fluid air, is attracted i by plants in their 
growth, and becomes consolidated with the other matcriaU 
of which they are formed, and makes a great part of their 
substance; that when they come to be digested, and to 
undergo a kind of fermentation in the vessels, part of the 
fire, as well as part of the air, recovers its fluid active state 
again, and difldses itself on the body digesting and sepa* 
rating it; 6cc. Exper. and Obs. on Electricity, pa. 3 +(). 

Dr. Mortimer thinks the heat of animals explicable from 
the phosphorus and air they contain. Phosphorus exists, 
at least in a dormant state, in animal fluids; and it is also 
known that they all contain air; it is therefore only nc* 
cessary to bring the phosphoreal and aerial particles into 
contact, and heat must of consequence be generated ; and 
were it not for the quantity of aqueous humours in ani¬ 
mals, fatal uccciidions would frequently happen. Philos. 
Trans. No. 476. ' 

Dr. Black supposes, that animal heat is generated en¬ 
tirely in the lungs, by tlie action of the air on the principle 
of inflammability, and is thence dilTused over the rest of 
the body by means of the circulation. But Dr. Leslie 
urges several arguments against this hypothesis, tending to 
show that it is n*pugnant to the known laws of the animal 
machine ; and he advances another hypothesis instead of 
it, viz, that the subtile principle by chemists termed pblo* 
giston, which enters into the composition of natural bo¬ 
dies, is in consequence of the action of the vascular system 
gradually evolved through every part of the animal ina- 
cliinc, and that during this evolution heat is generated. 
This opinion, hccandidly acknowledges, was first delivered 
by Dr. Duncan of Edinburgh; and that something simi¬ 
lar to it is to be found in Dr. Franklin's works, and in a 
poper of Dr. Mortimer's in the Philos. Trans. 

The last hypothesis we sliall mention, is the very plau¬ 
sible one of Dr. Crawford, lately published in his Experi¬ 
ments and Observations on Animal Heat. This ingenious 
gentleman has inferred, from a variety of experiments, 
that heat and phlogiston, so far from being connected, as 
most philosophers have imagined, net in some measure in 
opposition to each other. By the action of heat on bodies, 
the force of their attraction of phlogiston is diminished, and 
by the action of phlogiston, a part of their absolute heat is 
expelled. He has also demonstrated, that atmospherical 
air contains a greater quantity of absolute heat than the 
air which is expired from the lungs of animals: he makes 
the proportion ot the absolute heat of atmospherical air to 
that of fixed air, as 67 to 1; and the heat of dephlogisti- 
cated air to that of atmotphericai air, as 4*6 Ui 1; an<i 
observing that Dr. Priestley has proved, that the power of 
this depblogisticatcd air in supporting animal life, is 5 
times as great as that of atmospherical air, he concludes 
that the quantity of absolute heat contained in any kind 
of air fit for respiration, is very nearly in proportion to its 
purity, or to its power of supporting animal life; and since 
the air exhaled by respiration, is found to contain only 
the 67th part of the heat which was contained in the at¬ 
mospherical air, previous to inspiration, it is very reason¬ 
ably inferred, that the latter must ncccssariIy deposit a 
Tcry great proportion of its absolute heat in the lungs. Dr. 
Crawford has also shown, that the blood which passes 
from the lungs to the heart, by the pulmonary vein, con¬ 
tains more absolute beat than that wfaicli passes from the 
heart to the lungs, by the pulmonary artery; the abso- 
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lute heat of florid arterial blood bving to that of v(noiis 
blood, as lly to 10: therefore, since the blood which is 
returned by the pulmonary vein to the heart has the 
quantity of its absolute heat incfc;ist*d, it niu^t have ac¬ 
quired this beat in passage tlirough the lungs ; so that 
in the process of respirtuiou a quantity of absolute heal 
is separated from the air, and abscubed by the blood. Dr. 
Pricbilcy has also proved, (hut in respiration, phlogi^ton is 
separated from the blood, and combined with air. 

This theory however has been contested and disputed, 
and, it has been said, Dr. Crawford's eNperiiiuiiis repeated, 
with contrary results. Thougli no regular and systemati¬ 
cal theory has yet been formed in its stead* 

IIbat c/* Combustible and Injlnmmablt Hodies. Dr. 
Crawfords theory with respect to the inflammation of 
combustible bodies, is founded on the same principles as 
his doctrine concerning the heat of animals. Accordin'* 
to him, the heat which is produced by combustion, is 
deriveii from the air, and not from the inflammable body. 
Inflammable bodies, he says, abound with phlogiston, and 
contain little absolute heat; the atmosphere, on the con¬ 
trary, abounds with absolute heat, and contains little 
phlogiston. Ill the process of inflammation, the phlogiston 
is separated from tbe inflammable body, and combined 
with the air ; the air is phlugisticated, and aflords a great 
proportion of its absolute heat, which, when extricated 
suddenly, bursts forth into flame, and produces on intense 
degree of sensible heat. And since it appears by calcu¬ 
lation, that the heat produced by converting atmospherical 
into fixed air, is such, if it were not dissipated, as would 
be suflicient to raise the air so changed, to more than 12 
times the heat of red-hot iron, it follows, that in the pro¬ 
cess of inflammation a very great quantity of heat is de¬ 
rived from the air. But, on the contrary, no part of the 
heal can be derived from the combustible body; because 
this body, during the intlamination, btdng deprived of its 
phlogiston, undergoes a change similar to that of the 
blood by the process of respiration, in consequence of 
which its capacity for heat is increased ; and therefore it 
will not evolve any part of its absolute heat, but, like the 
blood in its passage through (he hibgs, it will absorb heat. 
A similar theory of heat has lately been published by Mr. 
Elliot. Sec bis Philosopbical Observations ou the senses 
of Vision and Hearing; to which is added an Essay on 
Combustion and Animal Heat,8vo, 1760. SccCALoniC, 
also Professor Leslie's late work on heat. 

Mr. Ezekiel Walker has given a neat account of the 
causes end inode of combustion, in the Philos. Magazine, 
V0K43, pa. 101, as follows. There arc very few bodies 
in nuttirc that do not contain either thermogen or photo¬ 
gen. All those bodies which are called combustibles, 
contain the element of light, which I call photogen, to 
avoid the use of ambiguous terms ; ond all tliose bodies 
which arc called supporters of combustion, contain the 
generator of heat, called thormogen for the same n'oson. 
These elements may be made to unite and produce com¬ 
bustion, or increase the temperature of bodies, by various 
means; as: Ist, by friction; 2d ly, ^y percussion ; 3dly, 
by pressure; 4lhly, by mixture; 3thly, by increase of 
temperature; and 6t|})y, by the functions of living animals 
and vegetables. 

Tbermogon nnd photogen in a condensed state, as in a 
charged Leyden jar, have so strong an attraction for each 
other, that they will pass through nny of those bodies 
called Conductors, to a very great distance, to be united. 
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But wlion ilicy arc tinitccl to pnnder.ille matter, they will 
remain nnx^'d lo^cihcr fur agt^ without prouucing any 
effect; but as soon as they are brought within a certain 
distance olcacU oilier, which may be called their striking 
distance, ur their spticrc ol action,either combustion takes 
jdace, or the temperature of the body, in w hich they meet, 
IS incrcasedT Tlie following explanations of sonic well* 
known experiments will tend to show the importance of a 
theory founded on facts, 

ExperitfuiU L In a memoir read to the National Insti¬ 
tute of Irunce, JVI. Biot announces (he important fact, 
that a mixture (jf hydrogen and oxygen gases may bo made 
to explode by mechanical compression only,independently 
of the electric s|)ark.— Ltp/onoiion, Oxygen and hydrogen 
gases w ould remain mixed together, hiruny length of time, 
withmil combining, the thcrniogen and photogen in them 
being kept at too great a distance by their bases; but, by 
mechanical compression only, they are forcc<l within their 
striking distance, and light un<l heat arc produced on the 
same ])rmci[>lcHs coinbusti<in is produced by discharging 
a Leyden Jar. 

Eiper^ 2. Take 6 grains of oxygenized muriate of pot¬ 
ass, and 3 grains of flour of sulphur, rub them together 
in a mortar, and a smart detonating noise will bo pro¬ 
duced, Continue to rub (he mixture hard, and the re¬ 
port will be frequently repeated, accompanied with vivid 
flashes oflight. If the same mixture be wrapped in paper, 
laid on an anvil, and smartly struck with a hammer, the 
cepori will be as loud as that of a pistol,— Eiphn. These 
experiments may be explained on the same principle as 
the last. The two ingredients, though mixed together, 
produced no effect until the tbermogen in one of them 
and the photogen in the other were forced into union, by 
friction or percussion. And on the same principle the 
effects of many other fulminating substances may be ex¬ 
plained. 

Eiper. 3. If an ounce of strong nitrous acid be mixed 
with about half its weight of sulphuric acid, and poured 
into a little oil of turpentine, the whole will immediately 
burst into flame,— Explan. The llicrmogen and photogen 
in these lluids coming immediately into cbntact, flame is 
produced, without any mechanical force or increase of 
temperature.—Now, from this experiment it appears im¬ 
possible (hat water can be a compound of oxygen and hy¬ 
drogen i for, (fit were, these two principles of combustion 
would burst into flame like the acid and the oil. But no 
pressure, no increase of temperature, nor any union with 
Combustible matter, can produce a single spark of fire 
from water. In short, nothing combustible is found in its 
comptisilion. 

£rpcr. 4, Combustion may also be generated by fric¬ 
tion. Two pieces of tiard wood, being smartly rubbed to¬ 
gether with great pressurc» will soon burst into flame,— 
EiplaiK The first increment of caloric, by friction, is ex¬ 
cited by a portion of the thermogen of the air being forced 
into union with the phutogen in the wood ; and by con¬ 
tinuing the operation, the temperature of the inflnmmoble 
principle of the wood is increased till flame is produced, 

Eipcr* 5. When a rod ofironislaid upon an anvil, and 
hammered with a quick succession of heavy strokes, it 
soon becomes red-hot. But it cannot be strongly heated 
a second time by the same means, unless it be first intro¬ 
duced into a ftre.—Explan. The first stroke of the ham¬ 
mer forces a small portion of the tbermogen of the air into 
contact with the phutogen of the metal, which generates 


the first increment of caloric; and by repeated strokes of 
the hammer the caloric is increased, till the rod becomes 
nd-hot. But thcphol<»gcn of the metal becomes exhausted 
by this means, and th< rifore cannot produce caloric a us 
coiid time, (ill it hiis recovered its combustible property 
in the fire.—The burning cT iron wire in oxygen gas in a 
brilliant manner shows how iron loses its phoiogcii, and 
becomes oxydized. 

Ejper. 6, Mr. Thomas Wedgwood has shown, that it has 
never yet been explained, how friction produces caloric. 
He look a piece of commt)n window-ghiss, end held the 
edge of it against the edge of a revolving grit-stone, when 
that part in contact with the stone became red-hot, and 
threw off hut particles which fired gunpowder, Thestone 
and the glass being both incoiiibusiible substances, it re¬ 
mains to be explained how caloric was produced.—£r- 
plan. It has belorc been shown, (hat (he electric machine 
creates nothing, but by friction only collects the two cle- 
incnis which produce caloric, from the earth and the at¬ 
mosphere. 1 hough (he stone and the gla^s, iu Mr, W.^s 
experiment, arc both incombustible, yet it is almost a 
self-evident conclusion, that they collect the two elements 
of caloric from t))c air and the earth by friction, in the 
same manner as the electric machine, 

Exper. 7* It is well known, that when flint and steel 
arc smartly .struck against each other, a spark always 
ensues, which is CHpublc of setting fire to tinder or to 
gunpowder. The spark in this cose, as was long since 
ascertained by Dr. H<iokcs is a small particle of the me¬ 
tal, which is struck off, and takes fire during its passage 
through the nir* This therefore, and all similar cases, 
belongs to the class of combustion. But light often ap- 
pcan when two bodies are struck against each other, when 
we arc certain that no such thing as combustion can hap¬ 
pen, because both the bodices arc incombustible. Thus, 
for instance, sparks are emitted when two quartz stones 
are struck smartly against each other,and light is emitted 
when they are rubbed against each other. Many other 
hard stones also emit sparks by such collisions.—If they 
be often made to emit sparksaboveashect of while paper, 
there are found upon it a number of small bbick bodies, 
somewhat like the v^s of flies. These bodies arc hard, 
but friable, and leave a black stain when rubbed on the 
paper. When viewed with a microscope, they seem to 
have been melted. Muriatic acid changes their colour (o 
u green, as it does that of lavas, Tlicsc substances evident¬ 
ly produced the sparks by being heuted n'd«hot,— Explm. 
It may first bo observed, that if the flint be moved over 
the stone very slowly, no spark is produced, nor will any 
spark appc;ir if the flint barely touch iho steel, though 
the velocity of the flint be (tte greatest possible: conse¬ 
quently, caloric cannot be produced by collision of fric¬ 
tion, but by velocity and pressure conjointly,—2dlyt By 
the collision of the flint and steel, the thermogen of the 
atmosphere is forced into union with (he photogen of the 
metal. The combination thus produced melts the mi¬ 
nute particles of steel, struck off by the flint, into small 
globules. That this metal contains the generator oflight 
is well known, by the burning of iron or steel wfre io 
oxygen gas.—Sparks aro emitted when two quarts stones 
arc struck smartly against each other under water; and 
Mr Kir\van eflirms, that sparks are produced by the col¬ 
lision of flint and steel under common spring water 
£rpcr. 8» From Count Bumford^s experiments it ap¬ 
pears, that by a moderate degree of friction, the same 
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piece of meta] afforded so much caloric underwater, 05 
10 keep it boiling.— Explan. This experiment may be e.\- 
plained on the same principle us the last. Water, being 
a better conductor of thermogen than atmospheric air, 
cannot prevent the production of caloric by the collision 
or friction of hard bodies. 

Heat.j/i Geography, is tliatwiuch relates to (heearth. 
There is a great variety in the heat of difTercnl place's and 
seasons. Naturalists hasc commonly assumed it as a (act, 
that the nearer any place is to the centre of the earth, the 
hotter it is found ; but this does not appear to hold strictly 
true. And if it were, the effect might be otherwise ac¬ 
counted for, ainl more sitisfactoriiy, than from their 
imagined central tire. 

Mr. Doyle, who had been at the bottom of some mines 
himself, with more probability suspects that this degree of 
beat, at least in some of them, may arise from the pecu¬ 
liar nature of the minerals there produced. And he in¬ 
stances a mineral of the vitriolic kind, dug up iii large 
quantities, in several parts of England, which, by the bare 
effusion of common water, will become so hot ns almost 
to take fire. To which may be added, that such places, 
in the bowels of the earth, usually feel hot, from the con¬ 
fined and stagnant state of the air in them, in which the 
heat is retained, for want of a current or change of air to 
carry the heat off. 

On the other hand, on ascending high mountains, the 
air feels more and more cold and prercing. Thus, the 
tops of the Pike of Tencriffc, the Alps, and several other 
mountains, even in the most sultry countries, arc found 
always invested with snow ami ice, which the beat is never 
sufficient to thaw. In some of the mountains of Peru there 
IS no such thing as running water, but all ice: plants 
vegetate a little about the bottom of the mountains, but 
near the top no vegetable can live, for the intcnsencss of the 
cold. This effect is attributed to the thinness of the air, 
and the little surface of the earth there is to reflect the rays, 
as well as the great distance of the general surface of the 
earth which reflects (he rays back into the atmosphere. 

As to' the diversity in the licat of different climes and 
seasons, it arises from the different angles under which 
the sun’s rays strike upon the surface of the earth. In the 
Philos. Trans. Abr. vul. D, p.57fi, Dr. Halley has given a 
computation of this heat, on the principle, that the simple 
action of the sun's rays, like other impulses or strokes, 
is more or less forcible, according to the sines of tjic angles 
of incidence, or to the sines of the sun’s altitudes, at dif¬ 
ferent times or places. 

Hence it follows, that the time of continuance, or the 
sun's shining on any place, being taken for a basis, and 
the sines of the sun's altitudes perpendicularly erected 
upon it, and a curve line drown through the extremities 
of those perpendiculars, the area thus comprehended will 
be proportional to the collection of all the heat of the 
sun’s beams in that period of time. 

Hence it will likewise follow, that at the pole, the col¬ 
lection of all the heat of u tropical day, is proponioDal to 
the rectangle or product of the sine of i23i degrees into 
24 hours, or the circumference of a circle, or as into 
12 hours, the sine of 23} degrees being nearly of ra¬ 
dius. Or the polar heat will be equal to that of the sun 
Continuing 12 hours above the horizon at 53 degrees 
height; and the sun is not 5 hours more devoted than 
this under the equinoctial. 

But as it is the nature of beat to remaip in the subject. 
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after the luminary is removed, and particularly in the 
air, under the cquinociKil, the 12 hours absence of the 
sun abates but little from the effect of his heat in the day ; 
but under the pole, the long absence of the sun for 6' 
months has so chilled the air, that it is in a manner frozen, 
and after the sun has risen upon the pole ai’ain, it is loiw 
be fore his beams can make any unpressioii, being oIk 
siructcd by thick cloudsand fogs. ° 

From the foregoing principle Dr. Halley computes the 
following table, exhibiting the htat to every lOth degree 
of latitude, for the equinoctial and tropical sun, and fTom 
which an estimate may easily be made lor the iiiiei mediate' 
degrees. 


Lduiudc. 

1 

Sign 

ihftt tht Sun 

%% ifi« 

or ^ 

S 

yr 

1 

0 

20000 

18341 

18341 

10 

19696' 

20296 

15834 

20 

1S794 

21737 

13166 

30 

17321 

22651 

10124 

40 

15321 

• 23048 

6944 

50 

12855 

22991 

V 3798 

fio 

10000 

22773 

1075 

70 

6840 

23543 

.0 

SO 

3473 

24673 

0 

90 

0 

25055 

0 


From the same principle's, and table, also arc deduced 
the following corollarie-s, viz, 

1, I hat the equatorial heat, when the sun becomes ver¬ 
tical, is as twice the square of the radius.—2, That at the 
equator the heat is as the sine of the sun's declination._ 

3. i hat in the frigid zones, when the sun sets not, the 
heal is as the circumference of a circle into ihesinc of the 
altitude at 6; And consequently, that in the same lati¬ 
tude, these aggregates of heat arc as the sines of the sun's 
declination ; and at the same declination of the sun, they 
are as the sines of the latitudes; and generally they arc as 
the sines of the latitudes into the sines of declination.— 

4, 'lliat the cquiitoriul day's heat is every where as the 
cosine of the latitude.— 5, In all places where the sun sets, 
the difference between the summer and winter beats, when 
the declinulions are contrary, is equal to a circle into the 
sine of the altitude at 6, in the summer purollel; and 
consequently those differences are as the rectangles of the 
sines of the latitude and declinations.—6, The tropical 
sun has the least force of any at the equator; and at the 
pole it is greatest of all. 

Many objections have been urged against this theory of 
Dr. Halley. Some have insisted, that the cflcct of the 
sun’s heal is not in the simple, but in the duplicate ratio 
of the sines of the angles of incidence ; like the law of the 
impulse of fluids. And indeed, the quantiiy of the sun’s 
direct rays received at any place, being evidently as tlio' 
sine of the angle of incidence, or of the sun’s altitude, 
the heat be also |)ro[>or(ir>iia] to the force With which a 
ruy strikes, like the niechanical action or iinpuEe of any 
body, then it vvill lollow (hut the heat must be in the 
compound ratio oi both, that is, ns the square of the sine 
of the sun s altitude. _ Dut this last jirinciplo is here only 
turned gratis, os we do not know a priori tliut the heat 
is proportional to the force of n striking body; and it is 
only experiment that can determine this point. 

It is certain that heat communicated by the sun to bo* 
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d'i« on iho «nith, (icpinds also much upon olhcr circum¬ 
stances bcsiik- the direct force of his rays. These must 
be modified by «ur atmosphere, and variously reflected 
and combined by the action of the earth’s surface itscU, 
lo produce any remarkable effects of heat. So that, if it 
wore not for these additional circumstances, it is probable 
the nakc<l heat of the sun would not be very sensible. 

Ur. Halley liimselfwas well apprised, that many other 
circumstances, besides the direct force of the sun s rays, 
contributed lo augment or diminish the effect of this, and 
the heal resulting from it, in diflerciit climates; and there¬ 
fore no calculation, formed on the preceding theory, can 
be supposed to correspond exactly with observation and 
e.'tpenment. It has also been objected that, according to 
the foregoing theory, the greatest heal in the same place, 
should be at the summer solstice, ami the most c.xlrcme 
cold at the winter solstice; which is contrary to exp^ 
rieiice. To this objection it may be replied, that heal is 
not produced in bodies by the sun iiistaiitancously, nor 
do the effects of his heat cease immediately when bis rays 
are wittidrawii; and therefore those parts which are once 
healed, retain the heat for some time; which, with the ad- 
ditional heal daily imparted, makes it continue to increase, 
though the sun declines from us: and this the reason 
why July is hotter than June, though the sun has with¬ 
drawn from the summer tropic: as we also find it is gene¬ 
rally hotter at one, two, or three in the afternoon, when 
the sun has declined towards the west* than at noon, when 
he is on the meridian* As long us the heating particles, 
which are constantly received, arc more numerous than 
those which fly away or lose their force, the heut of bodies 
must continually increase. So, after the sun has left the 
tropic, the number of particles, which heat our atmo- 
sphere and earth, constantly increases, because we receive 
more in the day than we lose at night, and therefore our 
heal n^ust also increase. But as the days decrease again, 
and the action of the sun becomes weaker, more particles 
will be dispersed in the night than are received in the day, 
by which means the earth and air will gradually cool. 
Further, those places which arc well cooled, require time 
to be heated again; and therefore January is mostly colder 
than December, though the sun has withdrawn from the 
winter tropic, and begun lo emit bis rays more directly 
upon us« 

But the chief cause of the difference between the heat 
of summer and winter is, that in summer the rays fall more 
directly, and pass through a less dense part of the atmo¬ 
sphere; and therefore with greater force, or at least in 
greater number in the same place: and besides, by their 
long continuance, a much greater degree of heal is im¬ 
parted by day than can be dispersed by night. For the 
calculations and opinions of several other philosophers 
on this head, see KcilTs Astron. Lcct. 8i Ferguson's As- 
iron. chap. 10; Long’s Astron. § 777 i Memo. Acad. 
Scienc. 171.9* 

As to the temperature or heat of-our atmosphere, it 
may be observed that the meredry spldom falls under 
in Febrenheit’s thermometer} but we arc apt to reckon it 
very cold at 24®, and it continues chilly to 40® and a little 
above* However, such colds have been often known to 
reduce it down to 0®, the beginning of the scale, or nearly 
the cold produced by a mixture of snow and salt, often 
near it, and in some places below it. Thus, thcdegrccof 
the thermometer has been observed ot various times and 
places as follows: 
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Yar 

Thanwm. ' 

40® (f 

1732 

5® 

48 50 

1709 & 1710 

B 

52 10 

1729 

5 

52 8 


4 

51 31 

1709 & 1710 

0 

55 43 

1709 

O 

59 56 

1732 

“1 

59 56 


—28 

65 51 

1736-7 

—33 

52 24 

1775 

“37 

temperature 

of our atmosphere is about 


PIkm 

Pcnsylvania 

Paris 

Leyden 

Utrecht 

London 

Copenhagen 

Upsal 

Petersburg 

Tornco 

Hudson’s Bay 


, OCJiig a iitvuiuiii ojb 4uv & iciilii 

make it somewhat higher, reckoning it equal to the cave 
of their royal observatory, or 53®. In cold countries, the 
air is foQnd agreeable enough to the inhabitants while it 
is between 40 and 50®. But in our climate we are best 
pleased with the heat of the air from 50 to 60®; while in 
the hot countries the air is generally at a medium about 
70®. With us, the air is not reckoned warm till it arrives 
about C4®, and it is very warm and sultry at 80®. It is 
to be noted that the foregoing observations arc to be under¬ 
stood of the state of the air in the shade; for as to the 
heal of bodies acted on by the direct rays of the sun, it is 
much greater: thus. Dr. Marline found dry earth heated 
to above 120®; but Dr. Hales found a very hot sun-shine 
heat in 1727 to be about 140®; and Muschcnbrock once 
observed it so high as 150®; but at Montpelier the sun 
was so very hot, on one day in the year 1705, as to raise 
M. Amontons' thermometer lo the mark of boiling water 
itself, which is our 212®. (See Temperature of the Atmo¬ 
sphere under the article Atmosphere.) 

It appears from the register of the thermometer kept at 
London by Dr. Heberden for 9 years, viz, from the end of 
1763 to the end of 1772, that the mean heat at 6 in the 
morning was 47®*4; and by another register kept at Hawk- 
hill near Edinburgh, that the moan heat in that plac^ du¬ 
ring the same period of time, was 46®. Also by registers 
kept in London and at Hawkhill, for the three yearn 1772, 
1773, 1774, it appears, that the mean heat of these three 
years in London, at 8 in the morning, was 48®'5, and at 
2 in the afternoon 56®, but the mean of both morning and 
afternoon 52®-2 ; while the mean heal at Hawkhill for the 
same time, 

at 8 in the monmigwas 45 '4 

and at 2 in the uficrnoon 50*1 
and the mean of both 47*7* 

The mean heal of springs near Edinburgh is found lo be 
about 47®, and at London 51®. Philos. Trans, vol. 65, 
art 44* 

Lastly, from the mctcorologicalOournals of the Royal 
Society, published in the Philos. Trans, it appears that the 
mean heights of the thermometer, for the whole years, 
kept without and within the house, arc as below: 

r .. . nm ttrv.t.' 


Them]. Without 

Therm. Within 

For 1775 - 51*5 • 

- 52*7 

1776 - 511 - 

- 52*9 

1777 ■ 51*0 - 

- 53*0 

1778 - 520 - 

- 53*1 

mean of all • 51*4 - 

- 52*9 


Heat, Latent, is insensible, tjoriccalcd, dormant as it 

were* * 

HEAVEN, an azure transparent orb investing our 

earth, where the celestial bodies perform their motions. It, 

is of divers denominations, as the highest or empyrean 
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honvcn, the ctbftal or starry heavon> tlic planetary hea* 
ven, &c. Formerly the heavens were considered as solid 
lubstanccsi or else as spaces full of bolid maiter; but 
Newtun lias abundantly shun n that the heavens are void of 
almost all resistance; atui consequently of almost all mat* 
ter: this he provi's from the phenomena of the celestial 
bodies; from the planets persisting in their motions^ with¬ 
out, any sensible diminution of their velocity; and the 
comeu freely passing in all directions towards all parts of 
the heavens. Ilt'aven, taken in this goniTal $cnse» or the 
whole expanse between our earth and the remotest regions 
of the fixed stars; may be divided into two very unequal 
parts, according to the matter occupying them; viz, the 
atmosphere or acreal heaven, occupied by air; and the 
ethereal heaven, possessed by a thin and unresisting me¬ 
dium, called ether. 

Heaven is more particularly used, in Astronomy, fur 
an orb, or circular region, of the eibereal heaven. 

The luicient astronomers assumed as many different 
heavens as they observed different celestial motions. Ail 
these they made solid, thinking they could not othei^visc 
sustain the bodies fixed in them ; and of a spherical form, 
as being the most proper for motion. Thus they had seven 
heavens for the seven pluneis; viz, the heavens of the 

MooijjMercury, Venus,the Sun, Mars, Jupiter,and Saturn. 

The Sth^was for the fixed stars, which they particularly 
colled the firmament. Ptolemy added a 9th heaven, which 
he called the primum mobile* After him two crystalline 
heavens were added by King Alphonsus, &c, to accoun^ 
for some irregularities in the motions'of the other heavens. 
And lastly an empyrean heaven was drawn over the whole 
for the residence of the Deity; which made the number 12. 
But some admitted many other heavens, according as their 
different views and hypotheses required. Eudoxus sup¬ 
posed 23, Calippus 30, Regiomontanus 33, Aristotle 47> 
and Fracastor no less than The astronomers however 
did not much concern themselves whether the heavens 
they thus allowed, were real or not; provided they served 
a purpose in accounting for any of the celestial motiousj 
and agreed with the phenomena. 

heaviness, the same os Gravity, which sec. 

Heavy bodies do not tend precisely to the very centre of 
the earth, except at the poles and the equator, on ac¬ 
count of the spheroidal figure of the earth; ibcirdirection 
being every where perpendicular to the surface of the 
spheroid. 

HEGIRA, a term in Chronology, signifying the epoch, 
or account of timC| used by the Mahomedans, who begin 
their computation from the day that Mahomet was forced 
to make his escape from the city of Mecca, which happen¬ 
ed on Friday the l6th of July 622. 

The years of the hcgira arc lunar ones, consisting only 
of 354 days. Heoce, to reduce these years to the Julian 
calendar, that is, to find what Julian year a given year of 
the hegira answers to; reduce ihe year of the hegira into 
days, by multiplying by 354, divide the product by 365}, 
and to the quotient add 622> the year the hegira com¬ 
menced. 

HEIGHT# the third dimension of a body, considered 
with regard to its elevation above the ground; or any di¬ 
stance above the earth^s suriacc, &c. 

Heioht# (if aJlgurCf the same as its altitude, being the 
perpendicular from its vertex to the base. * 

HLioutf (ifiAcpoU,&c* 

Voi.. I, 
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IIlvLlACAL, somclhing relating to the sun. Thns^ 

lli.LiACAr litaing, of a star or pl;in«*t. is when Jt ris#»i 
WMh, ur at iIk- saint- lime as, the ^un. And he liacal set¬ 
ting, the same a:» the netting with the van. Or, a star 
hehaculls, when, after it has been in conjunction 
Willi the sill), und so iinisible, it g* ts at such a distance 
from him, as to be seen in the inotning bclorc the sun's 
rising. And it is said lo set hcliacallv, w lu n it approaches 
so*near the sun as to be hid by his btanis. So that, in 
strictnois, the heliacal rising and setting are only an appa¬ 
rition and occultation. 

IIELICE 3JaJor and Minor tbc same as Ur^a Major 
and Minor. 

HELICOI I) Parabolaf or the Parabolic Spiral^ is a curve 
arising from the supposition that the common or Apollo¬ 
nian parabola is bent or twisted, til! the axis come into 
tbc periphery of a circle, the ordinate still retaining their 
places and pcrp< ndicular positions with resjicet to the cir¬ 
cle, all these lines still remaining in tbc same plane. Thus, 
the axis of a parabola being 
bent into the circumfer¬ 
ence bcdm, and the ordi¬ 
nates CF, DG, still per¬ 
pendicular to it, (ben the 
parabola itself, passing 
through the extremities of 
theonlinatcs, is twisted into 
tbc curve bfo, called 
the Helicoid, or Furabolic 
Spiral. Hence it is evident 
that all thcordinatcscF, do, 

&c, tend to the centre of the circle, being perpendicular to 
the circumference.—Also, the equation of the curve n*- 
mains the same as when it was a parabola; viz, putting 
X = any circular absciss BC, and y s cf the correspond¬ 
ing ordinate, then is px = y*, where p is the parumaler of 
tbc parabola. 

HELIOCENTRIC Place qf a Planet, is the place in 
which a planet would appear to be when viewed from 
the sun ; or the point of the ecliptic, in which a planet 
viewed from the sun would appear to be. And therefore 
the heliocentric place coiucidi.^ with the longitude of a 
planet viewed from the sun. 

Heliocentric Latitude qf a Planet^ is the inclination 
of the line drawn between the centre of the sun and the 
centre of a planer, to the plane of the ecliptic. The 
greatest heliocentric la'titudeis equal to'ihe inclination of 
the planet's orbit lo the plane of the ecliptic. 

HELIOCOMETE, Comet of tbc Sun, a phenomenon 
sometimes observed at the setting of the sun; thus deno¬ 
minated by Sturmiusand Pylon, who had seen it, because 
it seems to make a comet of the sun, being a large tail, 
or column of light, fixed or attached to that luminary, 
and dragging after it, at its setting, like the tail of n comet* 

HBLIOME'FER, or Asthometkr ; an instrument for 
measuring, with particular exactness, the diameters of 
the suo, moon, and stars.—This instrument was invented 
by M. Bougucr in 1747* and is a kind of telescope, con¬ 
sisting of two objeci«glasscs of equal focal distance, placed 
by the side of each other, so that the same eye-glass 
serves for both* The tube of ibis instrument is of a co¬ 
nical form, larger at the upper end, which receives the 
two object-glasses, than at the lower, which is furnished 
with an eye-glass and micrometer. . By the construction 
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cfiliis instrunu-ia, two distinct images of an object arc 
iornicd in lliv locus of tlic cj t-glass, whose distance, de- 
pcinlinu on that of the two object-glasses from each other, 
inav be mciMiretl witii gnat accuracy. Mem. Acad. Sci. 
I74S. Mr. Ir^. rvingtou Savery discovered a similar me- 
tliorl of impio'ijig tiic micromeler, which was conimuni* 
fated to (lie Royal Si'ciety in 1743. 

liEI.I0i>C01’E, II kind of telescope peculiarly ailapled 
for MOW iiig am! obs'-i ving ilicsuu without hurting the eye. 
'riierc arc various kinds of this instrument, usually made 
by einjiloying coloured glass lor the object- or eye-glass, or 
both; and sometimes only using nii eye-glass blackened 
by holding it over the sm<ikc or flame of a lamp or candle, 
which is Huygens’s way. See Dr. Hooke’s treatise on 
Ilelioscoiies. 

HELlOSTA'r.A, an instrument invented by Dr. Grave- 
sandc, and so called from its property of fixing the sun* 
beam in one position, viz, in a horizontal direction across 
the dark chamber wnile it is used. See Gravesandc’s Phy- 
sices Element. Malhematica, tom. 2, pa. 716, ed.Stia, 
1742, for an account of the principles, construction and 
use of this instrument. 

HELISPHERICAL Line, is the rhumb-line in naviga¬ 
tion ; being so called, because on the globe it winds round 
the pole heliacally or spirally, approaching always nearer 
and nearer to it. 

HELIX, a spiral line. Sec Spiral. 

HEMICVCLE, in Architecture, a term applied to se¬ 
micircular vaults. 

HEMISPHERE, the half of a sphere or globe, when 
divided in two by a plane passing through its centre. 

Hemisphere, in Astronomy, is particularly used for 
one half of the mundane sphere. 'I'he equator divides 
the sphere into two equal parts, culled the northern and 
Southern hemispheres. The horizon also divides the sphere 
into two equal parts, called the upper and lower hcini- 
spheres. 

Hemisphere is also used for a map or projection of half 
the terrestrial globe, or of half the celestial sphere, on a 
plane; being more frequently called a planisphere, 'ihe 
centre of gravity of a hemisphere, is fivc-cightlis of the 
radius distant from the vertex. A hemisphere unites 
the parallel rays at the distance of four*thirds of a dia¬ 
meter from the pole of the glass. 

Hemisphehes qf Magdeburgh, two brass concave he¬ 
mispheres, one of which is furnished with a cock, by which 
_^it may be adjusted to the air-pump. The other hasa ring 
Rt the middle of its conve.xity, by means of which it may 
be suspended. When these two hemispheres arc placed 
together, the air is drawn from within through the me¬ 
dium of the cock by the mechanism of the air-pump; and 
then, the exhaustion being carried far enough, and the 
cock turned to prevent the admission of air from without, 
a considerable force is rc(|uisitc to separate the hemi¬ 
spheres; the force varying with their gn-at circle.This fur¬ 
nishes an cosy and obvious method of proving the pressure 
of the air. Otto Gueriche, the inventor of the air-pump, to 
whom also is due this invention, made hemispheres of about 
a foot radius, and found that the atmospheric pressure on 
them was equivalent to about 5400 pounds. 

HEMISPHEROIDAL, in Geometry, something that 
approaches to the 6gurc of a hemisphere, but is not 
justly so. 

HBMITONE, in Music, a half note, or semi-tone. 
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HENDECAGON, a figure of eleven ^les, or the En- 
decagon; which sec. 

HENIQCHAS, or Hekiociius, a northern constel¬ 
lation, the same as Auriga, which sec. 

H EFl'AGON, in Geometry, a figure of seven sides and 
seven angles.—When (hose sides and angles are all equal, 
the hcpiagon is said to be regular, otherwise it is irregu¬ 
lar.—In a regular heptagon, the angle 
c at the centre is = 51°^, the angle 
DAB of the polygon is 128*’7, and 
its half CAB := 64°f. Alsu the area 
is the square of the side ab* x 
3'6339124or == ab* x ^ t , where t is 
the tangent of the angle cab of 64°-^ 
to the radius 1; or r is the root of 
the equation ; 

—26‘<*® + 1431' - 245t« + 143I» -26<* -i- 1 =0;or 
,i -+- !■ 1 -i- v'f' — v’) y L 

V,_J. y — 

the value of x and y are the roots of the equations 

/-iy+ l3^’-*=0. 

See my Mensuratiem, pa. 8u, 4th edition. 

H EFTAOON, in Furtification, a place fortified or strength¬ 
ened with seven bastions for its defence. 

H EFT AGON A L Num6er4, area kind of polygonal num¬ 
bers in which the difference of the terms of the corre- 
spondiug arithmetical progression is 5. Thus, 

Arlthmeiicals, 1, 6, 11, iff, 21, Sff, &c. 

• Ueptagonals, 1, 7, 18, 34, 55, 81, &c; 

where the hcptagonals arc.formed by adding continually 
the terms of the arithmeticals, above them, whose common 
diflerence is 5.—One property, among many othen, of 
these bcptagonal numbers is, that if any one of them be 
multiplied by 40, and to the product be added 9,1^6 sum 
will bo a square number. 

Thus I X 40 -f 9 = 49 = 7*; 

and 7 X 40 -f 9 = 289= 17*; 

and 18 X 40 -I- 9 = 729 = 27*; 

and 34 X 40 -•- 9 ss 1369 = 37*; &c. 

Where it is remarkable that the series of squares so formed 
is 7*, 17% 27*, 37*, &c, the common difference ofwhose 
roots is 10, the double of the common difference of the 
arithmetical scries, from which the heplagonais are formed. 
—See PolYgokals. 

HEPTANGULAR Figure, in Geometry, is one that 
has seven angles; and therefore also seven sides, 

HERCULES, in Astronomy, a constellation of the 
northern hemisphere, and one of the 48 old constellations 
mentioned by ancicol writers. The stars in this constel¬ 
lation, in Ptolemy's catalogue,arc29; in Tycho’s, 28; and 
in the Britannic catalogue, 113. 

HERISSON, in Fortification, a beam armed with iron 
spikes, having their points turned outward. It is sup¬ 
ported in the middle by a stake, having a pivot on which 
It turns; and serves as a barrier to block up a passage.— 
Hcrissons are frequenUy placed before gates, especially 
the posterns of a town or fortress, to secure thqse pvsaget 
which must of necessity he often opened. 

HERMANN (James), a learned matbcraaUcian of the 
Academy of Berlin, and member of the Academy of Sci¬ 
ences at Paris, was born at Basil in lt>78. He was agreal 
traveller; and for 6 years was professor of mathematics at 
Padua. He afterwards went to Russia, being invited ibi- 
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thcr by the Czar in I724» as well as his compatriot Daniel 
Dcrnoulli* On bis return to his native country, he was* 
appointed professor of morulny an<l nuturai U\v at Bnvil; 
where he 4lie(l in 1733, at o5 years ol agi*. liexinann 
w rote Severn! mathf niaitcul arul philosophical puxis, in 
the Memoirs of diHcit'iit Acmicinies, ami els« w l.eie ; but 
his principal work, is the Phoronoiniui or two Bonks on 
the Forces and Motions of both Solid niul Fluid Frodirs; 
4to, a very Ir'arned work on the new iiiutlieinatical 

physics, 

liKRMETIC, or Hekmetical Art, a name given to 
chemistry, on a supposuion that llennes iYibiuegistus was 
its inventor, 

HJiRMETir*AL PAt7o5opAy, is that which undertakes 
to solve and e.vplain all the phenomena of nature, from 
the three chemical principles, suit, sulphur, aiui mercury, 
A considerable addition was imulo to the aticierit heriiie- 
tical philosophy, by tlic moilerti doctrineofalkuli and acid. 

HermetiCal Seal^ or Ihrynctical Scalings a njunnerof 
stopping or closing glass vessels, for chemical and other 
operations, so very closely, tliat no substance can possibly 
exhale or esenpe* This is usually done by heating the 
neck of the vessel in the dame ota lamp, with a blow •pipe, 
till it be ready to melt, and then with a pair of hot pincers 
twisting it close together, 

HERO, or llcuoK, the name of two celebrated innthc* 
inaticians of the Alexandrian school, under Ptolemy Euer* 
getes ii;onc called the eldcr^ who wrote a very ingenious 
treatise on various pneumatics and hydraulic machines, 
translated into Latin, and published in several editions and 
forms, since the invention of printing; first a very elegant 
edition by Commandine, in 4to, 1583, entitled Ilcronis 
Alexandrini Spiritalium Liber, To this w^ts added Qua- 
. tuor Thoromata Spirilalia, by Joan. Bapt. Aleotti; trans¬ 
lated from Italian into Latin ; Amsterdam, 1680, in 4to, 
The other, called the younger, under the Emperor Hera-, 
ejius, left a Treatise on Mechanics and Mensuration, pub¬ 
lished in I^tin, at Venice, 1572,in4to, entitled Heronis 
Mcchanici, liber dc MacMnis BclUcis, nec non liber dc 
Geoda^sia, A Francisco Barocia, polritio Venelo lalini- 
tatc demati, multis mendis expurgati, ct figuris, ac scho- 
liis illustrati. 

HERSCHEL. SccUrakvs. 

Heesciiel's TeUscope^ a curious one made by that 
astronomer, being a reflecting one, and the largest ever 
constructed, 40 feet in length. The figure of it is exhi¬ 
bited in plate XV, and thodescription as follows, abridged 
from the Philos. Trans, vol. 85, or from my Abridg. vol. 
17, pa. 593. 

The telescope is placed in a situation due north and 
south, and the plOT delineates the whole apparatus as 
seen by a person placed at a convenient distance from it 
towards the south-west. From this view the structure is 
suflficiently understood ; and with very little attention, the 
mode of pointing this immense body to any part of the 
heavens, will be clearly seen. We shall treat of the chief 
parts in their order; and first, of the tube itself. 

Thb lube is made of rolled or sheet iron, joined tog^ 
thcr without rivets, by a seaming similar to that which is 
used for iron funnels for stoves; the thickness of the sheets 
is somewhat less than a 36ch part of an inch, or it may 
be found more accurately by t^itig a square foot of it at 
the weight of 14 pounds. Great carp was taken in so 
joining together the plates, of which the tube is composed, 


that the cvliodrical form should be secured, and the 11 the 
whole was coaic<1 over three or four times with paint, in^ 
bi<le and mil^ide, to secure ii against tlie damp. Tlie tube 
was foniicd at a slu>rl distance from its prese nt place, and 
reirovvd with gnat ease 24 men, divided into six sots; 
so that two nun i n iucli side-, with a pole of 5 fici long in 
their hands, to winch wasallixed a piicv coarse clofli, 
7 feet long, g<dng under the tuLo, aiul paiu d to a pole of 
5 feel long, in the hands of i.\o otlur assisted in 

carrying ihc tube. The Ir-ngib of llu* tube is 39 feet 4 
inches, the diameter 4 feet 10 inches; and upon a mo¬ 
derate coinpuiution it is supposed that a wooden lube for 
the same purpose would have cwcccdcd this in wtight bv 
at least 3000 pounds. The length of the iiun |>l..le fornw 
ing the lube, and ci^mposed of smaller ono 3 feet jO inches 
long, and :Z3i inches broad; is nearly 40 feet, and the 
breadth 15 feet 4 inches. 

The great mirror which, by proper methods, was brouata 
to the lower part of the tube, is made of metal, 49^ inches 
in diameter ; but the concave |>art, or polished surface, is 
only 48 inches in diameter. Its thickness is Sj inches ; 
and when it came from the cast, its weight was 21IH 
pounds, of which a small quantity mu.'>t have been lost in 
polishing. An iron ring, 49{ inclies in diameter within, 
4 inches broad, and \\ inch thick, with thice strong 
handles to it, goes round the mirror, and a flat cover of 
tin is made to correspond with this ring, that the mirror 
may be preserved from damp; and, by an easy contri¬ 
vance, it is token ofl* and fixed on at pleasure. 

At the upper end the tube isopen, and directed to the 
part of the heavens intended for observation, to which the 
observer's back is turned, and he, standing on the foot¬ 
board visible in the plate, looks down the tube, and per- 
ceives the object by rays reflected from the great mirror, 
through the eye-glass at the opening of the tube. Near 
the place of the cyc-gluvs is the end cf a tin pipe, into 
which a mouth-piece may hv placed; so that, during an 
observation, a person may direct his voice into this pipe, 
while his eye is at the glass. This pipe is !{ inch in dia¬ 
meter; runs down to tbe bottom ol'thc lube, where it goes 
into a turning joint, thence into a drawing tube, and out 
of this into another turning joint, from which it proceeds 
by a Set of sliding iub6s towards the front of the foundation 
timber. The use of this tube is to conve)|^ho voice of 
the observer to his assistants; for at the bisS)|]ace it di¬ 
vides itself into two branches, one going into the observa- 
lory, the other into the workman’s room, ascending into 
both places through the floor, and being terminated in the 
usual shape of speaking-trumpets. 'I'hough the voice 
passes in this manner through a lube with many inflec* 
lions, and not less thon 115 feet, it requires very little 
exertion to be well understood. 

To direct so immense a body to any part of the heavens 
at pleasure, much ingenuity, and many mechanical con¬ 
trivances arc evidently necessary, I'hc whole apparatus 
rests upon rollers, and care was previously taken of the 
foundation in Ihc ground. This consists of concontrical 
circular brick woDs, the outermost 42 feet, the innermost 
21 feet in diameter; 2 feet 6 inches deep underground ; 
2 feet 3 inches broad at bottom, and 1 foot 2 inches at 
tbe top, capped iMth paving-stones, about 3 inches thick, 
and 12^ inches broad, lu the centi'o is a large post of 
oak, framed together with braces underground, and walled 
fast with brick-work, to make it steady. Round this 
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ccntri-. ihr wliulo frame is moved liorizonJally, by means 
of ‘20 r»‘llcr«, 12 upon the ouu-r. and 8 upon tlic inner wall. 

I’lie vertical nioiiuii is giM-ii to tlie telescope by means 
oJ ropes and pulleys as sc< n in (lie plate, passing over tlic 
main-bi am, supported tiy the lad«lcis. '1 hesc ladders arc 
in length 4JJ Uei '2 inclics; and there is a moveable gal¬ 
lery with 'J-f ndlers to case its motion. The small stair¬ 
case, visible in the plulc, is intended for persons wlio wish 
to asce nd int i the gallery, without being obliged to go up 
the ladder. 'I'lie ease with which the horizontal and vor¬ 
tical motions may be comniuiiicatt d to the tube, will be 
best conctived frtim a remark 'if Dr. Ilerscliel’s, that, in 
the year IT'S}), he several times observed Saturn two or 
three hours before and after its meridional passage, with 
one single person to continue, at his directions, the ne¬ 
cessary iioiizonlal and vertical motions. 

Upon the platform arc visible two rooms, the one called 
the Observatory, 8 feet 5 inches by 5 feet 3 inches, the 
Ollier called the Wutking-rooin, 6 teet 6 inches by 4 feet 
S inches. 'I'o (lersoiis in these rooms, as has been above 
remarked, the observer can give his directions by means 
of the spe.ikiiig-pipes; and in the rooms may be placed 
things commonly used in an observatory. 

From a view of tlie jilatc and the description thus given 
of it, the reader will form a competent idea of an instru¬ 
ment, which, with proper cyc-glasscs, magnifies above 6000 
times, and is the largest that has ever been made. Astro¬ 
nomers in diflerent parts of the world may be discouraged 
from continuing their observations, when it should seem 
that their discoveries must be anticipated by our observer ; 
but though he has so much tbc advantage, much is left to 
their labour and industry. It did not require a telescope 
of this magnitude to observe the object which was first dis¬ 
covered to be a planet by our astronomer, for it had been 
seen and taken for a fixed star by many persons in the two 
last centuries. And the double ring of Saturn, which has 
indeed been so beautifully observed through Herschcl's 
magnifier, had been already described by Cassini in his 
Memoirs. Such of our readers as wish for a more parti¬ 
cular account of this instrument will find it in the Trans¬ 
actions of the Uoyal Society for 17.95, second part; in 
which there arc 18 plates, and ()3 pages of letter-press, to 
give an ample detail of every circumstance relating to 
ioincr's-work, carpenter's work, smith’s work, &c: which 
has attended the formation and crection.of this instrument. 
It was completed on August the 28th, I789> on which 
day the sixth satellite of Saturn was discovered. 

HERSE, in Fortification, a lattice or portcullico, in 
the form of a harrow, beset with iron spikes, to block up 
a gate-way, &c, 

HEUSILLON, or little Hcr-se, in Fortification, is a 
plank armed with iron spikes, for the same use as the 
herse, and also to impede the march of the infantry or ca¬ 
valry. 

HERWART (John Gboroe), chancellor of Bavaria 
at the beginning of the 17(b century, was descended 
from a Patrician family of Augsburg. He was author of 
several curious books. .1 .Tabuls Arithmetics Univcrsales, 
&c. Monach. Bavar. in large folio, l6i0. This'ls per¬ 
haps a work of the must stupendous magnitude and la¬ 
bour ill numeral calculations that cveivwas executed, con¬ 
sisting of a tabic of numbers closely printed on 999 large 
folio pages, for readily taking out tbc products and quo¬ 
tients of all numbers by inspection only; being in fact an 
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immense multiplication-table, of all factors or numbers, 
both up to 1000 each, nr I million of products. Many 
exampU'S ot multiplications and divisions arc prt fixed, 
w ith applications to the calculations of spherical triangles. 
And,but for the more comp<*ndious invention of logarithms, 
which soon after took place, Herwart'stables would doubt¬ 
less still have been in constant use tor similar purposes.— 

2. Hervvart also wrote an Apology for the Emperor Louis 
of Bavaria, against the falsehoods asserted by Bzovius,— 

3. Chronologia. nova et vora, lfil2 and 1626, 2 parts, 
4to.—4. Another very sin»ular book, which was published 
by his SOD, John Frederick Ilerwart, entitled, Adtuiraiida 
ethics Theulogite Mysteria propolata, dc antiquissima 
veterum Nationum Superstitione, &c ; 1624, 4io. 

HESbE (William Prince qf), rendered his name im¬ 
mortal by his encouragement of learning, by his studies, 
and by his observations, for many years, of the celestial 
bodies. For this purpose, he erected an observatory at 
Cassel, and furnished it with good instruments, well adapt¬ 
ed to tfiat design ; calling also to his assistance two emi¬ 
nent artists, Christopher Rolhinannand Juste Byrge. Hb 
observations, which arc of a very curious nature, were 
published at Leyden, in the year l6l8, by Willcbrord 
Snell; and arc in part mentioned by Tycho Brahe, as 
well in his epistles ns in the 2d volume of his Progyinnas- 
inatn ; a signal example to all princely and heroic minds, 
to undertake the promoting the arts of peace, and ad¬ 
vancing this truly noble and celestial science. This prince 
died in the year 15.97. 

HETERODROMUS Veciis, or Lever, in Mechanics, 
a lever in which the fulcrum, or point of suspension is be¬ 
tween the weight and the power; being the same os what 
is otherwise called a lever of the first kind, 

HETEROGENEOUS, or Heteroceneal, literally 
imports things of diflerent natures, or something that con¬ 
sists of parts of different or dissimilar kinds; in opposition 
to Homogeneous. Thus, 

Heterogeneous Bodice, arc such as have their parts 
of unequal density, 

IIf-tehogen Eous LigA/, that which consists ofpartsor 
rays of different refrangibility, rcflexibilily, and colour* 
Thus, the common light of the sun, or clouds, is heteroge¬ 
neous, being a mixture of all sorts of rays. 

Heterogeneous Numbere, are mixed numbers, con¬ 
sisting of integers and fractions. 

Heterogeneous Particles, arc suchasarcofdiflfercnt 
kinds, natures, and qualities; of which generally all bodies 
consist. 

' Heterogeneous ff^uon/itiVs, in Mathematics, arc those 
which cannot have proportion, or be compared together 
as to greater and less; being of su^ different kind and 
consideration, as that one of them token any number of 
limes, uever equals or exceeds the other. As lines, sur¬ 
faces, and solids in geometry. 

Heterogeneous Surds, are such as have different ra¬ 
dical signs, as u and ^6*; or ^ 10 and .^20, 

HETEROSCII, in Geography, arc such inhabi^anU of 
tbc earth as have their shadows at noon projected always 
the same way with regard to themselves, or always con¬ 
trary ways vyitb respect to each other. Thus, all the in¬ 
habitants without the torrid xonc arc Hctcroscii, with 
gord to themselves, since any one such inhabitant has bis 
shadow at noon always the same way, vii, always north of 
him in north latitude, and always south of him in south 
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latitude; or these two situations arc Hctcroscii to each 
otbe/, having such shadows projected contrary ways at all 
timos of the year. 

HEVELIUS verj'celebrated astronomer, and^ 

a burgomaster of Daiitzrck, was born in that city in 
\6ll. He studied mathematics under Peter Cruger, in 
which he made a wonderful progress. He afterwards spent 
several years on his travels through Holland, England, 
Germany, and France, fur his improvement in the sciences. 
On his return, he constructed excellent telescopes himself, 
and began diligently to observe the heavens, an employ* 
ment he closely followed during the course of a long life, 
which was terminated only in 1687^ at 7() years of age. 
Hevelius was author of several remarkable discoveries in 
the heavens* He was the first who observed the pheuonic- 
non called the libration of the moon, and made several 
other important observations on the other planets* He 
also discovered several fixed stars, which he named the 
Firmament of Sobieski, in honour ot John the tJd, king of 
Poland. He also framed a large catalogue of the stars, 
and collected multitudes of the unformed oiu*s into new' 
constellations* His wife was also well skilled in astro¬ 
nomy, anil made a part of the observations thut were pub¬ 
lished by her husband. Our authors principal publica¬ 
tions are, his Sclcnogniphia, or an exact description of the 
moon; which he has engraved all her phasc^ and rc^ 
markable parts, distinguished by names, ;ind u^ertainetL 
their respective bounds by the help of telescopies ;*conlain- 
ing also a delineation of the several visible spots, with the 
various motions, changes, and appearances, discovered by 
the telescope, as also in the sun and other planets, 1(J47* 
“In 16 * 54 , two epistles; one to the celebrated astrono¬ 
mer Riccioli, concerning the Libration of the Moon; and 
the other to Uulliaid, on the Eclipses of both luminaries* 
•—In l65(>, a Dissertation, De Natura Satumi faciei, &c. 
—In 166 * 8 , his Cometographia, representing the whole 
nature of comets, their situntion, parallaxes, distances, 
diverse appcttronccs, and surprising motions, with a history 
of all the comets from the beginning of the world down to 
the present time; being enriched with curious sculpture 
of bis own execution: to which he added a treatise on the 
pldnelMcrcury,secn in the sun at Dantzick, May 3, I 66 I; 
with tlic history of a new star appearing in the neck of 
Cctus, and another in tl)c beak of Cygnus; besides on il¬ 
lustration of some astronomical discoveries of tbe late Mr* 
Horrox, In his treatise on Venus seen in the sun, Novem¬ 
ber 24, 16391 with a discourse of some curious Parasc- 
lena and Parhelia observed at Dantzick. He sent copies 
of this work to several members of the Royal Society at 
Londoiu and among them to Mr* Hooke, in return for 
which, this gcntlcmaii sent to Hevelius a description of tbe 
Dioptric Telescope, with an account of the manner of using 
it; und recommending it to him, os much preferable to 
telescopes with plain sighu* This gave rise to n dispute 
between there, via, whether distances and altitudes could 
be taken witli plain sighu any nearer than lo a minute*"’ 
Hooke assisted that they could not; but that, with an in¬ 
strument of a span radius, by tbe help of a telescope, they 
might be determined lo the exactness of a second* He¬ 
velius, on the other band, insisted that, by the advantage 
of a good eye and long practice, he was able with his in¬ 
struments to come up even to that exactness; and, appeal¬ 
ing to experience and facts, sent by way of challenge 8 
diitaoccs,each between two different stars, lo bo examined 
by Hooke* Thus tbe affair rested for some time with out¬ 


ward decency, but not w iihoutscHiic inward grudge between 
the parties. 

Ill 1 C 73 , Ih.vclius putlUliod the fin»t part of his Ma- 
china CcclcsU>, as a speciiueii of the exactness be»lh of his 
instruments un<i observatieiiis; and sent several copies as 
presents to lii^ friends in England, but oinittirig Mr. Hooke. 
'I'his, it is suppi»sed, occusiuued that geiuh inan lo print, 
in 1674 , Animadversions on the I’art of the Machina 
CoDlt'slis; in which lu* treated lloeliu^ with a very magis¬ 
terial air, and tlin-w out several iinluindsoine roHe.xiuns, 
which were greatly resented* Ihis was the cause of a 
most violent dis|)Ute, which arose afterwards to such u 
height, and became so notorious, that in 107^) Dr. Hal¬ 
ley went, at the request of the Royal Society, lo esaininc 
both the instruments and the observations made with tliem. 
Of both these, Halley gave a favourable account, in a let¬ 
ter to Hevelius; and Hooke managed the controversy so 
ill, lliat he was universally condemned, though the prefe¬ 
rence has since hem given to telescopic sights. However, 
Hevelius could not be prevailed on lo nmke use of them : 
wdiclhcr be thought hirn»elf loo experienced to be inform¬ 
ed by a young imronomer, as he considered Hooke; or 
whether, having made so many observations with plain 
sights, he was utnvilling to alter his method, lest he might 
bring their exactness into question; or whether, being by 
long practice accustomed to the use of them, and not tho¬ 
roughly apprtdicnding the use of the other, nor well un¬ 
derstanding the difference, is uncertain. Bedsides Halley’s 
letter, Hevelius received many others in his favour, which 
he look the opportunity of inscrlingamoiig the asinmonii- 
cal observations in his Annus Climactericus, printed in 
1685. In a long preface to this work, he speaks with more 
confidence and greater indignation than he had done be¬ 
fore, and particularly exclaimed against Hooke's dogma¬ 
tical and magisterial manner of assuming a kind of dictator- 
shipoverhini. This revived the contesr, and excited so much 
interest as to occasion several other learned men to engage in 
it* The book itself being sent to the Royal Society, at their 
request an account of it was given by Dr. Wallis; who, 
among other things, look notice, that, “ Hcvelius's obser¬ 
vations had been misrepresented, since it appeared from 
this book, that he could distinguish by plain sights to a 
small part of a minute.” About the same time Mr. Mo- 
lyneux also wrote a letter to tbe Society, in vindication of 
Hevelius, against Hooke’s animadversions* To oil which, 
Hooke drew up a letter in answer, which was read before 
the society, containing many qualifying and accommo¬ 
dating expressions, but still at least expressing the supe¬ 
riority of telescopic sights over plain ones, excellent as the 
observations were that had been made with these. 

Hevelius had published in 1679) the second part of bis 
Machina Ccelestis; but the same year, while he was at a 
scat in the country', be had the misfortune to have his 
bouse at Dantzick burnt down, liy this calamity it is said 
he sustained several thousand pounds damage; having not 
only his observatory and hU bis valuable instruments and 
astronomical apparatus'destroyed, but also a great many 
copies of his Machina Coelestis, an accident which has 
made this second part very scarce. 

In 1690 , wcix: published a description of the heavens, 
called, Firmamentum Sobiescianum, in honour of John 
the 3d, king of Poland, as above mentioned; and also Pro- 
dronius Astronomise, ct Kovs Tabulae Solares, una cum 
Catalogo Fixarum; in which are contained the necessary 
prclimloaries for t^ing an exact catalogue of the stars* 
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works wore posthumous; for Ilevciius died the 
!28lh ol Jaiuiar) 11>87*exactly 76ycarsofage, as bctorcob- 
si rvcd, ami iJiu\iTsally adroircd ami rcspecU'd; abundant 
evidence of whicti i;j)|)ears in a coDvction of letters be- 
twecji him ami many oilier pcrauiis, that was printed at 
Daru/ick in 16*83. 

IIIX'HAI/I* (Van), a rcspictable Dutch inatliciuati- 
cian. He contributcil some pieces on Uie iiulnre of cqua- 
tif>ns, in the c<minH*nt;\iies published by Schoclen, on 
t!ie j;eoineliy ol Descarto; umi, by pursuiiii? tbeanalyse^ 
01 that author, reconimcnded lumselt to notice by his in¬ 
vention fur rcclilying the cui ve of the $e|nicubjca) para¬ 
bola. In this, liowvver, he was anticipated by the En¬ 
glish matliematicinii Neil, who had some jears before dis- 
toveied the notification of that curve, Dot it is very 
|)robal)le that Van Mcuraei knew nothing of Neils ilisco- 
vef) ; and besides, the two methods are very ditVerent from 
each oilier. 

11 KXACnORD, a certain interval or musical concord, 
usually calloil a sixth. 

Iir.XAI‘.I)lU)N,or IIf.xahi.urok, one of the five re¬ 
gular or Platonic bodies; being indeed the same as the 
cube; and is so callcil from its having O' faces.—The 
square of the side or edge of a hexahedron, is otic-third of 
the square of the diainetcr of the circumscribing sphere: 
and hence tlic diameter of a sphere is to llic side of its in- 
scrihed hexahedron, ns v/3 to 1. 

In general, if a, b, ami c be put to denote respectively 
the linear side, the surface, and the solidity of a bexahe- 
clron or cube, also r the radius of (he inscribed sphere, and 
n the radius of the circumscribed one; then wc have these 
general equations or relations: 

1. A s= 2r s= = ^c. 

2. B = 24r* = Sr’- = 6a* = (iyc*. 

3. c = Sr* = = a’ = 

4. u s= r^3 = iAx/3 =: VtD = 4^3 * i/c. 

5. r =i u^3 = 4 a = WiB = 1</C. 

Hl-XAGON, in Geometry, a figure of si.x sides, and 

consequently of as many angles. When these are equal, 
it is a t egular hexagon.—The angles of a hexagon are each 
equal to 12{)®, ami its sides are each equal to the radius 
of its circumscribing circle. IIciicc a regular hexagon is 
inscribed in a circle, by applying the radius 6 times suc¬ 
cessively to the periphery, and joining with right lines the 
several divisions. And hence also, to describe a regular 
hexagon upon a given line, describe an equilateral triangle 
upon it, tlie vertex of which will be the centre of the 
circumscribing circle. 

The side of a hexagon being s, its area will bo = 
2-59807625* = 4s- X mng. 60®=^y3. 

l lEXAOov.in Fortification, is a six-lined figuredefended 
by six bastions. 

IlEXAS1'YL£,in the Ancient Architecture,a building 
with 6 columns in front. 

HlERO's Croum, in Hydrostatics. The history of this 
crown, and of the important bydrostatical proposition 
which it gave occasion to, is as follows: Hicro, king of 
Syracuse, having furnished a workman with a quantity of 


gold for making a crown, suspected that he had been 
cheaud, by the workman using a greater alloy of silver 
than wa> necessary in making it; and he aplied to Arclu- 
mciles to discover the fraud, without defacing the crown. 

Iliis celebrated mathematician was led bv chance to a 
method of detecting the imposture, and of determining 
precisely the quantities of gold and silver composing the 
crown: for he observed, when bathing in a tub of water, 
that the water ran over as his body entered it, and hepre- 
seiilly concluded that the quantity so running over was 
equal to the bulk of his body that was iinmerseil. He 
was so pleased with the discovery, that it is said he ran 
about naked, crying out, eufi:xa, I have found it; 

and some aflirm that he offered a hecatomb to Jupiter for 
having inspired him sviih the thought. 

On this principle he procured a ball or mass of gold, 
and another of siher, exactly of the same weight with the 
crown ; considering, that, if the crown were of pure gold, 
it would be of equal bulk, and expel an equal quantity of 
water as the golden ball; and if it were of silver, then it 
would be of equal bulk and expel an equal quantity of 
water with the ball of silver; but of intermediate quantity, 
if it consisted of a mixture of the two, gold and silver. 
'I’his, upon trial, lie found to be the case; and hence, by 
a comparison of the quantities of water displaced by the 
three rftaases, he determined the exact portions of gold and 
silver in the crown. 

Now suppose, forcxample, that each of the three masses 
weighed 100 ounces ; and that on immersing them seve¬ 
rally in water, there were displaced 5 ounces of water by 
the golden ball, 9 ounces by the silver, and 6 ounces 
by the compound, or crown; that is, their respective or 
comparative bulks arc os 5, 9, and 6, the sum of which 
is 20. 

Then the method of operation is this: 

From 9 6 

Take 6 5 

rem. 3 1, whose sum is 4. 

Therefore 4 : 100 : : 3 : 75 oz. of gold, 
and 4 : 100 :: 1 : 25 oz. of silver. 

That is, the crown consisted of 7^ ounces of gold, and 25 
ounces of silver. 

Sec Coles Hydros. Lcct. p. 81; or Martin’s Philos. 
Britan, vol. I,p. 305,&c. Sec also Specific Gravity. 

IIIGll-If aier, that stale of the tides when they have 
flowed to their greatest height, or have ceased to 'flow or 
rise. At high-water the motion commonly ceases for a 
quarter or half an hour, before it begins to ebb again. The 
times of high-water of every day of the moan’s age, is 
usually Computed from that which is observed an the day 
of the full or change; viz, by taking 4-5tlis of the moon's 
age on any day of the month, and adding it to the time of 
high-water on the day of,the full or change; then is the 
sum nearly equal to the time of bigh-walcr on the day of 
the month proposed. And as to the times of high-water, 
on the day of the full and change of the moon, at many 
xliffcrent places; they have been observed as they are set 
down in the following tabic. , 


H J G 


C 647 1 


H I 6 


Table <iftfteTXmactf High-water on the Days of the New and Full Moons, at many different Places. 


Nunn of Plaeei. 


AberdeeQ 
Aldborough 
Alderney J. • 
Amazons Rirer 
Amsterdam . 
Amsterdam I. of 
Andrew’s St. . 
Anholt 1. 
Antwerp 
Arcbangel . 
Arran I. 

Ashley Riv. 
Augostine Su . 
Bajador Ca. 
Baltimore 
BarOeur Ca. . 
Bayonne 
Beachy.head 
N. and S. Bear 
Belfast 
Bellisle 
Bermudas I. 
Berwick • 
Blackney 
Blanca Cap. 
Biavet 

Bourdeaux . 
Boulogne 
Bremen 
Brest 

Bridlington 6. 

Brill 

Bristol 

Buchancss 

Button’s Isles 

Cadiz 

Caen 

Calais 

Canaria I. 

C. Cantin . 
Cape Town 
Caskets 
Cathness Po. 
curries Town 
OTcharlotle’s S. 
tJUerbourg . . 
Cburcbill R. 

Ca. Clear 
Concamcau . 
Conquet . 

Coquet Isle . 
Cork 
C. Corse 
Cromer • 

Dartmouth . 

St. David’s H« . 

Dieppe 

Dort 

Dover 

Downs 

Dublin 


CouDtrics. 


Scotland 

England 

England 

South Americ: 

Holland 

South Seas 

Scotland 

Denmark . 

Flanders 

Russia 

Ireland 

Carolina 

Florida 

Negroland . 

Ireland 

France 

France 

England 

Labradore . 

Ireland . 

France 

Bahama I. 

England 

England . 

Negroland 

France 

France 

France 

Germany . 

France 

England . 

Holland 

England . 

Scotland 

New Brit. 

Spain 

France 

France 

Canaries 

Barbary 

Callers . 

Guernsey . 

Scotland 

Carolina 

New Zealand 

France 

Hudson's Bay 

Ireland . 

France 

France 

England . 

Ireland 

Guinea 

England 

England 

Wales 

France 

Holland 

England 

Eosland . 

Ireland . 


Hii:h-water. 


I 


uitet 


PI 


acn. 


O'* 
9 
12 
6 
3 
8 
2 
0 
G 
6 
11 
0 
7 
0 
4- 
7 
3 
0 
12 
10 

5 
7 
2 

6 
9 
3 
3 

10 

6 

3 

3 

1 

6 

3 
6 

4 
9 

11 

3 

O 

2 
6 
9 

3 
9 
7 
7 

4 
3 
2 
3 
0 
3 
7 
0 
6 

10 

3 

11 

1 

0 


45“ 

45 

0 

O 

0 

30 

15 

O 

O 

O 

O 

45 

30 

o 

50 

30 

30 

O 

0 

o 

so 

o 

30 

0 

45 

0 

0 

30 

0 

45 

45 

SO 

45 

O 

50 

30 

O 

30 

0 

O 

30 

15 

0 

0 

o 

30 

20 

30 

0 

15 

0 

30 

30 

0 

30 

O 

30 

0 

30 

15 

15 


Dunbar 
Dundee 
Dungarvan . 
Dungeness . 
Dunkirk 
Dunnose 
Dusky Bay . 
Easter Isle . 
Edystone 
Elbe R. 

Embden 

Estaples 

Falmouth 

Flamborougb H. 

C. Florida 

Flushing 

N. Fureland . 

Foulness 

Fowey 

Fayal Isl. 

Garonne R. 

Gibraltar 

C. Good Hope 

Goree (Isle) 

Granville 

Gravelines 

Gravesend • 

Groin . . 

Guernsey I. . 

Hague . 

Halifax 

Hamburgh . 

Hare Isle 

Harlem 

Hartlepool 

Harwich 

Havre de Grace 

Holy Head . 

Honfleur 

Hull 

Humber R. . 

St. John’s 

St. Julian (Port) 

Kentisbnock 

Kinsale 

Land’s End . 

Leith 

I^eustoiT 

Lisbon 

Liverpool 

Lizard 

I.oire (Riv.) . 
London .. 

Lundy (Isle) 
Madeira 
St. Maloes . 
Isle of Man . 
Margate . 

St. Mary’s (Isle) 
Milford 
Mount’s Bay 


Countries. 


Scotland 
Scotland 
Ireland * 
England 
France 
I. of Wiglit 
N. Zealand 
Chili 

English Channel 
Germany • 
Germany . 
France • 
England 
England e 
Florida 
Holland 
England • 
England 
Etigland 
Azores 
France » 
Spain 

Cafiers « 
Atlantic Ocean 
France 
Flanderfl 
England • 
Spain 

English Channe 
Holland 
Nova Scotia 
Germany » 
Canada 
Holland . 
England s 
England 
France 
Wales 
France 
England • 
England 
Newfoundland 
Patagonia • 
English coast 
Ireland • 
England « 
Scotland * 
England 
Portugal e 
England 
England • 
France 
England • 
England 
Ails Ocean 
France 
England « 
England » 
Scilly Isles 
Wales 
England • 


High*w%(er. 


2** 30“ 
2 15 

4 30 

9 45 

0 O 
9 45 

10 57 
2 O 

5 30 
0 O 
0 0 

11 O 

5 30 

4 0 

7 30 

O 45 
9 45 

6 45 

5 15 
2 20 


1 30 

7 0 
0 0 
1 SO 
3 3 
1 30 

8 15 
7 30 
6 0 
3 30 


11 15 

9 O 

1 30 

9 0 

6 0 

5 13 

6 O 

4 45 
0 0 

5 15 

7 30 
4 SO 
9 45 

2 15 

11 15 

7 30 


5 15 


11 15 

3 45 

5 15 

4 30 
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iNimps of Klac«. 

Natltei 

Naze 

NVedles 

Newcastle . 

Nieuport 

Nore 

Norih Cape • 

Orlurdnt'ss 

Orkneys 

Ostend » 

Placentia • 

Plymouth 

Portland 

Porto Pray^ • 

Portsmouth 4 

Quebec 

Hlu'e (Isle) . 

Resolution (Hay) 

R^ibin Hooci^s B. 

Rochefort 

Rochelle 

Rochester 

Rotterdam 

Rouen » 

Rye 

Sandwich 
^Scarborough IL 
Scilly Isles . 
Senegal 


Otmtries. 




g 
g 

h landers 

England 

Lapland 

England 

Scotland 

Flanders 

Newfoundlai 

England • 

England 

Cape Verdes 

Faigland • 

Canada 

France « 

Ohiiahoo 4 

England 

France 

France 

England 

Holland 

France 

England 

England 

England « 

England « 

Negroland 




3h O'" 

11 15 

10 15 

3 15 

12 0 

0 0 
3 O 
y 45 
3 0 

12 0 

9 0 

G 0 
8 15 

n o 

11 15 

7 30 

3 0 

2 30 

3 0 

4 15 

3 45 

O 45 

3 0 

I 15 
11 15 

11 30 

3 45 
3 45 

10 30 


Namn ol Place** 


Severn (Mom! 
Sheeniess 
Sierra Leone 
Shetland t. . 
Isle of Sky . 
Spurn 

Start Point . 

Stockton 

Sunderland . 

Tanna 

TeiierifT 

Texel (Isle) . 

Thantes' Mou 

Tinmouth 

Torbay 

Su Valery 

Vaniies 

Ushant 

Waterford 

Wells 

Weymouth 

Wh'ilby 

Isle of Wight 

Winchelsea 

Winlertoness 

Yarmouth 

New York 

Yeughall 

Zuric Sea 


Cuuntria. 


England 

England 

Guinea 

Scotland 

Scotland 

England . 

England 

England 

England 

PaciBc Ocean 

Canaries 

Holland 




Ireland 

England 

England 

England 

Er^land 

England 

England 

England 

America 

Ireland 

Holland 


o 0 

8 15 

3 0 

5 30 

5 15 

6 45 

5 15 

3 20 
3 0 

3 0 

7 30 

1 30 

3 0 

5 15 
10 30 

3 45 

4 30 

6 30 
(I O 

7 20 

5 0 

O 0 
0 45 
9 0 

9 45 

3 0 

4 30 


HIPS, in Architecture, arc those pieces of timber 
placed at the corners of a roof. These arc much longer 
than the rafters, because of their oblique position. 

Htp means also the angle formed by two parts of the 
roof, when it rises outwards. 

HiP'Eoq/', culled also Italian Hoof, is one in which 
two parts of the roof meet in an angle, rising outwards: 
the saraoangle being called a valley when it sinks inwar'da. 

HIPPARCHUS, u celebrated ancient astronomer, was 
born at Nice in Bithynia, and flourished between the I54th 
and the 163d olympiads; that is, between l6u and 135 
years before Christ; for in this interval of time it is that 
bis observations arc dated. He is accounted the first, 
who from vague and scattered observations- reduced astro* 
nomy into a science, and prosecuted the study of it 
systematically. Pliny often mentions him, and always 
with great commendation. He was the first, he tclb us, 
who attempted to count the number of the fixed stars; 
and his catalogue is preserved in Ptolemy's Almagest, 
whore they arc all noted according to their longitudes and 
apparent magnitudes. The same author places him among 
those men of a sublime genius, who, by foretelling the 
eclipses, taught mankind, that they ought not to be 
alarmed at these phenomena. Thales was the first among 
the Greeks, who could discover when there was to be an 
eclipse. Sulpitius Gallus among the Romans began to 
succeed in this kind of prediction ; and he gave an essay 
of his skill very opportunely, the day before a battle was 
fought. After these, Hipparchus improved the science of 
eclipses very considerably : making ephemerides, or cata¬ 
logues of eclipses, for 600 years. Pliny admires him for 
making a review of all the stars, acquainting us with their 
situations and magnitudes; for by these means, observes 
he, posterity will be able to discover, not only whether 


they are born and die, but also whether they change their 
places, and whether they iocreasc-or decrease. He men¬ 
tions also a new star which was produced in his days; and 
that by its motion, when it Tint appeared, he began to 
doubt whether this did not frequently happen, and whether 
those stars, which wc call fixed, do not likewise move. 
Hipparchus is also memorable for being the first who 
discovered the precession of the equinoxes, or a very slow 
apparent motion of the fixed stars from cast to west, by 
which in a great number of years they will appear to have 
performed a complete revolution. He endeavoured also 
to reduce to rule the many discoveries he made, and in¬ 
vented new instruments, by which he marked their mag¬ 
nitudes and places in the heavens: so that by means of 
them it might be easily obser>'cd, not only whether they 
appear and disappear, but also whether (hey pass each 
other, or move, and whether they increase or decrease^ 

The first observations made by Hipparchus, wcitiDtb^ 
isle of Rhodes; whence he got the name Rhodiut^but 
aftenvards be cultivated this science in Bithynia and Alex¬ 
andria only. One of His works is still e.xtant, via, bis 
Commentary on Aratus’s Phenomena. He composed se¬ 
veral other works; and on the whole it is ^r^, that 
astronomy is greatly indebted to him, for laying that ra¬ 
tional and solid foundation, on which all succeeding astro- ' 
nomers have built their superstructure. 

HIPPOCRATES, of Chios, a respectable Greek geo¬ 
metrician, butori^nally it seems a merchant, who, from 
his honest and unsuspecting simplicity of nature, being 
greatly imposed on, and half ruined by the knavciy of the 
farmers of the revenue at Byaoniium (now Constantino¬ 
ple), suspended bis commerce, end rephired to Ath^ 
to retrieve his affairs, where he first became acquainted 
with geometry. Curiosity, or amusement, having one day 
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M him to visit one of the schools of philosophy, ho so card, avee des additions ; l6'S4.—7. Sectioned Conicre in 
iiuicU relished the Ucturos on geoinotr)*, which he there iiovem libros distributee: \6S5, folio. '/Ids wns cun< 5 i- 
huard, that he resolved to devote himself to (ho study of dered as an urisrinal work, and earned the author en at 


(hat science* He soon became a tlistinguishcd g<.n>iuc*iri« 
Clan. 1 *he rjuadrature ot the lunes, whtch Ik* discovered, 
emboldened him (o attempt also that of tho circle* He 
aJso composed Bleineiits of Geometry, wluch iiavc not 
- however reached our timers* 

HIHCUS, in Astronomy, a Axed star of tlio Arsl mag* 
nitude, the same with Cupclla. 

iJincus is also used by some writers for a comet, en¬ 
compassed us it were with a mane, seemingly lough and 
hairy. 

HIUK (Piirtip DE L.\),an eminent French nmthema- 
lician and a^tronomir, was born at Paris in 10*40. His 
lather, who was puiuter to (ho king, intending him for the 
same occupation, taught him drawing and such lirauchcs 
of madiomalics*' :is relate to it ; but died w hen the son was 
only 17 years of ugc. 'I hrec yeai^ after this, he travelled 
into Italy for improvcnieul in that art, where he spent 4 
years. He a|iplie<l himself also to niHthcmaiica, which 
ul last engrossed all his attention* On his rt*turM to Paris, 
he continued his mathematical studies witli great caser* 
ness, and afterwards publjshcd some works, v^hich gained 
him so mucii reputation, that in l67s he wos named a 
Jueinbcr of the Academy of S^caeticcs. 

Colbert the minister having formed a d(*sign for a bel¬ 
ter chart or map of Franco than any which had ihcit been 
conceived, Lohire wus appointed, with Picard, to make 
the necessary observations for that purpose* This occu¬ 
pied him some years in several of the provinces ; and was 
the main object of his peregrinations. But he was not, 
however, unmindful of other branches of knowledge, for 
be philosophized oncveiy thing that occurred, and parti¬ 
cularly on (he phenomena of the variations of the mag¬ 
netic needle, and refractions, as also on the height of 
mountains, as determined by the barometer* 

In I6’83, I^hirc was employed in continuing the meri¬ 
dian line, which Picard had begun in 166*9* Ho con¬ 
tinued it from Paris northward, while Cassini carried it 
on to the south; but Colbert dying the same year, llie 
work w as relinquished before it was Anishvd* Laliiro was 
next employed, with other incinbdH of the Academy, in 
t^ing the necessary levels for the grand aqueducts which 
Lours the 14tb was about to make. 

The great number of works published by our author, 
together with his continual employments, as professefr of 
the Iloyal College and of the Academy of Architccturt*, 
give us some idedof the great iaboun he underwent* Hi$ 
days were always spent in study: his nights very often in 
tstroDomical obscrvaiions; seldom seeking any other re¬ 
lief from bis labours, than* a change of one for another. 
In his (Danner, he had the exterior politencbs, circum- 
vpvAion, and prudence of Italy $ on which account he 
appeared too reserved in the eyes of his countrymen; 
thongb he always esteemed as a very honest disin- 
tcreiU'd man. He died in 1718, at 78 years of age. • 

Of (he numerous works which be published, the prin¬ 
cipal are, 1 * Trait 6 de Mechanique ; l665.*-'2. Nouvelle 
Methode cn Gcometrie poQr les Sections des Superficies 
Oontquei ct Cylindriquet; 1673, 4to*—3* De Cyeloide; 
^^779 12mu*—4* Nouveaux Elcmens des Scctioncs Co- 
niques: les Lieux Gcometriques: la Construction, ouEf- 
fection des Equations; 1678, l2mo.—5. La Gnomonique, 
&c; i 682 , i 2 mo*-^. Trait^ du NireilemeDt de M.Pi- 
•Voju 1 . ^ 


repu(atioti all over liurope*—8. 1‘jaitc du .Mouveiiif'rjt ch’s 
Kaux, &C; 1686.-9. lubulic Astrononiica*; \(*S 7 arjd 
1702 , 4(0.—10. Fcolc des Ar| enleurs ; 1680 .— 1 W. 
teruin Mathemaiicorum Opent, Gra...<i el ph ra- 

que nunc prim6m edita; I69). 'I his edicioii had 

been begun by Tliewnol; wl;odyiiie, ihccare of (niidnng 
it was c<mimitle<l to Lahire. ll vhows ih.it our author's 
strong application (o mathematical ami astnmomical 
studies had not hindered him from acquiring a very com¬ 
petent knowledge of the Gre<*k longue. Bcsid<s lhe^e, 
and other smaller works, a va>t number of his pieces arc 
diffused 10 JournaU, and particularly in the i\lejnnir> of 
the Academy of Sciences, viz, from 1666 till the \ear 
1718* 

HOBBES (I'ljoM as), a famous^w riter and philosopher, 
was born at Malinsbury in Willahircs in 1588, being the 
son ol aclcrg^'man of that place. He completed his studios 
at Oxford, and was afterwards governor to the oldest son 
of William Cavemli-b earl of Devonshire, with whom he 
travelled through France and Italy, applying himself 
closely to the study of polite literature** in I 626 bis pa¬ 
tron the carl of Devonshire <Ucd ; and in 1628 bis son 
also ; fbc same year Mr* Hobbes published his translation 
of Thucydides in English. He soon after went abroad a 
second lime as governor to the son ofSirGcrvasc Clifton ; 
but shirHly after returned, (o resume his concern for the 
hopes of the Devonshire family, to whom he had so early 
attached himself; the countess-dowager having desired to 
put the young earl under bis care, then about 13 years 
of age. This charge was very agreeable to Mr. Hobbes's 
inclinations, and be discharged the trust with great dili¬ 
gence and fidelity. In 1634 he accompanied his young 
pu])il to Paris, where he employed his own vacant hours 
in tlie study of natural philosopliy, frequently conversing 
with Father Mersenne, a man of great and deserved re¬ 
nown, and who corrt*sponrted with almost ail the learned 
ifi Europe* From Paris he attended Ins pupil into Italy, 
where he become acquainted with (lie celebrated Galileo, 
who freely connnuiiicuted Iiis notions to him ; and from 
hence he returned with his ward to England. But after¬ 
wards, foreseeing the civil wors, he went to seek a retreat 
at Paris; where he soon became acquainted with Dbs- 
cartes, with whom he afterwards held a correspondence 
on several mathematical subjects, as appears from the 
letters of Mr. Hobbes published in the works of Descartes* 
•But when this philosopher printed afterwards bis Medi¬ 
tations, wherein he attempted to establish points of the 
highest consequence from innate ideas, Mr. Hobbies took 
the liberty of dissenting from him, as did also the French 
king*s mathematical professor, the illustrious Peter Gas¬ 
sendi, with whom Mr* Hobbes contracted a Vt^ry close 
friendihip, which was not interrupted till the death ofihi 
former* 

111 1642 , Mr. Hobbes printed his famous book De 
Cive, which raised bira many adversaries, who charged 
him with instilling principles of a dangerous tendency.* 
Among many illustrious persons who, from the troubles 
in England, retired to Franco for safety, was Sir Charles 
Cavendish, brother to the duke of Newcastle; and this 
gentleman, being well skilled in the mathematics, proved 
a constant friend and patron to our author; who, by em¬ 
barking io 1645 in a controversy about squaring the circle, 
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l)rcomc VO famous by it, that la 1647 he wa% rccom- 
nundrd to Ch.irk'S pritice of Wales, afterwards 

Kh >5 C liailrv the "211, JO jnathcniatical Icaminp. During 
ilos lie cin}>i«'yed his \acant time in composing his 
viaihapi, wl»i(h wiis published in Lngland in l65L After 
tlu‘ pubhentjon of thi^ work, he returnid to England, and 
pas‘>* d iIh* icuiainticr of his long l/!c in a very retired and 
studious manner, in tiie house of (he cui 1 ol Devonshire, 
mostly al his seat in Derbyshire, but accompanying the 
earl aiwuys (o London, fcaiing to be left nui ofhisimtne* 
diate protection, lest he should be se.ze<l by officers from 
the parliament or govrniinent, on account of the frerdom 
ol Ills opinions in polities aiul religion. He received great 
marks ol respect iruni King Charles (lie 2d althc restura- 
tion in lOiOO, with a pension of 100/. a year. Trom that 
time, till his death, Ik* apjilied himself to his sttulics, and 
iti opjrosing the attacks of his adversaries, v.ho were very 
nurnenius: in malhemalical subjects, disputes rose to a 
great In rglu betw<en him and Dr. Wallis, on account of 
his pretended (v^tiadniturc of the Circle, Cubaturc of the 
Sphere, and Duplication of (he Cube, which he obstinately 
defended Nvithout ever acknowledging his error. 

IJis long life was that of a perfectly honest man; a 
lover of his country, a good frieiul, chaiitnble and obliging. 
He accustomed himself much more to thinking than read¬ 
ing; and was fond of a wcll-selccted, rather than h large 
library, lie hod a hatred to the clergy, having been per¬ 
secuted by them on account of the trccdom of his doc¬ 
trine, and having a very indifferent opinion of their know¬ 
ledge and their principles. In his Iasi sickness he was very 
anxious to know* whether his disease was curable ; and 
when intimations were given, that he might have ease, but 
no remedy, he said, ^ 1 shall be glad to 6nd a hole to creep 
out of the world at.^ He died the 4lh of Dec* 1679, at 
91 years of age. 

His chicf.publications wore, 

1. An English translation of Thucydideses History of 
the Grecian War.—2. Do MirabilibtisPccci, and Memoirs 
of his own Life, both in Latin verse.—3. Elements of Phi¬ 
losophy.—4. Answer to Sir William Davcnanl’s Epistle, 
or Preface to Gondibert.—3. Human Nalure, or the Fun¬ 
damental. Elements of Policy.—6. Elements of Law.— 
7. Leviathan; or the Matter, Form, and Power of a Com¬ 
monwealth.—8< A Compendium of Aristotle’s Rhetoric. 
—9* A Letter on Liberty and Necessity.—10. TheQuev 
lions, concerning Necessity and Chance, statcd.-^ll. Six 
Lessons to the Professors of Mathematics, of the Institu¬ 
tion of Sir Henry Saville.—12* The Marks of Absurd 
Geometry, &c.—IS. Dialogues of Natural Philosophy^ 
Besides many other pieces on polity, theology, mathema¬ 
tics, and other misccllancoussubjects, to the numbcrof41. 

HOBITS, m Gunnery. See Ho^ixz. 

HODGSON (Jamks), p, n.s. was a respectable ma- 
thematirftin in the early part of the I8tb century, and 
some lime roaster of the Royal Mathematical School in 
Christ’s Hospital, London. Besides u multitude of papers 
in the Philos. Trans, from.vol.24 (anno 1704), to vol. 49 
inclusive, he was also author of several mathematical 
works: as, 1. Treatise on Navigation,' in 4to, 1706; 
2. System of Mathematics, in ^ vols. '4to, 1723; 3. The 
Theory of Jupiter’s Satellites, 4to, 1750; 4. The Doctrine 
of Fluxions, 4to, 1758; 5, The Valuation of Annuities 
upon Lives. 4to; 6. An Introduction to Chronology. 
Aod perhaps some others.—Mr. Hodgson was born l672; 
elected r, a. s, 1703 ; and died June 25, 1755. 


HOGSHEAD, a measure, or vessel, of wine or oil; 
containing the 4tb part of a tun, the half ofa pipe, or 63 
gallons. 

HOLDER (William), a learned and philosophical 
Englishman, was born in Nottinghamshire, educated at 
Cambridge, and in l642 bcraine rector of Blcchingdon 
in 0).tordsl>ire. In 1660 he proceeded n. D., and became 
alterwardN canon uf Ely, fellow of the Royal Society, 
canon of St. Paul's, sub-dciin of the royal chupcl, and lub- 
almoncr to the king. He was a general scholar, a very 
accomplislu’cl person, and u gteat virtuoso.—Dr. Holder 
greatly distinguished liimself, by giving speech to a young 
gentleman of the name uf Popham, who was born deaf. 
This was effected at his own house at Rlcchingdonin 1659; 
Jiut the young man losing wliat he had been taught by 
Holder sitter he was culled home to his friends, he was 
sent to Dr. Wallis, who brought him to his speech again. 
Holder published a book, entitled I'lic Klements of 
Speech ; un essay or inquiry into the natural Proiiuciioii 
of I^cttors: w ilh an appendix, concerning persons (hat arc 
deaf and dumb, 1669. Svo. In (he appendix he relates 
how soon, an<l by what methods, he brought young Pop* 
ham to speak. In the Philos. Trans, for July 1670, was 
inserted a letter from Dr. Wallis, in which he claims to 
himself the honour of bringing that gentleman to speak. 
By way of answer to wbich, in 1078, Dr. Holder pub- 
libhed, in 4to, A Supplement to the Philos. Trans, of 
July 1670, with some reflections on Dr. Wallis’s letter 
llicTC inserted. Upon which the latter soon after pub¬ 
lished A Defence of the Royal Society, and the Philos. 
Trans, particularly those of July I670, in answer to the 
cavils uf Dr. William Holder, 1678, 4to. 

Dr. Holder's accomplishments were very general. He 
was skilled in the theory and practice of music, and wrote 
A Treatise of the Natural Grounds ant^ Principles of 
Harmony, 1694, 8vo. He wrote also A Treatise con¬ 
cerning 'Time, with applications of the Natural Day, 
Lunar Month, and Solar Year, &c, 1694, 8vo. Ho 
died at Amen Corner in London, Jan. 24, 1697, 
buricil in St. Paul's. 

HOLLOW, in .Architecture, a concave moulding, about 
a quarter of a circle, by some called a casement, by others 
an abacus. ‘ 

Hollow- Tou’er, in Fortification, is a rounding made 
of the remainder of two brisurcs, to join the curtin to the 
Crillon, where the small shot arc played, that they may 
not be so much exposed to the view of the enemy. 

HOLY nuriday, otherwise called Ascension-day, being 
the 39th day after Easter Sunday, and kept in comrae- 
moration of Christ’s ascension into heaven. 

Holy Rood, or Hofy Cross, a festival kept on the 14th 
of September, in memory of the exaltation of the holy 
cross. 

Holy JPccA-, is the last week of Lent, called also Pas¬ 
sion week. 

HOLYWOOD (John), or Halifax, or Saerobosco, 
an eminent mathematician of the 12tb century, whose 
birthplace is variously ascribed. According to Lelcnd, 
Bale, and Pitts, he was born at Halifax in Yorkshire: ac¬ 
cording to Stanihurst, at Holy wood near Dublin; and 
according to Dempster and Mackeneic, in Nithsdale in 
Scotland: though it is possible there might have been 
more than one of the name. Mackenzie, however, inforiDS 
us, that having finished bis studies, he entered intoorde^ 
and became a canon regular of the order of St. Augustin 
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in (be famous monastery of Holy wood in Niihsdale. The 
English biographers^ on (he contrary, inform ns that he 
was cducati'd at Oxford. I'hoy all agree however in as¬ 
serting, that lie spent most of his lile at Paris; where, 
observes Mnckc*n2ie, be was admitted a member of the 
umvcrsiiy, June 5, 1221> under the synches of the Scotch 
nation; and soon after was elected prufes^o^ of mathema¬ 
tics, which be taught with applause for many years. Ac¬ 
cording to the same author, be died in 1256', us appears 
from the inscription on his monument in the cloisters of 
the convene of St. Maiurinc at Paris. 

Holywood was contemporary with Roscr Bacon, but 
probably older by about 20 years. He unite, 1. De 
Spharm Mundi; a work often reprinted, and illustrated 
by various commentators.-*-3. Do Muii Uatione, scu de 
■Computo Kcclesiastico.-^S. De Algorisino, printed with 
Coinin.Petri Cirvilli Hisp : Paris, 1498. 'I'be Algurismus 
was probably the treutiae, in technical vc(*scs, which he 
composed on the Arabian aiitliiDcaic. 

HOMOCENTUIC, the same as Concentric. 
HOMODROMUS ^ectisy or Lcrcr, in Mechanics, is 
a lever in which the weight and power are both on the 
same side of the fulcrum,, us in the lever of the 2d and 3d 
kind; being so called because here the weight and power 
move both in the same direction, whereas in the Hciero- 
dromus they move in opposite directions. 

HOMOGENEAL, or Uoaiooekeous, consisting of 
similar parts, or of the samedand and nature, in contra¬ 
distinction from Heterogeneous, where the parts are of 
different kinds.—Natural bodies am usually composed of 
faomogenTOus parts, as a diamond, a metal, &c. But arti¬ 
ficial bodies, on the contrary, arc assemblages of hetero¬ 
geneous parts, or parts of different kinds ; as a building, 
of stone, wood, &c. « 

Houocenbal Ligfu, is that whoso rays arc all of one 
and the same colour, refrangihility, &cc. 

HoifoofixEAL Nu/n6erty are those of the same kind 
and nature. * 

HostoocHCAL i$ur^, arc such as have one common 
ratlical sign; as ^27 and v^30, or \/a and v^i, oril/c 
and {/d. 


HOMOGENEOUS EquatioTtSy in the doctrine of 
Fluxions, particularly treated by John Bernoulli, for in¬ 
tegrating such forms of two fluxions of the first order, in 
which tbesum of the dimensions of x and y, which affect 
* sndjf, rise to the same degree in ail the terms, then the 
indeterminates may be separated by a simple eubstitutiou, 
as ofys forr: such for example as tbefluxiooal equations 


(«• 


Then subitituiing, in the former of these, 3^2 for x, and the 
fluxion of this fur *, by reduction the equation becomes 

- s; ” * g, where the indeterminates arc separated, and 

V b — m.‘ * 

the fluents may be found. 

Id like manner the application is made to such homo¬ 
geneous cqualiuns as the following: 

(ox bu)x -t- (ex -t- dy)j =s 0, 

(ax* ixy + cy*)x -+• (dx* -*■ exy /y )y = 0^ 

(ox* -h bx*y + cxy' ^ dy*) x ■+■ (or ■*-fx*y gxy* •+• h/)y = 0 

See. Sec. 


HOMOGENEUM Ad/eetionitf a name given by Victa 
to the second term of a compound or aflected equation, 
being that which mBl(es it adfected, 

Homogeweum ComparationUf in Algebra^ a name 


given by Vieta to the absolute known miinbrr or (orm in 
a compound or afl'ecied equation. I'hi^ he plare> on (hr 
right-hand side of ihc equation, and all the oiiicr rerms 
on the left. 

Homologous, in Geometry, is applied to the cor¬ 
responding sides of similar figure^, or those that are op¬ 
posite to equal or corresponding angles, and arc so called 
because they arc proportional to each other. Lor all 
similar figures have their like sides homologous, or pro¬ 
portional to one another, also ih< ir an as or surfaces are 
homologous, or proportional to the squares of the like 
sides, and their solid contents homologous, or proportional 
to the cubes of the same. 

HOOF, or Ungutay in Geometry, is a part cut off a 
cylinder, or cone, ficc, by a plane passing both through 
the base and part of the curve surface. It has obtained 
its name from its resemblance to the hoof (urigula) of a 
horse. For the contents und surfaces of such hoofs, see 
my Mensuration, pa. l6l—183, 4th edit. 

Witii respect to the surfaces of conic ungulas formed 
by planes perpendicular to the base. Father Guido Grandi 
first remarked, that if a polygon be inscribed in the base 
of a cone, and if on cuch side of this polygon a plane be 
raised perpendicular to the base, the portion of the co¬ 
nical surface cutoff towards the a.\is, is equal to a recti¬ 
lineal space. The portions also of the cone cut off by (he 
above planes, towards the base, are in the same ratio as 
the segments of the base on.which they stand, indeed, 
whatever figure be inscribed in the base, if we conceive a 
right prismatic surface raised from the perimeter of the 
figure, it will cut off from the conical surface a portion, 
which will be (oitin (be same ratio, vi;t, that of the radius 
of the base to the slant height of the cone. 

HOOKE (Rod ear), u very cclebrutod iimthemutician 
and philoso|)licr, was born, 1<>35, at Fri^hwater in the 
Isle of Wight, whore his father was minister. He was 
intended for (he church ; but being of a weakly conslitu- 
tioli, and very subject to tlic head-acli, all thoiight'» of 
(but nature were laid aside. Thus left to himself, the boy 
followed the bent of his genius, which was turned to mr- 
chaoics; and employed bis time in making little toys, 
which be executed with wonderful art und dexteriky. lie 
bad also a good turn for drawing; for which reason, hftvr 
bis father's death, which happened in l646, he was placed 
with Sir Peter Lely; but (he smell of the oil-colours in¬ 
creasing his hcad-ach, he quitted^hning in n very short 
time. He was afterwards kindly taken by Dr. Busby into 
his house, and supported there, while be attended W<^t- 
miniter-school; where he not only acquired a competent 
share of Greek and Latin, together with an insight into 
Hebrew and some other Oriental languagt^, but also made 
himself master of a good part of Euclid's Elements; and, 
as Wood asserts, invented 30 different ways of flying. 

About the year lff53 he went to Christ-chtrch, Ox¬ 
ford; and in i655 was introduced to the Philosophical 
Society there; where, discovering his mechanic genius, he 
was firet employed to assist Dr, Willis in liis chemical 
operations, and was afterwards recommended to Mr. 
Robert Boyle, whom he served several years in the same 
capacity* He was also instructed in astronomy about Uiis 
time by Dr. Seth Ward, Savilian professor of (hat science; 
and hencefortvard distinguished bimself by many noble in* 
vcotions and improvementB of the mechanical kind. He 
also invented several astroDomical instruments, for making 
observations both at sea and land, and was particularly 
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hcrviccalJe lo Mr. Boyle in completing the invention of 
the air*puinp. In 1662 lie was appointed Curator of 
|K*rin>cnls to ilic Uoyal Soci<‘ly; and when that bodv was 
cstablislied by royal charter» he was in the list of those 
wh<» wtTc fiist uuiucmI by the council in May 20, l66j; 
and was a<lnulled accoidingly June 3, with a peculiar ex¬ 
emption iroin all payments. Sept. 28 <jf the same year» 
he uaa named by Lord Clarendon, chancellor of Oxford* 
for the degree of M. a.; and Oct. 1<) it was ordered that 
Hie re[>ository of the Koyal Society should be connnitted 
to his care; the white gallery in Ctresham-college being 
a|)piopriHted to that use. In May I(>(i4, he began lo read 
the astronomy lecture at Gresliam-collcge* for the pro¬ 
fessor Dr. Pope, then in Italy; ami the same year lie tvas 
made professor ol mechanics ti> the Kuyul Society by Sir 
Julin ('tiller, witli a salary of 30/. per annum, which that 
gentleman, the fouiuler, settled upon him for life. Jan. 11, 

1663, that society granted a salary also of 30/. n)eari for 
hisodice of curator of experiments forlifc; and the month 
<d'March the smne }eiir he was elected professor of geo¬ 
metry in Gresham-collego. 

In I(i63 he publishe<i in folio, his Micrograpliia, or 
some Philosophical Descriptions of Minute Bodies, made 
by Magnifying (Masses, >vith Observations atid Inquiries 
on them. And the same year, during the recess of the 
Uoya) Society on account of the plague, he attended Dr. 
Wilkins and other ingenious gentlemen into Surrey, where 
they made several expciirnenis* In l666 he produced to 
the Royal Society u model for rebuilding the city of Lon¬ 
don, then destroyed by the great fire, with which the so¬ 
ciety was well pleased; and the lord mayor and aldermen 
preferred it to (hut of the city surveyor, though it hap¬ 
pened not to be carried into execution. The rebuilding 
of the city, according (o the act of parliament, requiritig 
able persons to set out the ground for the proprietors, Mr. 
llookc was appointed one of the surveyors; an employ¬ 
ment in which he acquired most pari of his estate, as ap¬ 
peared from Q large iron chest of money found after his 
death, locked down with a key in it, and a date of the 
time, which showed it to have been so shut up above 30 
years. From l66s he was engaged for many years in a 
warm contest with Mcvclius, concerning the difTerence in 
accuracy between observing wiili astronomical instruments 
with plain and telescopic sights; in which dispute many 
learned men afterwards engaged, am) in which Hooke ma¬ 
naged so ill, as lo be universally condemned, though it 
has since been agreed that he had the belter side of the 
question. In I671 he attacked Newton's New Theory of 
Light and Colours; whore, though he was obliged to 
submit in respect to the argument, it is said he came off 
with more credit. The Royal Society having commenced 
their meetings ut Gresluim-coUege, November 1674, the 
Committee in December allowed him 40/. to erect a turret 
over part of his lodgings, for trying his instruments, and 
making astronomical ohservutions: and the yepr follow¬ 
ing he published A Description of Telescopes, and some 
other instruments made by R. H. with a Postscript, com¬ 
plaining of some injustice done him by their secretary Mr. 
Oldenburg, who pulilislied the Philosophical Transactions, 
in regard to his invention of pendulum watches. This 
charge engaged him in a dispute with that gentleman, 
which ended in a declaration of the Royoj Society in their 
secretary's favour. Mr. Oldenburg dying in 1677, Mr. 
Hooke was appointed to supply his place, and began to 
take minutes at the meeting in October, but 'did not 


publish the Transactions. Soon after this, he became 
mote reserved than f<wmerly; and though he read bis 
Cuilcrian Lectures, often made experiments, and showed 
new inventions before the Koyal Society, yet he seldom 
iel't any account of them to be entered in their registers; 
designing, as he said, to publish them himself, which how¬ 
ever he never performed. In 2686, when Newton s work 
the Principia sva» published, Hooke laid claim to bis dis¬ 
covery concerning the force and action uf gravity, which 
was warmly resented by that great philosopher. Hooke, 
though H great inventor and discoverer himself, was yet 
so envious and ambitious, that he would fain have been 
thought the only man who could invent and discover any 
thing. This made him often lay claim to the inventions 
and discoveries of other persons; on which occasions^how¬ 
ever, as well as in the present cose, tlic thing was gen^ 
rally carried against him. 

In the beginning of the year l687» his brother's daugh¬ 
ter, Mrs. Grace Hooke, who had lived with him several 
years, died : and be was so adected with grief at her death, 
that he never recovered it, but was observed from that 
time to l>ecome hss active, more melancholy, and more 
cynical limn ever. At the same time, a chancery suit, to 
vviiicU he was concerned with Sir John Cutler, on account 
of his salary for reading the Cuttcrian Lectures, made him 
tineasy, and increased his disorder. In l69D he was em¬ 
ployed in forming the plan of the hospital near Hoxtou, 
founded by Robert Ask, alderman of London, who ap¬ 
pointed Archbishop Tillotson one of his executors; and in 
December the same year, Hooke was created m.d. by a 
warrant from that prelate. In July 1696^ the chancery 
suit with Sir John Cutler was determined in his favour, to 
bis inexpressible satisfaction, llisjoyon that occasion 
was found in his diary thus expressed; uomshloissa ; 
that is, Deo, Optimo^ Maximo^ sU honor^ tuus, gtoria, in 
sacula n^tculoruftty Amai* ** I was bom on this day of July 
1635, and God hath given me a new birth: may 1 never 
forget his mercies to me! while he gives me breath may I 
praise him!" In the same year 1696, an order was 
grunted to him for repeating roost of his experiments nt the 
expense of the Royal Society, on a promise of his Bnhh* 
ing (he accounts, observations, and deductions from them, 
an<l of perfecting the description of all the instruments 
contrived by him: but his increasing illness, end general 
decay, rendered him unable to perform it. He cnotinued 
some years in tliis wasting condition j and thus languish¬ 
ing till he was quite emKciatcd, he died March 3, 1702, in 
his 67lh year, at his lodgings in Gresham-cullegc, and was 
buried in St. Helen's church, Bishopsgatc-sirect; hU corps 
being attended by all the members of the Royal Society 
then in Loudon. 

With regard lo Mr. Hooke's charncicr, it is not in all 
spects one of the most amiable. In bis person he made 
rather a despicable figure, being but uf a short statu^ 
very crooked, pale, lean, and uf a meagre aspect, with 
dark-brown hair, very long, and hanging over his face, lank 
and uncut Suitable to his penon, his temper was pe¬ 
nurious, melancholy, and mistrustful: and, though pos¬ 
sessed of great philosophical knowledge, and strot^ men¬ 
tion, he had so much ambition, that he would be thought 
the only roan who could invent or discover; and hence be 
often laid claim to the inventions and discoveries of others, 
while he boasted of many of his own which be never com¬ 
municated. In the religions part of,hia characWr, he was 
so exemplary, that ho always expressed a great ^nerauon 
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for the Deity; anJ seldom received any remarkable benefit 
in life, or made aoy considerable discovery in nature^ or 
invented any useful contrivance, or discovered any difficult 
problem, without noting some professions of acknowledg¬ 
ment to God; as many places in his diary plainly show. 
His chief publicrttions arc, 

1. Lcctioncs Cutlcrian^, or the CuUerian Lectures.-*-2* 
Alicrographia, or Descriptions of Minute Bodies nmdc by 
Magnifying Glasses.—3. A Description of Helioscopes.— 
4. A Description of some Mechanical Improvements of 
Lamps and Water-poises,—5, Philosophical Collections. 

Posthumous Works, collected from his papers by 
Richard Waller, secretary to the Royal Society. Besides 
a number of papers in the Philos. Trans, volumes 1,2, 3, 
5* l6, 17, 22. 

HOR.^RY, something relating to Hours. As, 

Horary CircUs^ hour lines, marking the hours, or 
dniwn at the distunce of hours from one another* 

IlouARY Moiintif is the motion or space moved in an 
hour. Thus, the horary motion of the earth on her axis, 
is 15®; for, completing her revolution of 3(>0®, in 24 hours, 
therefore the motion in one hour will be the 24th part of 
360 ®, which IS 15 degrec^s. 

HORIZON, a great ciiclc of the sphere, dividing the 
world into two parts,or hemispheres; the one upper, and 
visible; the oihef lower, and hid* The horizon is either 
rational or sensible. 

IIouizoN, Rationoly 7Vae, or jlstroncmicalp called also 
simply and absolutely the horizon^ is a great circle Laving 
Its plane pa*»ing through the centre of the earth, and its 
poles arc the zenith and nadir. Hence all the points of 
the horizon, quite ar<iund, are at a quadrant distance from 
the zenith and nadir* Also the meridian and vertical 
circles cut the horizon at right angles, and into two equal 
parts. ^ 

lloaizOK, Apparent^ Sensible^ or VUibU^ is a lesser circle 
of the sphere, parallel to the rational horizon, dividing the 
viiibJe part of the sphere from the invisible, and whose 
Qianc touches the spherical surface of the earth. The 
sensible horizon is divided into eastern and w*estcrn; the 
eastern or ortivc being that in which the heavenly bodies 
rise; and the western, or occidual, being that in which 
they set. 

Horizon, in Geography, is a circle dividing the visible 
part of the <*arth and heavens from that which is invisible. 
This is ^eculinriy called sensible or apparent horizon, to 
distinguish it from the mtiouol or true,which paiscs through 
the centre of the enrih; as alreudy obsorvctl. These two 
horizons, though distant from one another by the scinidi* 
ameterof the earth, will appear to coincide when cbiitinucd ^ 
to the sphere of the fixed stars; because the earth compared 
with this sphere is but a point. 

By sensible horizon is also often meant a circle which 
determines the segment of the surface of the earth, over 
which the eye can reach; adlcd also the physical horizon. 
And in this sense we say, a spacious horizon, a narrow or 
scanty horizon, dte; depending chiefly on the height the 
eye is elevated above tbc earth. 

For, it is evident that the higher the eye is placed, the 
farther is the visible horizon extended. Thus, if the eye 
be at A, at the height ad above the earth; draw the two 
tangents aA, ar; and let one of these lines aA, be moved 
round the point a, and in its revolution always touch the 
surface of tbc earth; then the other point A will describe 
the visible horizon A 0 r, But if tbe eye be placed 


higher as at b, tbc tangents nn and br will reach farther, 
and the visible horizon iiou uill be larger. 
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The visible horizon is most accurately observed at sea, 
and is sumetinics called the horizon of the sea. In obsi rv- 
ing (hid horizon, the visual rays aA and at will, on account 
of titc curve surface of the sea, always poiiU u Irttle belo\v 
the true sensible horizon ss or tP, and cdnseqiienlly below 
the rational horizon tt, which is |>arailcl to it. 

To find tlio depression of the horizon of the sea below 
the true horizon, which varies with the height of the e)e, 
and in a small degree with the variation of the refractive 
power of the atmosphere, see Dephessiok. 

As to the right-lined distance, or tangent aA, it may be 
found thus; as radius : sin. c : : ca : aA, or thus; 
as radius ; tan. 4. c :: cA : aA; either of which will be 
nearly the same as the arc or curved distance dA. Or, 
without finding the angle c, thus; the square of aA is 
equal to the diflercnce of the squares of ca and cA, 1. c. 
aA* =: CA* — cA^ = (ca -h cA) X (CA — cA) s: (ca -+• cA) 
X AD, and hence aA =sv^(ca cA x ad), which is also 
equal to the curve dA nearly. 

'Fhe distance on a perfect globe, if the visual rays came 
to the eye in a stiaight line, would be as above stated: 
but by means of (he refraction of the atmosphere, distant 
objects on the horiztm appear higher than they really arc, 
or appear less depressed below the true horizon ss> and 
may be seen at a greater distunce, especially on the sea. 
M. Legendre, in his Memoir on Measurements of the 
Earth,'in the Mem* Acad. Sci. for the year 1787, says 
that, from several experiments, he is induced to allow for 
refraction a I4ib part of the distance of the place ob* 
served, expressed in degrees and minutc*s of n great circle. 
Thus, if (he distance be 14000 toises, the refraction will 
be lOOO toiscs, eciual to the 57th part of a degree, or 
F 3". But the English, imd other later measurements, 
make the allowance a 12th part; which therefore on the 
same distance will be II67 toises, or the 4$i\i part of a 
degree, equal to 13”. 

Horizon of the C/oAe, the broad wooden circle. 

IIUHIZONTAL, something that relates to the horizon, 
or that is taken in the horizon, or on a level with or pa¬ 
rallel to iu Thus, we say, a horizontal plane, horizontal 
line, horizontal distance, &c. 

Horizontal D/Vi/, is one drawn on a piano parallel to 
the horizon; having its gnomon or style elevated according 
to the altitude of (he pole of the place it is designed for. 

Horizontal Diitance, is that estimated in the direc¬ 
tion of the horizon. 

Horizokta l Uruy in Perspective, is a right line drawn 
through the principal point, parallel to the horizon; or it 
is tbe intersection of the horizontal and perspective 
planes* 

Horizontal Dfne, or base of 0 bill, in Surveying, a 
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lino drawn on the hori/oniul plane of (he hilli or that on 
w Inch ii stands. 

HoRi/oNTAr. Moon. Sec Apparent Macnitudr* 

Houi^tontai. Parallax. Sec Fahallax. 

HoRi/rjXTAL Plune^ is that whiclj is paraUcl to the 
hon/on ot the place, or not inclined to it. 

IloRi/oNTAL ill Perspective. See Plakr. 

IIouij^ontal Prelection, See Projection, and Map. 

Horizontal Itange^ of a piece of ordnance, is the dis¬ 
tance it throws its shot on a lioriT^ontal plane, whatever be 
llie angle of elevation or direction of the piece. When 
the iiicce is pointed parallel to tho horizon, the range is 
then called the puiiit^blank or point-blaiic range.—The 
greatest horizontal range, in the parabolic theory, or in a 
vacuum, is that made with the piece elevated to 45 de¬ 
grees, ami is equal to double the height from which a 
heavy body must freely fall, to acquire the velocity with 
which the shot is discharged. Thus, a shot being dis¬ 
charged with the velocity of v feel per second; because 
gravity generates the velocity 2^' or 32^ feel in the first 
second of time, by falling IOVt ot g feet, and because the 
spaces descended arc as the squares of the velocities, there¬ 
fore as 4^': i'* ; : g : — the space a body must descend to 
acquire the velocity v of the shot, or tlic space due tos)hc 
velocity r; consequently the double of this, or ^ ss 

is the greatest horizontal range with the velocity r, or at 
an elevation of 45 degrees; w hich is nearly half the square 
of a quarter of the velocity. 

In other elevations, the horizontal range is as the sine 
of double the angle of elevation; so that, any other elcva- 

tion being e, it will be, as radius I: sin. 2e :: — : — x 

sin. 2e, the range at tbe elovalion e, with the velocity p. 

But in a resi’^ting medium, like the atmosphere, the 
actual ranges fall short of those expressed by the above 
llieorcins, in so much that with the great velocities, the 
actual or real ranges may be less than Jlhc lOlh or 20lh 
part of the potential ranges; so that some balls, which 
actually range but a mile or two, would in vacuo range 
20 or miles. And lienee also it happens that the elc* 
vationof the piece, toshoot furilK''>t in the resisting medium, 
is always below 45'^, and gradually the more below it, as 
the velocity is greater; so that the greater velocities with 
which balls arc discharged from cannon with gun-powder, 
require an elevation of tlic gun e<|ual to but about 30°, or 
little more. And the less the size of the balls is too, the 
less must this anglcof elevation be, to throw them the far* 
ihest with a given velocity. See Projectile, and Gun- 
NERT. 


Mori/ontal Refaction. See UErRACxioN. 

Horizontal Sptcidum, one to find a horizon at sea, 
tiC, when the atmosphere is hazy near the horizon, by 
which the sight of it is prevented. A speculum of this 
kind was invented by a, Mr. Serson, on the principle of a 
lop spinning, which always keeps its upright position, not¬ 
withstanding the motion of the substance it spiiis upon. 
This curious instrument, ns it has since been improved by 
Mr. Smeaton, consists of a well polished metal speculum, 
of about 3 inches and a half in diameter, inclosed within 
A circular rim of brass; so fitted that the centre of gravity 
of the whole shall fall near the point on which it spins. 
This is the end of a steel axis running through the centre 
of the spccufum, above which it finishes in a square, for 


the convcnicDcy of filling a roller on if, which sets it in 
motion by means of a piece of tape wound about the roller. 
Various other contrivances to form artificial horizons have 
been invented by different persons, as glass planes floating 
on n)ercury,&c. See Hadley’s QuAonANT, and seve¬ 
ral invt ntions of this sort by I'Jlon, Hailey, Leigh, Ac, In 
the Philo'-.'Trans, vol.37, pa. 273, vol.38, pa. l67,vol.40, 
pa. 413,417, Ac. 

HORN-Work, in Fortification, a kind of out-wurk, 
advancing towards the field, to cover and defend acurtain, 
bastion, or other place, suspected to be weaker than the 
rest ; as also to possess a height; carrying in the fore-part, 
or head, two demi-bastions, resembling horns: these horns, 
cpaulmenu, or sboulderings, being joined by a curtin, 
shut up on the side by two wings, parallel to each other, 
are terminated at the gorge of the work, and so present 
themselves to the enemy. 

HOllOGKAPHY, the art of making or constructing 
dials; called also Dialling, Horologiogruphy, Gnomonica, 
Sciathcrica, Phoiosciathcrica, Ac. 

HOROLOGIUM, a common name, among ancient 
writers, fur any instrument or machine for measuring the 
hours. See Clock, Watch, Svn-Dial,Ciirononeter, 
Clepsydra, Ac. 

HOROLOGY, that branch of mechanical sdicncc which 
enables us to measure the portions of time. We judge of 
the lapse of time by the succession of sensible events; and 
the most convenient and accurate measures of its quan¬ 
tity arc derived from motions; cither uniform, or else re¬ 
peated at equal intervals. Of the former kind, the rotation 
of the earth on its axis is the most exact, and the situa¬ 
tion of its surface with regard to tho fixed stars, or less 
simply, with regard to the sun, constitutes the means for 
determining the parts of time,as they follow each otber. 
Of the latter kind, tho rotation of machinery, consisting 
of wheel-work moved by a weight or spring, and regulated 
by a pendulum or balance, affords instruments of which 
the utility is well known. The term horology is at pre¬ 
sent more particularly confined to the principles on whi<^ 
the art of making clocks and watches is established. A 
considerable portion of this extended subject of research is 
given under the article Clock. See also Scapcvtenl, Watch, 
Ac. 

HOROMFTRY, the art of measuring or dividing time 
^by hours, and keeping the account of time. 

HOROPTER, in Optics, is a right line drawn through 
the point where the two optic axes meet, parallel to that 
which joins the centres of the two eyes, or the two pupils. 
As tlic line AB drawn through c tbo point of concourse of 



the optic axes of the eyes, and parallel to in joiniog the 
centres of the eyes.—^This line is called the horopter, be¬ 
cause it is found to be the limit of distinct vision. It has 
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scrcrrtl properties in Optics, which arc described at lar^^e 
in Aguillonius, Opt. lib. 2, diss. 10. ® 

HOROSCOPK was a mathematical instrument, in man¬ 
ner of a pl»ni:»pherc; but now disused. It \sa^ invented 
hy J. Paduaims, wlio wrote a special treatise upon it, 
HORROR of a t^acuumf an imaginary principle among 
the more ancient plnlosophers, to which they ascribed Ihc 

ascentofwaterin pumps,andolhersimilarphenomcnn,\vbich 

arc now known to be occasioned by the weight of the air. 

HURROX (JcaLMjAii), an eminent English astrono¬ 
mer, was horn at loxtcih in Lancashire, about the year 
1619 . From a gmniinar school in the country, he was 
sent to Cambridge, where he spent some time in academi- 

' 3 ht bo^an to apply him>cir to the 

study of astronomy: but living at that time \»iih his fa¬ 
ther at loxieih, in very moderate circumstances, and 
being destitute of books and other assistances for such 
studiw, he could not make any considerable progress in 
It. About the year lO'SG, he formed an acrjiiamtance 
With Mr. Wi liam Crabtree, of Broughton near Manches¬ 
ter, who was engaged m the same studies, with whom a 
mutual correspondence was carried on till his death- 
somclimcs coinimiiiicaling their improvements to .Mr! 
bamucl Foster, professor orgcoinctry ut Gresham College 
in l^ndon. Having now obluincd a companion in h*is 
studies, Mr. Ilorrox assumed new vigour, procured other 
JDStrunK-nts and books, anj was pursuing his stuilies and 
observations with great assiduity, when be was sudrlenlv 

cut off by death, the 3d of January 1 C 4 O, in the 22d year 
ofhisage. ^ 

What wc have of his writings is sufficient to show how 
great a loss the world had hy his death. He hod just 
finished his Venus in Sole visa, I 639 . alitlle before, as an- 
p«r» by soriic of the letters to his friend Mr. Crabtree, by 
which also It appears that he made his observations on 
that phenomenon at Hool near Liverpool. This tract, of 

Venus seen III the Sun, was published at Dantzick inl668, 

by Heychus, together with his own Mercurius in Sole 
vifus iSIay 3 , i(iOi. JJis other posthumous works, or 
ratlicr bis imperfect papers, were published by Dr. Wallis, 

10 1D73, 4lo, with some account of his life; in which wc 
find he first asserts oiid promotes the Keplcrian astronomy 
against the hypothesis of Lambcrg^ which he proves to be 
inconsistent with itself, and neither agreeing with observa¬ 
tions nor theory. He likewise reasons very justly con¬ 
cerning the celestial ^)odics and their motions, vindicates 
Tycho Brah 6 from some objections made to his hypothe¬ 
sis, and gives a new theory of the moon: to which are 
added the Lunar Numbers of Mr. Flamsteed. There arc 
also extracts from several letters between him and Mr. 
Crabtree, upon various astronomical subjects ; with a ca¬ 
talogue of astronomical observations. 

There are two things particularly which will perpetuate 
the memory of this very extraordinary young man. The 
one is, that he was the first that ever predicted or saw the 
planet Venus in the sun; for wc do not find that any per¬ 
sons, besides himself and Mr. Crabtree, ever beheld such 
a phenomenon. Though he was not apprised of the great 
use that was to be made of this phenomenon, in discover¬ 
ing the parallax and distance of the sun and planets, yet 
he made from it many useful observations, corrections, 
and improvements in the theory of the motions of Venus. 
-Secondly, bis New Theory of Lunar Motions, which 
Newton himself made the ground-work of all bis astro¬ 
nomy, relative to the moon, who always spoke of our au¬ 
thor as a genius of the fint rank. 
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HORSr.-Siior., in roilific.itJt.n, is a work sometmu-s of 


incicoed with a pa- 


n round, sonietifiKs ol an o\dl ri 'uii 

rape-t, ruiM-d in the ditch ot anmrsl.^ place, or in io^v 

grounds; sometimes also to cover agate; or 10 serve asu 

lodgment for soldiers, to prevent surprises, or to relieve 
•an ovcr-tedious defence. 

HORSLKV, (Samv t.i., i.L.n. .nnd i. k. s.), a very 
able mathematician and a harned pr. iute, was born li, 
October 1732, and did October 4 , 1806; consequently 
about / 4 years of age.—He received ihe 1 letnents of his 
education at Wcstminster-school, whence he wav removed 
to the university of Cambri.lge. 'ih.re he c),ielly ap¬ 
plied to the study of malbcniaties; and not content wnb 
carefully consulting Ihe writings of the acuUst of the 
moderns, he recurred to the profoundest of the ancients 
111 tlial line, and made himself ma'U r of their inoxi intri¬ 
cate leasoniiigs. Having taken his degree as master of 
ails, he accepted an iiivimiion to uccoinpiiny the lute Lari 
of Aylcsloid, us private tut..r, to O.sford. Here, in 1760 
Dr. Horsley print. d liis edition of tlie Geomeiricrtl Incli¬ 
nations of .Xpollonius, and here he first conceived the de¬ 
sign ol publishing a complete edition ol the works of Sir 
Isaac Newton, for which he began to piepaie the mate¬ 
rials. And from that time, it has been more the fashion 
to cultivate the mathematical sciences at that university 
On leaving this place, Dr. Horsley came to London, wherj 
he was elected f. r. s. and enriched the I’hilos. Trans, 
with many valuable essays, from vol. 57, to vol. 66 . He 
vyas also chosen one of the secretaries in 1773, on the re¬ 
signation of Dr. Morton ; an office he continued to si rve, 
with the greatest credit to himself and benefit to science, 
till he thought it proper to resign along with the late nrc! 
sident Sir John Pringle, in 1778 . Soon after setllinw in 
the metropolis. Dr. Horsley whs noticed by Bishop Louth, 
and was appointed his lordship’s domeyic chaplain, as 
well as was presented by ibul prelate successively to seve¬ 
ral different livings. In 1776 , Dr. Horsley published 
proposals for a complete edition of the works of the 
immortal Newton, with notes, which appeared in 1779, 
in 5 vols. 4to, with an elegant Latin dedication to the 
king. Ill 1778 he preached and published a se-rmon 
against the principles of materinlism, agitated between the 
doctors Price ami Priestley &c : and on the publication, 
m 1783, of Dr. Priestley’s History of the Corruptions of 
Chnsliaiuly, Dr. Horsley again attacked the positions and 
principles ol Uiat writer and bis adherents, with great op- 
plause and success, and there ensued an exchange of sevc- 
ral pamphlets, &c. on both sides; which chietly laid the 
foundation of Dr. Horsley's elevation to the episcopal dig¬ 
nity in 1788, assisted probably, by the very celebrated 
speeches he made in the course of the violent debates, that 
t^k place in flie Royal Society 2 or 3 years before, on 
the occasion of the removal of Dr. Hutton from the office 
of foreign secretary, when Dr. Horsley, and several other 
membere, forsook, as expressed in his own forcible lan¬ 
guage, that temple where Philosophy once reigned, and 
where Nevvton presided as her officiating minister." In 
1794. Dr. Horsley was translated from St. David’s to the 
Rochester, with the deanery of Westminster; and in 
1802, to the lucrative see of St. Asaph. In 1801 he pub¬ 
lished the first, ond in 1803 the last, of 3 nclavo volumes 
of pra^ical mathematics, for the use of students; consist¬ 
ing of Euclid's lilcmcnis and Data, with notes; the pro¬ 
perties and projection of the sphere, and spherical trigo- 
uometry; Archimedes on the mensuration of the circle; 
a tract on the nature and use of logarithms, See. Besides 
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t1ic*50, nun'.croiis rind imporlnnt were the \\iilingsand la¬ 
bours nf l)r. Hor^Uy in itjcology, politics, &c, loo iiumc- 
roos to be bore enCorc<l into in dcluil. 

DocN^r ) wont down to Brightholmstonc in the 

lallor oihI of Sopromber I806\ where be liati not been two 
weeks, before be was seized wiili a ct>m|)laint in ihc 
bowels, then rr( <|:jent in tbo place, which soon turned to a 
rnorliticiUion ; and tenninnUni his valuable cxislencc on 
tlie 4lh day <jf his illness. 'I'lioiigh Doctor lloisley had 
naclied tlie 74lh year ot liis age, the powers both of his 
body and mind were so vigorous, as Xo promise still a cun- 
sidcfublo leugib ol years; indcctl he was always of a very 
reinurkahly active and eneigetic cast of mind, and Ihin 
coin))uct constitution of body. Pei haps no man of the 
age, possessed rnun* of what is termed recondite learning; or 
wjis more profoundly \erM*<l in classical chronology. As 
a senator, be ranke<l in the first class; there were few 
important di^cuss^on^ in the house of lords, in which he 
did not participate; especially when the topics related to 
the liiiTarchical estahlishincnts of the country, or to the 
rn iich revolution, nr to the African slave traiic, of which 
be was a sy^temuli: op poser. As nn orator, his voice was 
de(*p, fulUtoned, and commanding; his enunciation was 
<li$tii)ct and clear; and his delivery in other respects, 
highly advantageous; abating only lor a remarkable mix* 
turc of certain guttural sounds, such as aie almost pccu* 
liar to the inhubitants of the county of Northumbevland ; 
occasione<i, he usc<l to say, by the circumstance of a nunc 
from that part of ICnglund Icing long employed in his fa* 
iher's family. 

HOSPITAL, or IIoriTAL (William^Framcis Ak- 
TiioNY, mar/juis of), a celebrated French mathematician, 
was born of an ancient family in 1661. lie was a mdthc* 
malician nlmof^t rr4>m his infancy; for being one day at 
the duke of Kohuj/s, where some able mathematicians 
were speaking of a problem of Pascars, which appeared to 
them very difficult, he ventured to say, that he believed 
he Could resolve it. 'I'liey wore surprised at such pre^ 
sumption in a boy of 15: however, in a few days he sent 
them the soliilirin. M. I'llospital entered early into the 
army, and wus u captain of horse; but being very short* 
sighted,^nd on that account cxposr<l to perpetual incotw 
veiiiencos and errors, he at length (fuitted the army, hnd 
applied liiinself entirely to his favourite amusemeiit.^He 
contracted a friendship with Mulbraiichc, and took his 
opinion upon all occasions.itiyt) he. was received an 
honorary member of t/ic Academy of Sciences at Paris.— 
He was the first person in France who wrote upon New¬ 
tons analysis, and on (his account was regarded almost ns 
rt prodigy. His work was entitlodTrAhalyso des Infini- 
mens P(?tils, He engager! aflerwanU in another 

mathciuaticnl work, in which he included Ixs Sections 
Coniques, lev Licux Gcometriques, la Construction dcs 
Kquaiions, ct une Theorlc dcs Courbes Mcchuniques; 
but, a little before he had finished it he was seized with a 
fever, which carried him off, the 2d of February 17U4, at 
43 years of age. The svork was published after his death, 
viz, in 1707. Six of his pieces are inserted in diffenml vo¬ 
lumes of the Memoirs of the Academy. 

HOUR, in Chronology, an aliquot part of a natural 
day, usually the 24th, but sometimes a I2th part. With 
us, it is the 24tli part of tKe earth^s diurnal rotation, or 
the ttfne from noon to noon, and therefore it answers to 15 
degrees of the whole circle of longitude, or of 360®. The 
hour if divided by 6otlis, vi^, first into 60 minutes, then 
each minute into 60 seconds, &c« The division of the day 


into hours is very ancient; as is shown bv Kirchcr,Ocdip 
/Egypt, tom. 2, par. 2, class 7, cap. 8. The most ancici.i 
hour IS that of the !2th pan of the day. Herodotus 
lib. 2, observes, tliat the Greeks learnt from the Egyptians’ 
among olhc r things, the method of dividing the day into 
12 i^arts. And liic astronomers of Cuthaya, &c, still re* 
tain tlii> division. 

llm divijiou of the day info 24 hoors, was not known 
to thi‘ Romans before tlie Runic war. Till that time they 
only rcijulatid their days by the rising and si tting uf the 
stin. Tliey divided the 12 hours of ihoir day in four; viz 
Prime, wliich commenced at 6 o'clock, Third at £), Sixth 
at 12, and None at 3. They also divided the night into 
four watches each containing 3 hours. Various kinds of 
hours are used by chronologers, aslronoincrs, dialisls, &:c. 
Somltimes too,^ 

Hours arc divided into equal and unequal. 

Byuft/ Hours, are the 24lh parts of a day and night 
precisely ; ihai is, the time in which the 15 degrees of tlie 
equator pass 'he meridian. These are also called equinoc¬ 
tial hours, because measured oii thee(|uinoctial; and astro- 
iiuniical, because used by astronomers. 

yi!frf)jio//,ic/4i Hours, arc equal hours, reckoned from 
noon to noon, in a continued senes of C4. 

Baliylonith fiouus, are equal hours, reckoned from sun¬ 
rise in a coiuinucd series or24. 

£«roy>efln Hours, used in civil computation, arc equal 
hours, reckoned from midnight; 12 from thence till nooo, 
and 12 more from noon till midnight. , 

/iiicienl or Jewish Houn.s, are twelfth parts of the artifi¬ 
cial day,l)r of tho night, lienee, a? it is only ot the time 
of the equinoxes, that the artifirinl- day is equal to the 
nighf, it is then only iha: the hours of the day are equal 
to tliO'C of the night, or to the 24ih part of the natural 
day. From the vernal to tho nutuninal equinox, the 
hours of the day excecil those of the niglit-; but during 
the interval between the autumnal and vernal equinoxes, 
the hours of the night are longer than those of the day. 
It is tliereforu manifest, that when it is said the third hour 
was about nine in the morning, and the ninth nbout three 
in the afternoon, this is not to be undcrstuoil us rigorously 
exact. The third hour was ihc middle time between iim- 
liung and noon; which, if the sun ruse Rt,/?re, was h<i{f an 
hour tffier ei^ht; ifat seven was hntfan hour after nine, A'C. 

The-following table c.xhibits the tinie of the sun-rising 
and setting, ntui the length uf the Jewish hour, both of day 
and night; us calculated fur about flic miiTdlc of every 
Jewish month, and for the latitude of Jcriisiik-m. 


1 

Ntnn of the Monitu. 
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kl 

10 

0 

50 
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11 

0 

49 
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5 10 
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1 

8 

0 

52 
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1 

4 

0 
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0 

59 

1 

1 
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5 26 

0 

54 

1 

6 
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0 

51 

1 

9 
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0 
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1 

10 
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1 

7 
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0 
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1 
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Ualion Ho\»rs, arc equal hours, reckotietl from sunsi r, 
in a coiUinucd series of 2+* 

UnequaloT Tmporary HiiURS, arc 12th parts of the ar¬ 
tificial day and night. l*hc uhliquity of lliu splierc ren¬ 
ders these more ur less unequal ac ditfeivm times; so tliut 
they only agree with the equal iiours at the times of the 
equinoxes. 

HofK-CiVcte, or HoEART-CiVc/ci, arc great circles, 
luoetingin the poles of the globe or wojUI, and crossing 
the equinoctial or equator at right angles; the same as 
rucridians. They are supposed to be drawn thiough every 
I5th degree ol the equinoctial and equator, each answer¬ 
ing to an hour, and dividing the^n into 24 e<|ual parts; 
and on both globes they are supplied by the luericiiaii 
hour-circle and index. 

no¥E-&/4», a popular kind of chrononutcr or ctepsy* 
dra; serving to measure time by the descent or running of 
sand, v^aler, &c, out of one glass vessel into another/ 'Fhe 
best, it is said, are such as, instead of sand, have egg* 
shells, well dried in the oven, therv beaten tine an<l sifud. 

HoUR-Iititri, on a dial, are lines winch ari^e from the 
intersections of the plane of the dial, with the several 
planes of the hour-circles of the sphere ; and therefore 
must be all right lines on a plane dial. 

HooR-Sraie, a divided line on the e<igcof Collins’s qua¬ 
drant, being only two lines of tangents of 45 degrees each, 
set together in the middle. Its use, together with the 
lines of latitude, is to draw the hour-lines of dials that have 

centres, by means of an equilateral triangle, drawn on the 
dial-planes. 

HOWITZ, or HowiTZEa, in artillery, a kind of mor¬ 
tar, or something between a cannon and mortar, partaking 
of the nature of both, being either a very short gun or a 
long mortar. It is of German invention, and is mounted 
on a carnage like a travelling gun-carriage, with its trun¬ 
nions placed nearly in the middle. The howitz is one of 
the most u^ful kinds of ordnance, as it can be employed 
ocpasiomlly cither _a8 a cannon or morUir, discharging 
either shells or grape-shot, as well as balls, and so doing 
great execution. They arc also very easily travelled about 
from place to place. 

HUDDL (John), a burgomaster of Amsterdam, and 
a respectable mathematician, who died at u great age in 
1704, Having liccn as great in poliiicaas in mathema¬ 
tic, he served hit country in distinguished situations, and 
cmitribuled, by his discoveries, to tbo advancement of the 
sciences. He applied biinsclf particularly to the analysis 
of equations. One oThis two letters, inserted in Sebooten’s 
Coinmcntury on the Geometry of Descartes, contains a 
Tery ingenious method for discovering whether an equa¬ 
tion of any dimension has equal roots, and for determining 
those roots. In the same letters wc find Hudde's methods 
of drawing tangents to curves, and of investigating the 
maxima and minima in mathematics. 

HUl^ (Robert), was born at Little Hereford, in Ho- 
refordihire, about 1552, and studied at Oxford. He be¬ 
came eminent for his knowledge in geography, navigation, 
and mathematics; which acquired him particularly the 
favour of that noble Maiccnas, Henry carl of Northumber¬ 
land, being one of the earls so called three' magi; from 
whom he enjoyed a liberal prruion, for the encouragement 
and promotion of bis studies, He died in J632, at 79 
years nf age, and was buried at Christ’s Church, Ox- 
on.—His publications were chiefly two; viz. 1, Brevia- 
rium totiui Orbis; printed severu times at London, in 
Vox,. 1. 


I^nin and Knglish, iu Svo and I2mo.—2. Dc Globis rc- 
lesl. et tirrest. Traci. 2; several times primed in Laim 
an<l hiiglisli, ill tivo. ‘Ihe first edition v»as printol ;it 
Loud, n 13y3, in 8vo. It was afterwards iiiipruved by 
aiinotuiioii'), and illustrated with figures, by Juli. Isaac 
Ponlaiius, profissor ol pliilosoiihy at llarderwicke, in Gel- 
derlaiul, prinlL-d at Amsterdam, l6l7, J624, five, at Lon¬ 
don, 1631), and at Oxon, \663, in 8vo and 12mo. See 
Wood, vol. 1, pa. 4«9. 

Hues was a man of letters, and had acquired a practi¬ 
cal knowledge of maniiroe aft'airs, by voyages at s,a. 
Among other curious particulars, he gives a good account 
of the att< nipts that had been made at various times to 
measure the earth : in tlic epistle to Sir Walter RaU-igti, 
he enumerates the many discoveries made by our mari¬ 
ners in difTerent pails of the world. His bonk was re¬ 
ceived with great applause, and has been indeed a pattern 
for such as alter wards treated on the same subject. Among 
other problems, he solves by the globe, the problem of 
determining the latitude, from two observations of the 
sun’s altitude, when the time between the two observa¬ 
tions is given ; and in the last pari of his book, he per¬ 
forms tbe usual questions in navigation, premising a very 
sensible discourse on the rhumb-lines, opposing the opi¬ 
nion of Gemma Frisius, who bad asserted, that they meet 
ill the poles. At the conclusion, he highly praises a trea¬ 
tise of Mr. Thomas Hariot, hoping it would soon be pub¬ 
lished, in which that author had treated this subject 011 
geometrical principles, with great sagacity and judgment. 
But unfortunately that manuscript has not been fouml 
among the papers of that author, lately iliscovercd by Ur. 
Zach. 

It was in this book that Hues proposed a curious nau¬ 
tical problem, which has made a considerable sensation in 
the mathematical world. It was in these words, as trans¬ 
lated into Lnglish : “ The dill'crence of longitude and the 
distance being given, how to find the ruinhe, and the dif¬ 
ference of latitudiV' After which he adils these words : 
“ There is not anything in nil this art more diflicult and 
hard to be found, than the rurabe out of the distance and 
difference of longitude given. Neither can it be done 
upon the globe without long and tedious practice, and 
many repetitions and mensurations '' 

Tnc next person who appears to have mentioned this 
problem, was Willcbrurd bnell, professor of mathematics 
at Leyden, in bis Tiphys Batavus, printed in lf)24, being 
the S4th or last proposition of the first book of that work. 
Snell solved this problem in an indirect way ; and it seems 
probable that bis solution was the first that ever wus given . 
of it. 

The problem was afterwards proposed to the learned* 
world, by tbe celebrated Dr. Halley, in the year 1696, in 
the Philos. Trans, vul. 19, No. 219; whence it was repeat¬ 
ed in the 2d vol. of the Miscellanea Curio'sa in I7O8, as 
he bod probably not seen it in cither of tbe foregoing au¬ 
thors. Dr. Halley proposes it in the following words: 

“ A ship sails from a given latitude, and, having run a 
certain number of leagues, has altered her longitude by a 
given angle; it is required to find the course .steered.” 
And ho then adds, “ The solution hereof would be very 
acceptable, if not to the public, at least to the author of 
this tract, being likely to open some further light into the 
mysteries of geometry.” 

Since that time, this problem has been solved in an in¬ 
direct manner, by several writers on navigation, and 
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H>ih(r5:—As by M. B<juguor> in his Nnuveau Traite de 
NavJ^^ltio^; by Mr. Robertson, in the 2d vol. of liis Ele- 
nu ht'i of NiUi^atiou; by Mr. Emerson, in his Theory of 
Nuvigari' i*; by Mr. Israel Lyons, in tlie Nautical Alma* 
lukck, 1772; ;nul by M* Rezoiit, in hisTrait6 de Naviga¬ 
tion ; and lately, Baron Masercs, with the assistance of 
Mr. Atwood, has i;ivcn a direct solution of this problem, 
hein^ the tii>t <hrect solution llial has been aiven of it. 
All ubich solutions may be seen in the 4t1i vob of B<^ron 
JMasiTcbS wtuk, cntitbMi Scnptoies Loilarilhnnei. 

llUMIDI'rV, or moisture, the pcnvir or (juality of wet¬ 
ting or moistening <)IIut bodies, and adhering to them. 
J'hiids arc moist to some bo<Hes, and not to others. Thus, 
quicksilver is not nu>i>t in respect to our hands or clothes, 
and other stib^tanco, whielk it will not adhere to; but it 
may be calknl linriiul in n lercnce to gold, tin, or lead, to 
the suI faces of which it w ill presently adhere, and render 
them fott ami nu>l^t. Even water itself, which wets almost 
every thing, and is the great standard <if moisture and hu* 
inidity, is nut capable of wetting ull things; for it stands 
or runs oiV in globular drops from any thing greased or 
oiled, or the leaves <if cabbages, and many other plants; 
and it will not wot the feathers of ducks, gec^o, swans, 
an<l other water-fowl. 

HUNDRED, tin* number of ten times ten, or the 
square of 10. The place of liundnds makes the third in 
order in Arabic or modern nuiucration, being denoted 
thus, too. In the Roman notation it is denoted by the 
letter c, being the initial of its name, Centum. 

Huh DUE n freight^ or the great hundred, contains 112 
pounds weight. It is subdivided into 4 quarters, and each 
<|uarter into 28 lbs. 

IlUR'rERS, in FortiHcation, denote pieces of timber, 
about 6 inches square, placed at the lower end of the 
plutform, next to the parapet, to prevent the wheels of 
the gun-carrrages from damaging the parapet* 

HUY'GBNb (Ciiristmn), a very eminent astronomer 
and mathematician, was born at the Hague in Holland, in 
1629, being the son of Constantine Huygens, lord of Zuyli- 
chetn, who had served three successive princes of Orange 
in the quality of secretary. Ue spent his svhole life in 
cultivating the mathematics; and not in the speculative way 
only, but also in making thorn subservient to the uses of 
life. From his infancy he discovered an extraordinary 
fondness for the niatheniatics; in a short time made, a 
great progress in them ; and perfected himself in those stu¬ 
dies under professor Schooten, at L(*ydcn. In 1640 he 
went to Holstein and Denmark, in the retinue .of Henry 
count of Nassau; and was cxtrenicly dcdirous of going to 
^Sweden, to visit Descartes, who was (ben in that country 
with the queen Christina, but the count's short stay in 
Denmark would not permit him.—-In 1651 he gave the 
world a specimen of Ins genius for mathematics, in h trea¬ 
tise entitled, Theoremata dc Quudraiura Hypcrbolse, El¬ 
lipsis, ct Circuli, ex date Portiunum Gravitatis Centro; 
tn which he clearly showed what might be expected from 
him afterwards.—In 1655 he travelU'd into France, and 
took the degree of ll.Qx at Angers.—In l65S he pub¬ 
lished his Horologium OsVllatorium, sive do Motu Pen- 
dulorum, &:c, at the Hague. He had exhibited in a for* 
mer work, entitled Brevis Institutio dc Usu Uorologtorum 
inveniendas Ix)ngitu(lines, a model of a now-invented 
pendulum; but ns some persons, envious of his reputation, 
were labouring to deprive him of the honour of (he ioven- 
(ion, he wrote this book to explain the construction of it; 


and to >how that it was very different from the pendulum 
ofaMronoiners invented by Galileo.—In 1659 he published 
his Sy^tema Saturninum, & c ; in which he first of any one 
explaincfl the ring of Saluin,*aiid discovered also one uf 
tlie satellites belonging to tbal planet, which hud hitherto 
escaped the eyes of astronomers: new discoveries, made 
with glasses of his own forming, which gained him a high 
rank among the u^tnmoiners of his lime. 

In 1660, he l<iok a second journey into France, and 
the year after passed over into England, where he commu¬ 
nicated his art of polibhing glasses for telescopes, and was 
made Fellow of the Royal i*ocicty. About this time the 
air-pump was invented, which received considerable im¬ 
provements from him* This year also he discovered the 
laws oi the collision of chistic bodies; as did also*about 
this time Wallis and Wren, with whom he had a dispute 
about the honour of this discovery* On bis loturn to 
France, in 1663, the minister Colbert, being informed of 
his great merit, settled a comidorable pension on him, to 
engage him to lix at Paris; to which Mr. Huygens con¬ 
sented, and staid there from the year I666 to 1681, where 
he was admitted a member of the Academy of Sciences* 
All this time he spent in mathematical pursuits, wrote se¬ 
veral books, which were published from time to time, and 
invented and perfected several useful instiuments and ma¬ 
chines : particularly he had a dispute, about the year 
160*8, with Mr. James Gregory, concerning the quadra¬ 
ture of the circle and hyperbola of the latter, then just 
published, in which Huygens it seems had the better side 
of the question. But continual apphciuion gradually im* 
paired his health; and tliougb he hud visited bis native 
country twice, viz, in 1C70 and l675, for tlie recovery of 
it, he was now obliged to betake himself to it altogetoer* 
Accordingly he left Paris in 1681, and retired to his own 
country, where be spent the remainder of his life in the 
same pursuits and employments. He died at the Hague, 
June 8,. 1693, in the 67th year of his age, while bis Cos- 
mothcoros, or trcatjso concerning a plurality of woflds, 
was printing; so that this work did not appear Ull l698. 

Mr. Huygens loved a quiet and studious manner of life, 
and frequently retired into the country to avoid interrup¬ 
tion, but did not contract that moroseness which is so 
commonly the effect of solitude and retirement* He was 
one of the purest and most ingenious mathematicians of 
his age, and indeed of any other; and made many valuable 
discoveries. He was the first who discotered Saturn’s 
ring, and a third satellite of that planet, as mentioned 
above. He invented the means of rendering clocks exact, 
by applying tlio-pendulum, and of rendering all its vibra¬ 
tions equal, by the cycloid* He brought telescopes to 
peifcction, and made many other useful discoveries. 

He was the author of many excellent works. The prin¬ 
cipal of those are now contained In two collections, of 2 
volumes each, printed in 4to, under the care of professor 
Gravcsandc. The first was at Leyden, in 1682, under the 
title of Opera Varia; and the second at Amsterdam, in 
1728, entitled Opera Rcliqua. 

HYADES, a cluster of 5 stars id the face of the coo- 
stellation Taurus, or (he BulL 

HVALOIDES^ the vitreous Rumour of the eye, con¬ 
tained between the tunica-retina and the uvea. 

HYUERNAL Oeddeni. Sec Occidbkt.. 

riYBERNAL Orient. Sec Orient* 

HYDATOIDES, the watery humour of the eye, con¬ 
tained between the cornea and the uvea* 
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HYDRA, a southern constellation, consisting of a 
number of stars, imagined to represent a waUT-verpenl. 
'I'hc stars in the constellation (lydru, in Ptuk-iny's cata¬ 
logue, are 27; in Tycho's, 19 ; Hevelius’s, SI ; and in 
the Britannic citlaloguc, 6o. 

HYDRAULICS, the science of the motion of water 
and other Iluids, with its appliculion in urtihcial waivr- 
works of till kinds.—As ti» what respects merely the equi¬ 
librium of Huids, or their gravitation or action at rest, be¬ 
longs to hydrostatics. On removing or destniying that 
equilibrium, motion ensues; and here hydraulics com¬ 
mence. Hydraulics therefore suppose hydrostatics ; and 
many writers, from the near relation between them, like 
mcciumics and statics, join the two together, and treat of 
them conjointly as one science,—The laws of hydraulics 
arc given under the word Fluid. And the art of raiding 
water, with the several machiiu-s employed lor that pur¬ 
pose, arc described under tlicir several names. Fountain, 
Hydrocanisteriuin Pump, Siphon, Syringe, 6cc. 

The principal wiilefs who have cultivated and improved 
hydraulics and hydrostatics, are Archimedes, in his Libris 
dc Insidentibus Humjdo ; Hero of Alexandria, in his Liber 
Spiritualium ; Marinus Ghelaldus, in bis Archimedes 
promotus; Mr. Oiightrcd ; Jo. Ceva, in his Gcoiiietria 
Molus; Jo. Bap. Baliaiius, De Motu Naluruli Gravium, 
Solidorum et Liquidoruin ; Mariottc, in bis tiratiseof the 
Motion of Water and other Fluids; Boyle, in his Hydro- 
statical Paradoxes; Fran. Tertius de Lanis, in his Ma- 
^slcrium Natur® ct Artis ; Lamy, in his Traill dcTEqui- 
libre des Liqueurs; Rohault; Dr. Wallis, in his Mecha¬ 
nics; Dcchales; Newton, in his Principia; Gugliclmini. 
in bis Meusura Aquarum Fluentium ; Herman; Wulhus; 
Gravesande; Musschenbroek; Leopold; Schottus, in bis 
Mcchanica Hydraulico-Pneunialica; Geo. Andr. Bockler, 
in his Architectura Curiosn Germanica ; August. Rum- 
milleis ; Lucas Antonius Fortius; Sturmy, in his treatise 
on the Construction of Mills; Switzer’s Hydrostatics; 
Varignon, in llie Mem. Acad. Sci.; Jurin; Bclidor; 
Bernoulli; Desaguliers; Clare; Emerson; Ferguson; 
Ximeiies ; Bossu ; D’Alembert; Buat; Ate, &c.—See 
also Pumps, St^am Engines, Sec. 

HYDRAULICO-Fkf.uuatical, a term applied by 
some authors to such engines as raise water by means of 
the weight or spring of the air. 

HYDRAULIC Ram, the name of a machine by Mont¬ 
golfier, for raising water. 

The ingenious idea of raising water by the momentum 
of water itself, was first suggested by Mr. Whitehurst in 
the Philosophical Transactions for 1775. The same 
principle, in an improved form, has lately been revived in 
France, and has excited copsiderable altenlion both on 
the continent and in this country. Whatever credit there¬ 
fore is due to the inventor of the Hydraulic Ram, pro¬ 
perly belongs to our countryman Mr. Whitehurst, and 
Montgolfier can lay claim to nothing rqore than the merit 
of an itnprovcr« 

Mr* Whitchurfl'i machine, which is rcprcwnlcd in fig, 1. 
pi. l6f was actually erected at OuUon in Cbcsbire, and 
completely answered the expectation of its inventor* AU 
is the original reservoir, wtmse surface is on a level with 
0 | the bottom of the reservoir bn. The main pipe aa, 
is 1| inches dUmotrr, and nearly two hundred yards long, 
and the branch pipe %w is of such a siae that the cork r 
is about l6 feet below the surface n of the reservoir* D 
is a valve box, with its valve a, aud o is an air vessel, 


into uhich arc inserted tliQ extremities n, of thr* iiuuh 
pipe, bent downwards to prevent the air from being dim ti 
out when the wntur is f^iccd into it. 

Now, since the diticrence of level between the cock > 
and the top of the rex* r voir am is J6 feel, on opening the 
cock F the water will rush out with a vclociiv of nvarlv 
SO feet per si'cond. A column of water tin lefore 200 
yards )ong> is thus put in motion. an<l though the aperture 
uJ the cock F be small, it must have u very coiisulerablc 
momentum. Li t the cock F be now suddenly stopped, 
the water must evidently rush throULh llic valve a into 
the air vessel c, and condense tim included uir. I'his 
condensation must take place every time the cock i> opeiud 
and shut, ami the included air being high)) compre^ed. 
will press upon the water in the air vessel, and raivu it into 
the reservoir BN. 

From this brief description of Whitehurst's machine, 
the reader will easily peicrive its resemblance to Mont* 
gollicr's hydraulic rum, a section of which U represented 
by fig. 2. a i*' thercservoir« the height of the fall, and 
ST the horizontal tube which conducts tlio water to the 
engine abiitc. t and d are two vaivcsi and fo a pipe 
reaching within a very little of the bottom CB. Now let 
water descend from the reservoir,, it will rush out at the 
aperture mn till its velocity becomes so great as to force 
up the valve £. The water being thus suddenly checked, 
and unable to find a passage at mn, will move forwards 
with great violence mu) force towards H, and raise the 
valve t)« A portion of water being admitted into the 
vessel A BC, the impulse of the column of fluid is expended, 
the valves D and b full, and the water rushes out at m n as 
before, when its motion is again sto|)|>od, luid the sume 
operation ri'peated winch hus now been described. Every 
time thcrefiirc that the vulvc £ cIoh*$, n portum of waler 
will hirce its way into the vessel abc, uiid condense the air 
which it contains; for the included air has nocommuni-- 
cation with the atmosphere after the water is higher than 
tbe bottom of the pipe ro. This condensed uir will con* 
'scquenlly exert great force on the surface op of the w ater, 
and raise it in the tube fo, to a height proportioned to 
the elasticity of the imprisoned uir. The eNtcrnul ap¬ 
pearance of the engine, copied from one in the possession 
of Professor lA^lie, is exhibited in iig.d; where abc is 
the air vessel, F the valve box, c tbe exir^^ty of the 
valve,and M K screws for lixing the horrzontaltubv to the 
machine. A piece of brass, a, w ith a small aperture, is 
screwed on the top, when the engine is cniplo)eJ, to form 
a jet of water. 

From this description, it will easily he perceived that 
the only diflercnce between the engiiu's of hlontgolflcr utid 
Whitehurst is, that the one requires a person to turn the 
cock, while the other has the advantage of acting sponta* 
ncously* Montgoltier assures us (Journal dos Mutes, voE 
IS, No.73) that the honour of this invention docs not 
belong to England, but tliat be is the sole inventor, and 
did not receive a hint from any person whatever. We 
leave it to tbe reader to determine to whut degree of credit 
these assertions are entitled. 

It would appear, from some exi>crimenU of Montgol¬ 
fier, that the effect of (he wutcr*ram is equal to between 
I and } of the power expended; wliicb xenders it supc-^ 
rior to most hydraulic engines* Appendix to Brewster's 
Ferguson's Lectures, pa, 419* 

The principles on which the ram of Montgolfier is con* 
sir acted, are susceptible of a very extensive application : 
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thu'*' it \Toi>UI Ur ax^^y to raise oihrr water beside* that on the Motion and Resistance of Fluids^ by Mr. Vince, 


wiich Muis ihroiish the ram; a* for example, with a 
fait of wal<r we miiiht by u sli;;ht modification of this 
M'arlnne rane water Iroin the bottom of wells, or c\rn of 
nnnrs. 

Oilu r inarliines analogous to Montgolfier's engine have 
bten invenn ti hy Messrs.Sarjratil and Ihiulton ; and the 
crlehriit«d l*\<ltaulic engine in ('hemnitz in Hungary is 
cliijcly allud lo the rani in princi|)le. M. Montgolfier 
siigge.^ts the utility f*f liis invention in the draining of 
iinnes ; an<l in that cu'^c, the hydraulic ram and the Hun¬ 
garian inacliiiie would hretune very nearly if not altoge¬ 
ther identical as topiiucifdc. 

11V DUOl)V N A M 'CS, (hat branch of mechanical 
science which relates to the niotitm ot non*elastic lluicU, 
and the forces with winch they act u|>on bodies <>pposcHl 
to them. 

'riiere is no part of mechanics the true llieory of which 
\vc arc so little acejuainted with as that which lespects the 
motion of Huids. Nor is it strange that the knowledge 
we do possess of thi< vciencr sliouUl be so dubious iind 
confined, when we cousifU*r the many jiuwerlul obstacles 
which conlintiJilly prt'srnl tin lusrlvcs in the cultivation ol 
it. 'I he mass, llic tignie, and the number ol [larliclcs of 
a fluid in motion, aie particulars with which \%e arc too 
superficially acquainleil to ileterminc the laws of its mo¬ 
tion, witli any salislactoiy ilegree of accuracy ; and oven 
if we were in possession of the ilulu hy which those laws 
might be determined, it is doubtful whether we should be 
much farther advancecl, as it might be extremely difTictili 
to deduce any convenient anti practical results from the 
intricate and complex expressions which might be tib- 
tained from the investigation. The greatest mntheruati* 
cianshavc been forced to yield to the numerous difficulties 
of these rcseurchcs, and to confess that the methods so 
successfully followed in the mechanics of solid bodies, <|o 
not oRurd any conclusions with respect to fiuids, but such 
as urc too general and uncertain for the greater part of 
particular cases. Whatever we have of this science is 
almost exclusively due to the labours of modem analysts 
and geometers; for the only work which has n^ached us 
from the uncients is that of Archimedes, in two books, 
entitled De insidentibus humido, in which the only on* 
quirics respect the sinking and floating of bodies in fluids, 
(heir relative gravities, levities, situations and positions, 
when in cquilibno. It is indeed true that some hints, os 
well as rules, on the motion of fluids, are contained in a 
treatise attributed to Sextus Julius Frontinus, inspector of 
public fountains at Rome, under the emperors Nerva, 
Cocccius, and Trajan, entitled, Do Aejum ductibus urbis 
Roma* commenlarius; but they are not of sufficient im* 
portance to deserve much attention by a student in this 
science. Benedict Castclli was the first who opened the 
way lo a true measure of the (lux of waters, in his Treo* 
lise Della Mesura dell' Aquae Current!, which measure 
he found to depend on the area of (ho section and the ve* ' 
iocity of the water conjointly* The moit valuable and 
important discoveries and theorems in this department of 
science, are given in Sir Isaac Newton's Principia, hb*2, 
pr* 36, with the comment: Dan. Bernoulli's Hydrody* 
namique; D'Alembert’s Trait4 des Fluidcs; D. George 
Jpan's Exainen maritimo Thoorico Practice; M. Bos- 
sut's Hydrodynamique; Buat's Principcs d* Hydraulique, 
and Mr« Eytelwein's Flandbuch der Mecbanick und dcr 
Hydraulique. To which may be added an ingenious paper 


in the Pliilos. Transact, for 179^; and those by the late 
Dr. Mdtihew Young in the Irish Trans.—See Hyorac* 
i.ics. 

HYDROGEN, the basis of what has been generally 
railed inflammable air, and is one of the components of 

wattT. * 

HVi>UOGKN Got, an insisiblc elastic aeriform fluid 
uncotidvtisiblc hy an) known cold, and is the only form 
in which pure hydrogen has ever been exhibited. The 
specific gnivity of this gas suries considerably, according 
to the manner in which it has been procureci. In general, 
when pure, it In from 6 to 10 or even to 12 times lighter 
than common air, so that 8 liiiu's may be considercil sis a 
general average. It is one of the most inflainiiiable sub¬ 
stances we are acquainted with ; that is to say, it com* 
bines with more oxygen than any other body, and occa* 
sums niore luat by its combustion; it being u well csta* 
blished fact* that hytirogen and oxygen gases, when mixed, 
priulticc the 'most intense heat yet known*. 

One cif the most striking properties of this gas, is that 
of reducing metallic oxyds to the reguline or nearly regu* 
line slate. 'I'his is effected by the union of the hydrogen 
with the oxygen of the metallic oxyd, in consequence of 
which the hydrogen loses its gaseous form, and with the 
oxygen produces water. The metallic reduction by hy* 
drogtn gas appears to have been fine noticed by Dr. Priest* 
Icy, but the consequent production of water in these coses 
WHS suggested by the most important researches of Mr. 
Cavendish, on the* union of hydrogen and oxygen. 

From the great levity of hydrogen gas, it has generally 
been used for filling air*balloons: indeed this appears the 
only use to which it has at present been .applied. The 
following is the best way of procuring it: Put a quantity 
of filings of zinc into a vessel which bos a glass tubepre* 
fixed ; then pour upon them sulphuric acid, diluted with 
6 or 8 times its quantity of water, and an effervescence 
will immediately take place; the water will be decom* 
posed, and the oxygen of it will become united to the 
metal, and the hydrogen gas will be disengaged, and may 
be conveyed into the body of the balloon. This gas can 
be procured pure only froio water, which in all caries must 
undergo a decomposition. For the usual properties of 
this gas, flic rcador may consult with much interest 
Aikins's Chemical Diet. 

HYDROGRAPHICAL Charts or Maps, more usually 
called sea*charts, arc projections of some part of the sea, 
or coast, for the use of navigation. lA these are laid down 
all the rhumbs or points of the compass, the meridians, 
parallels, &c, with the coasts, capes, islands, rocks, shoals, 
shallows, 6tCf in their proper places, and proportions. 

For the construction and use of the several kiAds of hy¬ 
drographical maps,* SCO Chart, and Sailing. 

HYDROLOGY, is that part of natural history which 
examines and explains thenaturtf and properties of water 

in general. . , 

HYDROMETER, on instrument for measunng the 
properties and effects of water, as its density, gravity, force, 
velocity, &c. That with which the specific gravity of 
water is determined, is often called an acromelcr, ot 

water-poisp. . , 

The general principle on which the cowl ruction and 
use of the hydrometer depends, has been illustrated under 
the article Specific Gravity ; where it is shown that a 
body specifically lighter than*several-fluids, wiU sdrve to 
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find out their specific gravities ; because it will sink deepest 
in the fluids whose specific gravity is the least. In fig. 5, 
pi. 11, if AB represent a small even glass tube, hermeti¬ 
cally sealed, having a scale of equal divisions marked upon 
it, with a hollow ball of about an inch in diameter at bot¬ 
tom, and a small&r ball c under it, coimnunicaliog wiih 
the first; aqd into the little ball be put mercury or small 
shot, before the tube is sealed, so that it may sink in water 
below the ball, and float or stand upright, the divisions on 
the stein showing how far it sinks.—If this instrument be 
dipped in c»>mmon water, and sink to d, it will sink only 
to some lower point E in salt water; but in port wine it 
will sink to some higher point f, and in braiuly perhaps 
to B. • It is evident that an hydrometer of this kind will 
only show ilinl one liquid is specifically heavier than an¬ 
other; but the true specific weight of any li<|uid cannot 
be determined without a calculation for this particular in¬ 
strument, the tube of which should be truly cylindrical. 
Besides, these iniiruinents will not serve for fluids whose 
densities are much difl'erent. 

Mr. Clarke constructed a new hydrometer, showing 
whether any ipirits be proof, or above or below proof, atid 
in what degree. ‘I'his instrument was made of a ball of 
copper (because ivory imbibes spirituous liquors, and 
glass is apt to break), to which fs soldered a brass wire 
about a quarter of an inch thick ; upon this wire is marked 
the point to which it exactly sinks in proof spirits; as also 
two other marks, one above and one below the former, 
exactly answering to one-tcr.th above and one-tenth below 
proof. There are also a number of small weights made 
to add to it, so as to answer to the other degrees of 
strength besides those above, and for determining the spe¬ 
cific gravities of difl'erent fluids. Philos. Trans. Abr. vol. 

vii, pa. 392 . . , , , , j 

Dr. Desaguliers contrived an hydrometer for determin¬ 
ing the specific gravities of difl'erent waters, to such a de¬ 
gree of nicety, that it would show when one kind of water 
was but the 4p,000th part heavier than another. It con¬ 
sists of a hollow glass ball of about 3 inches in diameUT, 
charged with shot to a proper degree, and having fixed in 
it a long and very slender wire, of only the 40th part of an 
inch in diameter, and divided into tenths of inches, each 
tenth answering to the 40,000tb part, as above. See bis 
Exper. Philos, vol. 2, pa. 234. 

Mr. Quin and other persons have also constructed hy¬ 
drometers, with other and various contrivances, and with 
diflerent degrees of accuracy; but all nearly on the same 

ecnerai principles. .. , , . , 

But there is one cIrcumsUncc which deserves particular 

attention in the construction and graduation of bydrorae- 
ten, for determining the precise strength of difiercnl 
brandies, and other spirituous llquon. Mr. Reaumur 
discovered, in making bis spirinhermoractcrs, that when 
rectified spirit and water, or phlegm, ihcother constituent 
part of brandy, arc mixed together, there appears to be a 
motual penetration of the two liquors, and npt merely 
juxtaposition of parts; so that a part of the one fluid seems 
to be received fflto the interstices of the other; by which 
it happens, that if a pint of rectified spirit be added to a 
pint of water, the mixture will be sensibly less than a 
quart The variations hence produced in the bulk of the 
mixed fluid render the hydrometer, when graduated in the 
usual way by equal divisions, an erroneous measure of iu 
strength; because the specific gravity of the compound is 
found not to correspond to the mean gravity of the two 


ingrcdiorUsA INI. Montigny constructed a scuir for this 
instrument, in the manner before suggested by 
on actual ob>eivalion ofihc sinking i»r ^i^lll•; cifibe liyilro- 
meter in various nuxiur<'S of alcohol and made in 

certain known propfirti<>r)5. Hist, dc TAcad. Hoy. cles 
Sci. 1708; also Ncuin«inn*s Clieiii. bj Lewi>, pa. 4jo, 
note r. 

•M. I)e Luc has lately publi.'^hcii a sclume for the con* 
struction of a comparable hy<in>metcr, so tliat a work* 
man, after having constructed one u|>on principles, 
may make all others similar to each other, and capable of 
indicating the same degree on the scale, when iiumcrsed 
in the same liquor of ibc same temperature. 'I lus UDtru* 
metU is })ro|iosed be constructed of a ball of flint 
communicating with a small hollow cylinder, containing 
such a quantity of quicksilver for a ballast, that the instru* 
ment may sink nearly to its top, in the most sjurituous 
liquor, wlicn heated ns much as possible; to which is also 
attached a thin Mlvercd lube, for a scale, 6cc. The whole 
description may be seen at large in the I^liilos* Trans. 
voL 68, pa. 500. Mv Le Koi also published a proposal for 
constructing comparable hydrometers. See de 

TArad* Scien. for 1770, Mem.7. 

Mr. Nicholson has made an improvement, by winch' 
the hydrometer is adapted to the general purpose of find* 
ing the specific gravity, both of soli<U and fluids (fig. 4, 
pi. t6). A is a hollow ball of copper, B a dish affixed 
to the ball by a short slender stem, d ; c is another dish 
affixed to the opposite side of the ball b^ a kind of stirrup. 
In the instrument actually made, the stem d is of hardened 
steel, of an inch in diameter, and the dish c is so heavy 
as in all cases to keep the stem vertical when the instru¬ 
ment is made to float in any liquid. '1 he parts are so ad¬ 
justed that the addition of 1000 grains in the upper dish 
B will Just sink it in distilled water (at the temperature of 
60° of Fahrenheit’s thermometer), so far that the surface 
shall intersect the middle of the stem d. 

Let it now be required to And the specific gravity of any 
fluid. Immerse Ibc instrument in it, and by placing 
weights in the dish b cause it to float, so that the middle 
of its stem D shall bo cut by the surface of the fluid. 
Then, as the known weight of the instrument, added to 
lOOO grains, is to the same known weight added to the 
weights Used in producing the last equilibrium, so is the 
weight of a quantity of distilled water displaced by the 
floating instrumeiiCi to the weight of an equal bulk of the 
fluid under examination* 

Again, let it be rc'quired to And the specific gravity of 
a solid body, whose weight is less than 1000 grains* 
Place the instrument in distilled water, and put the body 
in the dish B. Make the adjustment of sinking the instru* 
ment to the middle of the stem, by adding weights in the 
same dish. Subtract those weights from 1000 grains, 
and the remainder will be the weight of the body. Place 
now the body in the lower dish c, and add more weight in 
the upper dish B, till the adjustment is again obtained. 
The weight last added will be the loss the solid sustains 
by immersion, and is the weight of an equal bulk of water. 
Consequently the specific gravity of the solid is to that 
of water, as the weight of the body to the loss occasioned 
by the immersion. Mr. Nicholson observes, This in* 
Btruraent was found to be sufficiently accurate to give 
weights true to less than ^^th of a grain/’ Nicbobon's 
Philosophy, vol.2. p. l6. 

HYDROMETRIA, Htdaoubtkt, the mensuration 
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of «ajor am! other flni<l bodii-s, their g^av^^y, force, vclo- weighs 7y grains, or 7'2; therefore dividing the ISJ) by 
' city, quantity, See ; including both hydrostatics and hy- the 7‘2, the quotient 17*88 shows that the guinea is so 


draiilirs. 

HVDHObCOPE, an instrument anciently used for the 
mca-uii* <)l time. It was a kind of clepsydra or water- 
clock, consisting of a cylindrical lube, conical at bottom : 
till' cylindi-r was graduated with divisions, to winch the 
tup of tilt' water becoming successively contiguous, asit 
InckkiJ out of the vertex ol the cone, pointed out the hour. 

H\ DROS'l’ATICAL Dalance, a balance contrived for 
the exact anil easy finding tlic specific gravities of bodies, 
both solid and fluid, and thereby of estimating the degree 
of purity of bodies of all kinds, with the quality and rich¬ 
ness of metals, ores, miiierals, A;c, and the proportions in 
any mixture, adulteration, or the like. This is efl'ecied 
by weighing the body both in water, or other fluid, and 
out of it ; r.nd for this purpose, one of the scales has 
usually a hook at the bottom, for suspending the body by 
some very line tltread. And the use of the instrument is 
founded on this theorem of Archimedes, that any body 
iveighed in water, loses us much of its weight as is equal 
to the weight of the same bulk of the water. TJius then 
is known the proportion of the specific gravities of the so-, 
lid and fluid, or the proportion of their weights under the 
same bulk, viz, (he [irupurtion of the weight of the body 
weighed out of water, to the diflercnce between the same 
and its weight in water. Hence also, by doing the same 
thing for several difl'erent solids, with the same fluid, or 
diflerent fluids with the same solid, all their specific gra¬ 
vities become known. 

This instrument rc- ± 

quires but litUc (Icscrip- | _ 

tion. AB is a nice ba- 

lancc beam, with its /\ I /\ 

scales c and d, turning ' / \ fl / \ ' 

with the sinnll part of a / y il 

grain, the one of them, ^ 9 k 

D, having a hook in the yi 

boilom, to receive the (\ «« 

loop of a horse hair &c,' S 

li, by which the body r 

is suspended, on is a ^ i>i 'rfl 

jar of water, in which i 

the body is iutniersed when weighing. The pieces in tho 
scale c denote the weight of the body out of water; then, 
upon iininerging it, put weights in (ho scale D to restore 
the balance again, and their quotient will show the specific 
gravity of the body. 

There have been various kinds of the hydrostaticol ba¬ 
lance, and improvements made on it, by different persons. 
Thus, Dr. Dcsagulicrs set three screws in the foot of the 
stand, to move any side bighcr or lower, till the stem be 
quite upright, which is known by aplummct hanging over 
a fixed point m the pedestal. Desag. Exp. Philos, vol. 2, 
p&. 196'. And for sundry other constructions of this in¬ 
strument, designed for greater accuracy than the common 
sort, see Martin’s Phil. Britan, or Gravcsandc’s Pbysices 
Elem. Math. tom. 1, lib. 3, cap. 3, &c. 

The specific gravities of small weights may be deter¬ 
mined by suspending (hem in loops of horse hair, or floe 
silken throad.s, to tho hook at the bottom of the scale. 
Thus, if a guinea suspended in air weigh 129 grains, and 
on being immersed in water require 7y grains to be put in 
the scale over it, to restore the equilibrium; wc tlius find 
that a quantity of water of equal bulk with the guinea, 


many times heavier than its bulk of water. Whence, if 
any piece of gold be tried, by weighing it first in air, then 
in water, and if, upon dividing the wci^il in air by the 
loss in water, the quotient be 17*88, ^^old is good ; if 
the quolii*nt be 18 or more, the gold ^%ore fine ; but if 
il be less than 17*88, the gold is toO much ^{oyed with 
other metal. If silver be tried in tho same manner,^ and 
founil to be 11 times heavier than water, it is very fine; 
if it be lOi times heavier, it is sUindard j but if less, iii* 
mixed with some lighter metal, such as tin. 

When the body, whose specific gravity is soughi, is 
lighter than water, so that it will not quite sink; annex 
to it a piece of another body heavier than water, so that 
the mass compounded of the two may sink together. 
Weigh the denser boiiy, and the compound mass, sepa¬ 
rately, both in water and out of it, thereby finding how 
much eacli losi*s in water ; and subtract the less of these 
two losses from the greater; then say. 

As the remainder 

is to the weight of the lighter body in gjjr, 
so is the specific gravity of water 
to the specific gravity of the lighter 
IlVDKOb'l'ATlCAL Bellows, a machine for showing 
the upward pressure of fluids and (he hydro- 
statical paradox. Il-consists of two thick ' 7 
biiiirds. A, D, each about l6 or 18 inches 
diuinetcr, mure or U-ss, covered or connect¬ 
ed firmly with leather round the edges, to 
open and shut like a common bellow;, but ^ 
without valves; only a pipe, B, about S 
feet high is fixed into the bellows at e. h r t 
If water be poured into the pipe at c, it 
will run into the bellows, gradually sepa- 
rating the boards, by raising the upperonc. « 

And if Several weights, as three hundred^Zfl£>_a^ft 
weights, be laid upon the upper board, bsu A 
pouring the water in at the pipe till it be iffll/kit will sus¬ 
tain (hem all, though the water in tho pipe should oot 
Weigh a quarter of a pound ; for the pipe or lube may be 
as small us wc please, provided it be but long enough, the 
whole effect depending Upon the height, and notat all on 
the width of tho pi])e : for the proportion is ulwaystiiis. 

As the area of tho orifico of the pipe 
is to tfic area uf the bcllows-hoard, 
so is the weight of water in the pipe 
to the weight it will sustain on the board. • 

Hence if a man stand upon the upper board, and blow 
into the pipe b, ho, will raise himself on the board; aod-i 
the smaller the pipe, the easier he will be able to raisS* 
himself; then by putting bis I finger upon the top of the 
pipe, hu can support himself as long as be pleases, pro¬ 
vided the bellows be air-tight. 

Mr. Ferguson has described another machine, which 
may Dhsqhstitutcd instead of this common hydroslatlcal 
bellows. It is however on the same principle of the by- 
drostatical paradox;. and may be seen iif the Supplement 
to his Lectures, pa. Ip. 

HYDROSTATICAL Pnrodox, is a principle in hydro¬ 
statics, so called because it hqs a paradoxical appearance 
at first view : it is this ; that any quantity of vratcr, or 
other fluid, how small soever, may be made to balance 
and support any quantity, or any weisht, how great so¬ 
ever. This is partly illustrated in the fast article, on the 
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hy<lro5iaiJcal bellows, where it appears that any weight 
whatever may be blown up and supported by the breath 
from a persons mouth* And the principle may be ex¬ 
plained as follows; it is well known (hut water in a pipe 
or canal, open at both ends, always rises to the same 
heightatboth ends, whether those ends be wide or narrow, 
equal or unequa)* I’hus, the 
small pipe -gu .being close 
joined to another open ve^ei 
A1, of any siac wiiatever; by ^ 
pouring water into one of 
these, It will rise up in the 
other, and stand at the same 
height, orhoiizontal line df 
in both of them, and that 
whether they be upright, or 
inclined in any position* So 
that all the water chat is in 
the large vessel from a to t, 
is supported by that which is 
in the small vessel from d to i 
1 only. And as there is no 
limit to this latter one, but . 
that it may be made us fine even as a hair, it hence evi 
dently ^pcars tliut any quantity-of water may be thus 
lupported'by any other (hesmallest quantity* 

Since then the pressure of fluids is directly as their per- 
pcndiculaf heights, without any regar<l to (heir quantities, 
it appears (hat whate/er th^ flguro or size of the vessels 
may he, if they are but of equal heights, and the areas of 
their bottoms equal, the pressures of equal heights of 
water are equal upon the bottoms of these vessels; even 
though the one should contain a thousand or ten thousand 
times as much as the other. 

Mr. Ferguson confirms and illustrates this paradox by 
the following experiment* 





Let two vessels be prepared of equal heights, but very 
unequal contents, such as ab and cd; each vessel being 
opti at both ends, and their bottoms e and r of equal 
widths. Let a brass bottom o and h be exactly fitted to 
each vessel, tiot to go into it, but for it to stand upon; 
and let a piece of wet leather be put between each vessel 
and its brass bottom, to render it as close anil tight as 
possible. Join each bottom to its vessel by a hinge d, so 
that it may open like the lid of a box; and let each bottom 
be kept up to its vessel by equal weights w, bung to lines 
which go over the pulleys r, whose Mocks arc fixed to 


the sides of the vessel at /, and the lines tied to hooks at 
d, fixed in the brass bottoms opposite to the hinL’cs d. In 
this udjusttneiit of parts, hold one vessel upright in the 
hands over a bason on a tabic, and cause water to be 
poured slowly into if, till i|,e pressure of the wafer bears 
down its bottom at the side d, and raises the weight e ; 
and then part of the water will run out at d. Ma'ik the 
height at which the surface it of the water stood in the 
vessel, when the bultoin began to give way at d\ aftif 
which, holding up the oilier vessel in the same manner, 
cause water to be poured into it j and it will be seen that 
when the water rises in this vessel just as high as it did in 
the former, its bottom will also give way at d, and it will 
also lose part of the water. 

The reason of this surprising phenomenon is, that since 
all parts of a fluid at equal depths below the surface, are 
equally pressed in all manner of directions, the wuteriin- 
mediately below the fixed part of will be pressed as much 
upward against its lower surface within the vessel, by the 
action of the column Ag, as it would be by a column of 
the same heiglit, qnd of any diameter whatever; and there¬ 
fore, since action nnd reaction arc equal and contrary to 
each other, the water immediately below the surface 
sviU bo pressed as much downward by it, as if it were im¬ 
mediately touched and pressed by a coluiiiii of the height 
Ag, and of the diameter V"; aid therefore the water^in 
the cavity will be pressed os much downward upon 

its bultoin G, as the bottom of the other vessel is pressed 
by all the water above it. • Lectures, pa. 105, 

HYDROSTATICS, is that science which treats of the 
nature, gravity, pressure, and equilibrium of fluids ; and of 
•the weighing of solids in them. That part of the science 
offluids which considers their motions, beingincluded under 
the article Hydrodynamics. Hydrostatics and hydrody¬ 
namics together constitute a branch of pliilosophy that is 
justly considered as one of the most curious, ingenious, 
and useful of any ; affording tlicorcms and phenomena 
not only of the first use and importance, but also surpris¬ 
ingly amusing and pleasant; as appears in the numberless 
writings oit tbesubject; the principal points of which may 
be found under the several particular articles of this work, 
osPHESSuaB, Gravity, &c. 

The chief writers who have cultivated and improved this 
acicncc are, Archimedes, in his Libris de Insidcniibus 
Humido; Hero of Ak-xnndria, in his Liber Spiritualium ; 
Alarinus Ghetaldus, in his Archimedes promoius; Ought- 
red; Jo. Ceva, ill his Geometria Moius; Jo. Bap. Ba- 
lianus De Molu Naturali Gravium, Solidorum ctLiquido- 
rura; Marioke, in his lre*atise of the Motion of Water and 
other Fluids; Boyle in his Hydroslatical Paradoxes; Boyle 
in TerliUs de Lanis, in his 5lugisterium Natunu ct Artis; 
Lamy, in his Truite de TEquilibrc des Liqueurs; Rohuult; 
Dr. Wallis, in his Mechanics; Dcchales; Newton, in his 
Principia ; Gulielmini, in his Mensura Aquarum Flucn- 
tium ; Ilermau ; Wolfius; Gravesandc; Muschenbrock ; 
Leopold ; Sebuttus, in bis Mcchanica Ilydruulico-Pneu- 
matica; Geo. Andr. Bockicr, in his Architcctura Curiosa 
Gcrmanica; August Rammilleis; Lucas AntoniusPortius; 
Switzer; Varigiion, in the Mem. Acad. Sci.; Jurin; 
Bclidor; Bernoulli; Desaguliem; Clare; Emerson; Fcf- 
guwn ; Xirocnes; Bossu; D’Alembert; Buat; Vince; 
Olintbus Gregory, in bis Mechanics, Ac, &c. 

HYDRUS, or Water Serpent, one of the new southern 
constellations, including only ten stars. 
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HYEMAL Solitice, ihe same with Winter Solstice. See 
Soi.STlCE. 

HYGROMETER, or Hvgroscope, or Notiometer, 
an instrument for mc-asuring thedegreesof moisture in the 
air. There are various kinds of this instrument; for what¬ 
ever body cither swells by moisture, or shrinks by dry¬ 
ness, is capable of being funned into an hygruioeter. Such 
are woods of most kinds, particularly deal, ash, poplar, 
, &c. Such also is catgut, tlie beard of a wild oal, and a 
twisted cord, tie. The best and most usual contrivances 
fur this purpose are os follow. 



1. Stretch a common cord, or* fiddle-string, ABp along 
n wall, passing it over a pulley b; Axing it at one end a, 
and to the other end hanging a weight E, carrying a style 
or index f. Against the same wall At a plate of metal 
III, graduatid, or divided into any number of equal parts; 
and the hygrometer &c, is complete. For it is matter of 
constant observation, that moisture sensibly shortens cords 
and strings; and that, as the moisture evaporates, they 
return to tlieir former length again. The like may be said 
of a Addle-string: and hence it happens that such strings 
arc apt to break in damp weather, if they be not slackened 
by the screws of the violin. Hence it follows, that the 
weight E will ascend when the air is more moist, and de> 
scend again when it becomes drier. By which means the 
index F will be carried up and down, and, hy pointing to 
the several divisions on the scale, will show the degrees 
of moisture or dryness. 

2. Or thus, for a more sensible and accurate hygrome* 



struction. It matters not whether the several parts of the 
cord be parallel to the horizon, as expressed in the an* 
nexed figure, or perpendicular to the some, or in any 
other position ; the advantage of this, over the former 
method, being merely the having a greater length of Cord 
in the same compats; for the longer the cord, Ihe greater 
is the contraction and dilatation, and consequently of the 
degrees of variation of the index over the scale, for any 
given change of moisture in the air. 



6. Or thus: Fasten a twisted cord, 
or catgut, AB, by one end at a, sus¬ 
taining a weight at b, carrying an in¬ 
dex c round a circular scale de de¬ 
scribed on a horizontal board or table. 

For a cord or catgut twists itself as it 
moistens, and untwists again as it dries. 

Hence, on an increase or decrease of 
the humidity of the air, the index will 
show the quantity of twisting or un¬ 
twisting, and consequently the increase 
or decrease of moisture or dryncss. * 

4. Those Dutch toys, called weather houses, where*a 
small image of a man, and another of a woman, arc fixed 
upon the ends of an index, arc constructed on this prin¬ 
ciple. For the index, being sustained by a cord, or 
twisted catgut, turns backwards and forwards, sending out 
the man in wet weather, and the woman in dry. 

5. Or thus: Fasten one end of a 
cord, or catgut, ab, to a hook at a; 
and to the other end a ball D of about 
one pound weight; upon which draw 
two concentric circles, and divide 
them into any number of equal parts, 
for a scale; then At a style or index 
EC into a proper support at e, so as the 
extremity c may almost touch the di¬ 
visions of the ball.—Here the cord 
twisting or untwisting, as in the former 
case, will indicate the change of 
moisture, by the successive application 
of the divisions of the circular scale, as 
the ball turns round, to the index c. 

6. Or an hygrometer may be made 
of the thin boards of ash or fir, by their 
swelling or contracting. But this, and 
all the other kinds of this instrument, 
above described, become in time sen¬ 
sibly less and less accurate; till at last 
they lose their cflTcct entirely, and suffer 
no alteration from the wenthor; in 
consequence of which, several others of another kind have 
been invented, much more durable, serving for many years 
with tolerable accuracy. They arc as follow; 

7. Take the raano- 
scopc, described under 
that article, and instead 
of the exhausted ball b, 

.substitute a sponge, or 
other body, that easily 
imbibes moisture. To 
{ircpare the sponge, It 
may be proper first to 
wash it in water very 
clean; and,, when dry again, in water or vinegar in which 
there has been dissolved sal ammoniac, or salt oCgar- 
tar; after which let it dry apairt.—Now, if the air oe- 
comc moist, the sponge will imbibe it and grow heavier, 
consequently will preponderate, am) turn the iiiilc.x tO' 
wards c; on the contraiy, wLcn the air becoracs drier, the 
sponge is lighter, and the index turns towards a ; and thus 
showing the state of the air. 

6. la tho last-mentioned hygrometer, Mr. Gould, in Ihe 
Philos. Trans, instead of a sponge, recommends oil of 
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vhriolp which grows sensibly lighter or heavier from the 
degrees of moisture in the air ; so that being saturated in 
the moi^rcst weather, it afterwards retains or loses its ac¬ 
quired weight, as the air proves mure ^ur less dry. The 
alteration in (Ins liquor is so great, that in the space of 37 
days It has been known to change 
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its 


weight 


1*1 —V from 3 

draclims to 9 ; and has shifted a longue or imlex of a ba- 

Imice 30 <Je«rc^. So that in this w ay a pair of scales may 

afford a very nice hygrometer. 'I’lic same author suggests, 

(bat oil of sulphur or caiupanam, or oil of tartar per dcli- 

^uium, or the liquor ol fixed nitre, might be used instead 
of llie oil of vitrioL 

P. This bulatice may be contrived in two ways ; by 
either having' the pin in the middle of the beam, with a 
slender tongue a foot and a half long, pointing to the di¬ 
visions on an arched plate, as n*prescnted in the last 
figure. Or the scale with the liquor may be hung to the 
point of the beam Jiear the piO| and the other extremity 

Q 





k 



made so long, as to describe a large arch on a board placed 
for the purpose; as in the figure here annexed. 

10 . Mr. Ardcron has proposed soma improvement in 
the sponge hygrometer. He directs the sponge a to be so 




- 

1 y.'Miv 


-Male G, 

ll 


V 


cut, as to contain as large a superficies as possible, and to 
hang by a fine thread of silk upon the beam of a balances 
and exactly balanced on the other side by another thread 
ofsjik at D, strung with tbe smallest lead shot, at equal 
distances, so adjusted as to cause an index r to point at 
o, the middle of a graduated arch foh, when iheWisin 
« middle state between the greatest moisture and the 
greatest dryness. Under this silk so strung with shot is 
placed a small table or shelf i, for that pan of the silk’or 
shot to rest upon which is not suspended. When the 
moistureimbibed by the sponge increasesits weicht. itwill 
raise the index, with part of the shot, from the table, and 
vice versa when the air is dry. Phil. Trans, vor .44 pa off 
11 . From a senes of hygroicopical observaUons, made 
With an apparatus of deal wooU^ described in the Philos 
Trans, No. 480, Mr. Comers concludes, 1 st That the 
wood contracts most in aumracr. and swells most in win- 
^r, but js most liable to change in the spring and fall. 2 d, 

Vol!” *‘W^'** chiefly in the day time, there 


being scarcely any variation in the night. 3 <), That there 
IS a motion even in dry weaiher, the wood swelling in the 
morning, and :,hrmking in the afternoon. 4 th, Ihat the 
wood, by night as well as by <la>, usually contracts wh-n 
the wind is in the north. norih->ast, am! cast, both in 
summer and winter. 5tl., Ih.it by constant observation 
of thcmolioiiand re>iot ihr v.ood, with thelu lpofa ther¬ 
mometer, the direction of the wind may be told nearly 
without a weathc,-cock. lie adds also, that even the time 
of the year may be known it; for in spiing it moves 
more and quicker than in winter; in &ununcr il i$ more 
contracted than in spring; and has less motion in aulumn 
than HI summer. 

See an account of a method of constructing these and 
other hygrometers, in various places of the Philos. Trans. 
asvoUll, pa. 647 and 715; vol. 15, pa. 1032; vol. 43 
pa. 6 ; vol, 44. pa. 95 , 1 69 , and 184; vol. 54 , pa.259; 
'ol. 61 , pa. 198 ; vol.63,pa. 404, &C. In myAbridg. also 
the General Index at the end poinU out the places of re- 
icrcnce. 

12 . Ur. Hooke’s hygrometer was made of the beard of a 
wild oat, set in a small box, with a dial plate and an index 
bee his Micrographia, pa. 150. 

IS. The doctors Hales and Desaguliers both contrived 
another form of sponge hygrometer, on this principle. 

I hey made an horizontal axis, having a small part ot iu 



length cylindrical, and the remainder-tapering conically 
With a spiral thread cut in it.after the manner of tbefuzee 
ofawateb. Thesponge is suspended byofine silk thread 
to the cylindrical part of the axis, upon which it winds. 
Ihis IS balanced by a small weight w. Suspended also by 
a thread, which winds upon the spiral fuzcc. Hcre,.whcii 
the sponge grows heavier, in moist weather, il descends 
and turns the axis, and so draws up the weight, which 
coming to a thicker part of the axis it becomes a balance 
to the sponge, and its motion is shown by an attached scale. 
And vice versa wheu the air becomes drier.—Salt of tartar 

"J*'*'*' pot-Mhes, may be put into the scale 

of a ba ance, and used instead of the sponge. Desa-. 
Exper* Pbilos. vol. 2, pa. 300. ® 

14. Mr. Ferguson made op hygrometer of a thin deal 
panncl; and to enlarge the scale, and so render its vari- 
aiiotu more sensible, he employed a wheel and axle, 
m^ing one cord pass over the axle, which turned a 
wheel ten times as Jar^, over which passed a line with a 

eight at the end of u, whose motion was therefore ten 
times as much as that of the deal pannel. Tli? board 
should be changed in 3 Qr .4 years. Sec Philos. Tran's. 

15. Mr. Smeaton gave also an ingenious and clahurate 
constru^ion of an hygrometer; which may be seen in the 

Philos. Trans, vol. 6 ^ 1 , art. 24. 

^ 26 . Mr. Delucas contrivance for an hygrometer is very 
ingenious, and on Ibis principle. Kndingthat even ivorv 

4 Q ^ 
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Willi un<l conirsicK with dryness, ho niaiU’ 

u HTKill ami very thin hollow c^limltr of ivory, op« n only 
al tho iippiT iikI. into which U lillcd the under or open 
end «L very line liUtss tiiho, like that ol a tlmrino- 
iTu ier. lii’o iluse is inlrodticccl some cjnicksilvcr, filling 
ihe ivc»rv' cjlimler, ftiul a small pnrl of the length up the 
ohns lule. ‘I lie conM'iiuencc is this: w lien moi'^turr swells 
the ivory C)liinU'i, its boxv or capaciiy grows larger, and 
r<»nM'<pienl!y thr mercury sinks in the fine gln'-stube; 
and vice veisa, win n the air is diier, the ivc*rj roniracis, 
ami forces the im iriny higher up the glass tube, it is 
cudent that an inslriiinenl lhu> constructed is ui fact also 
a ihcnm meter, nml tmisi m ccS'^nrily ho atheted by the 
vicissitudes of lieat and cold, as well as by those of dry 
ness ami moisture; or that it must act as a llurmomcUr 
as well as an liNgrometer. 'I’he ingenious contrivances in 
the slrucluie and mounting of this instiunu nl may be 
seen in ihe Philos 'I rans. voL 03, art. 38 ; wliere it may 
alsi» he ^een how the above imperfection is corrected by 
some simph' ami inge nious espedicntv, emplojcd iti the 
original constrnrtlr>n and subset|uent use of the instru* 
rm 111; in coiis(‘c|iu*nre of which, tlio variations in the tom- 
p<Tature of the air, tfoiugh tli<*y produce their full eftccls 
on the instrument, as a thermometer, do not interfere with 
or cmharia^s its indie uiihns as an hygrometer. 

17. In the Philos. Trans, ftir 1791 > I^cluc has 
given a srcoiui paper on hygronulry.. This has been 
cliielly occasioned hy n memoir of M# do Saussurcon the 
same subject, entitled fUsais sur I’Hygromcirie, \i\ 4to, 
1783- In this work M. rie S. describes a new hygrometer 
of his Construction, on flic following principle.—It is a 
known fact that a hair will stretch vchen it is moistened, 
and contract when drietl: ami M. de Saussure found, by 
repeated c.Nporinients, that the difference between the 
greatest extension and contraction, when the hair is pro- 
pcriy prepared, and has a weight of about 3 grains suspend¬ 
ed by It, is nearly onc-40lh of its whole length, or one inch 
in 40. This circiimstKncc suggested the idea of a new hygro¬ 
meter. To render these small variations of the length of the 
hair perceptible, an apparatus was contrived, in which one 
of the extremities of the hair js fixed, and the other, bear^ 
ing the counterpuise Hbovemontioned, surrounds the cir¬ 
cumference of a cylinder, which .turns upon an axis to 
which a hand is adapted, marking upon a dial in large 
divisions the almost insensible motion of this axis. About 
12 inches high is recommended us the most convenient and 
useful: and to render them portablc,ncontrivanccis added, 
by which the hand and the counterpoise can be occasion- 
ally fixed. 

But, for all the rcasoningi of those ingenious philoso¬ 
phers on this interestingsuhjeef, and complete information, 
see the Philos.Trans, an. 1791« P^*l» 389} and De¬ 

lucas Meteorologie, vol. I, an. 17H6; as also the ftlonthly 
Review, vol. 51, pa, 324, vol. 71» pa- 213, vul. 76# pa. 
St6, vol. 78, pa. 236, anil vol. 6, of the new scries for the 
year 1791* 133« 

HYGROMVVrilY, the science of the measurement of 
the moisture of the atmosjdiore. The chief writings 011 
this science arc those of n.DoIuc and M.dc Saussure, 
for which sec the last article. 

HYGROSCOPE, is commonly used in the same sense 
with Hygrometer. Wolfius, however, regarding the ety¬ 
mology of the word, makes some difTerencc. According 
to him, the hygroscopo only shows that there arc altera¬ 
tions of the air in respect of humidity and dryness, but 
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the hygrometer measures them. A hygroscopo Iherrforc 
is oiiK im indofinije of lets accurate hygrometer. 

lllPATiA, a very hariied and beautiful lady, was 
horn at Alexaudriu, about the end of the 4lh century, as 
she fiourishcd about the year of Christ 430. i^hc was the 
daughter of Tlicou, a celebrated pbilovopbcr and mathe¬ 
matician, ancJ prtsidi ht of llu* famous AIc.vandriaii school. 

Her lather, cncocira}.ed by her exlruordinury genius, bad 
luT not only c<luca(c4l in all the ordinary' accomplish¬ 
ments of her sex, but instiucted in the most abstruse 
sciences. made such gitat pri^gri'ss in pliiluMiphv, 

geometry, astronomy, and the mathematics, in general, 
that she passed fur the most learned person ot her lime. 
Slu* published cummeiitnrics on Apollonius^ Conics, 011 
Diophuntus's Aritliineiic, iind other works. At length 
vho was thought worthy to succceil her father in (hat dis¬ 
tinguished and important employment, the goveemnent of 
the school of Alexandria; and to deliver instructions out 
of that chair wiicrc Ammonias, Ilicrocles, and many other 
great men. hud taught before; and this ut a time when 
men of gicat learning abounded both at Alexandria and 
in many other parts of the Roman empire. Her fame 
betn;: so extensive, and her worth so universally acknow- 
|{*<lged, it was m> wonder that she had a crowded audi¬ 
tory. She explained to her hearers (sitys Socrates, an 
ecclesiustical liistorian of the 5th century, born at Cotr- 
stantinople) the several sciences that go under Ihc general 
name (»t phih sophy; for which reason there was a con- 
(luence to Iter, trom all parts, of those who made philoso- 
pliy their delight and study.*' 

The pupils of this lovely and surprising female, were 
not less eminent than they were numerous* One of them 
was the celebrated Synesius, who was afterwards bishop of 
Ptolemais. This ancient Christian Plutonist always ex- 
pr(*ssc^ the strongest, as well as the most grateful testimony 
of the virtue of his tutoress; never mentioning her. with¬ 
out the most profound respect, end sometimes in terms of 
affection but little short of adoration* But it was not 
bynesiusonly, and the disciples of the Alexandrian school, 
who ndmirtd Hypatia for her virtue and learning: never 
was woman more caressed by the public, and yet never 
had woman a more unspotted character.. She was held as 
an oracle for her w isdom, for which she was consulted by 
the magistrates in nil important cases; a circumstance 
which often drew her among the greatest concourse ofmcDi 
without the least censure of her manners. In short, when 
NicepUorus intended to pass the highest complimeot on 
the princess Eudocia, ho thought he could not do it better 
than by calling her another Hypatia* 

While Hypatia thus rcigitcu the brightest ornament of 
Alexandria, Orestes wiis governor of that place for the 
emperor Theodosius, and was bishop or patriarch. 
Orestes, having had a liberal cduculion, could not but ad-' 
mire Hypatia; and as a wise governor often consulted 
her. This, together with an aversion which Cyri^had 
against Orestes, proved fatal to the lady. About 500 
monks assembling, attacked the governor one day, und 
would have kilted him, bad he not been rescued by tbe 
townsmen; and the rcipect which Orestes had fur Hypatia 
causing her to be traduced among the Christian muUUude, 
they dragged her from her chair, tore her in pieces, and 
burnt her limbs. This horrible catastrophe was perpe-- 
trated during the lent of the year 4l6r 

Cyril is strongly suspected of having fomented this tra¬ 
gedy. Cave indeed endeavours to remove the imputatioo 
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of so horrid an aclion from the palriach; and places it on 
the AlexHiidrian mob in ^’ciifral, svliuni he calls “ a very 
inlltn- iocjijstaht people." But thou;ili Cyril should be 
al|ii\ve<l ncalior to bavi- been the perpetrator, nor even the 
c«)iitriver ol it, yet il is iiuich to be suspected that he <lid 
not discouniemtiice it in the maniur be ouglu to bmp 
d 'tic: a su'pic^n uhicli must needs be greatly cuniiniu'd 
by rerteciilig, that he was so far from Censuring the vio¬ 
lence committed by the monks upon Oiestes. tlmThe aller- 
waids leceivvd the deail body «if Ammoniiis, one of the 
most conspicuous in that brutality, who had griexously 
woundeil the governor, and who was justly punished with 
death. Upon this riotous rulfian,Cyr«l made a p.tmgyiic 
in the church where ho was laid, in which he extolied his 
courage and constancy, as one that had contended tor llic 
truth ; ami changing his name to I'huumasiiis, or the Ad- 
miruhle, ordered him to be considered asa martyr. “ How¬ 
ever (contiuur-s bocratos), the wisi-sl part ofChristiansdid 
not approve the zeal which Cyril showed on this man’s 
behalf, being convinced that Amiiioiiius had justly suiTered 
for his desperate atiein|>t.'' 

m P£IlBOL.\, one of the conic sections^ being that 
which is made by a plane cutting a cone, so that, enierin® 
one side of the cone, and not being parallel to the oppo¬ 
site. side, it may cut the circular base when the opposite 
side is ever so far produced below the verte.x, or shall cut 
the opposite side of the cone produced above the vertc.x 
or shall make a greater angle with the base than the oppo¬ 
site side of the cone makes; all these three circumstances 
amounting to the same thing, but in other words. 

1. Thus, the figure dae is an hyperbola, made by a 
plane entering the side v<j of a cone PVQ at a, and either 
cutting the base peq when the plane is not parallel to s*p, 
and this is ever so far produced; or 
when the angle arq is greater than 
the angle vpq; or when the plane 
cuts the opposite side-in B above the 
vertex. 

2. By the hyperbola is some¬ 
times meant the whole plane of the 
section, and sometimes only the 
curve line of the section. 

3. Hence, the cutting plane meets 
the opposite cone in b, and there 
forms another hyperbola d Be, equal 
CO the former one, and having (he 

same transverse axis ab; and the same vertices a and b. 

Also the two are called Opposite Hyperbolas. 

4. 'i'he centre c is the middle of the transverse axis. 

3. The semi-conjugate ayis is cl, a mean proportional 

between Cl and CK, the distances to the sides of the oppo¬ 
site cone, when Cl is drawn parallel to the diameter pq of 
the base of the cofic. Or the whole conjugate axis is a 
mean proportional between af and Bii, which arc drawn 
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6. If DAE and pbo be two opposite hyperbola?, having 
the same tr.tiisven.e and conjugate uxi-s xn and ot, ix " 
pemncularly bisecting earh other; and if c/ae and //.> 
be two other opposite byiK-rbolus, h.iving the same a.\ev 
with the two former, but m the contrary order, viz, hav- 
mg aO tor their first or iraiisvtrse axis, and ab for their 
second or cxjiijugate a.xis: then anv two.adjacent curve* 
ai^ called Conjugate Hyperbolas, ami the whole fi-urc 
ormed by all the four curves, the figure of tin- Conjucaie 

vVor’^^.'! “'’f *«'*<' be iiiscnb<d 

within the four conjugate hyperbolas, b uching the- v.-r- 

iiccs A, B, ft, 3, and having their sid« parallel and equal 
to the two ax^; and if then the two diagonals jiCK, icl, 
ol the parallehigruin be drawn, tlu-sc diagomiN are the 
asymptotes ot the curves, being lines that continually ap¬ 
proach nearer and nearer to the curves, without imet.iw 
il.tni, except m an infinite distance, where each asymp- 
tote ami the two adjacent sides of the two conjugate hv- 
perbolas may be supposed all to meet; the asymptote 

being ilnrc h common tangent to thini loth, vii?, al that 
infinite distance. 

Jk *>yp<.rbolas, meeting and running into 

each Other at the infiimc distances niay be considered as 
the four |>arb of one entire curve, having the sumo axes, 
tangents, and other properties. 

8. A diameter in general, is any line, as .mn, drawn 
titrough the centre c, and meeting, or terminated by the 
opposite logs of the opposite hyperbolas. And if parallel 
to this diameter there be drawn two tangents, at m and n, 
to the opposite legs of the other two opposite hyperbolas, 
tlie line men joining the points of contact, is the conjugate 
lamcter to mn, and the two mutually conjugates to eueh 
other. Or, if to the points sr or y there bo drawn a tan¬ 
gent, and through ihe centre c the line mn parallel to if, 
that hne will be the Conjugate us. The points wheie 
each ol these meets the curves, as >t, x, m, n, arc the vei- 
tici-s of the diameters; and the tangents to the curves ut 
the two vertices of any diameter, arc parnllcl to each 
Other, and also lo the other or conjugate dianieCcr, 




9, Moreover, if those tangents to the four hyperbolas, 
at the vertices of two conjugate diameters, be produced 
till they meet, they will form u parallelogram opqk ; and 
the diagonals oq and pb of the parallelogram will be the 
asymptotes of the curves; which tJiereforo pass through 
tbc opposite angles of all the parallelograms so inscribed 
between the curves. Also it is a properly of these paral¬ 
lelograms, that they arc all equal to each other, and there¬ 
fore equal to the rectangle of the two axes; os will be 
further noticed below, i urther, if these diagonals or 
asymptotes make a right angle between them, or if the in¬ 
scribed parallelogram be a square, or if the two axes be 
equal to each other, then the hyperbola is called a right- 
angled or an equilateral one. 

4 Q 2 
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10. An ordinate to any diameter, is a line drawn pa¬ 
rallel to its conjugate, or to the tangent at its vertex, and 
terminated by the diameter produced and the curve. So 
jiis and TS arc ordinates to the axis ad; also ad and BG 
arc ordinates to the diameter ms (last fig. but one). 
Hence the ordinates to the axis arc perpendicular to it; 
but ordinates to the other diameters arc oblique to them. 

11. An absciss is a part of any diameter, contained be¬ 
tween its vertex and an ordinate to it; and esery ordinate 
lias two abscisses: as at and bt, or MV and nv. 

12. The parameter of any diameter, is a third propor¬ 
tional to the diameter and its conjugate, —The parameter 
of the axis is also equal to the line ag or n^ (fig. 1), if 
fG be drawn to make the angle a pg = the angle bav, or 
the line ii^ to make the angle Btigss the angle a D v. 

13. The focus is the point in the axis where the ordi- 
oatc is equal to half the parameter of the axis; as s and T 
(fig. 2) if MS and tn be half the parameter, or the 3d pro¬ 
portional to CA and c«. Hence there are two foci, one 
on each side the vertex, or one for each of the opposite 
hyperbolas. These two points in the axis are called foci, 
or burning points, because it is found by opticians that 
rays of light issuing from one of them, and falling upon 
the curve of the hyperbola, arc reficcicd into lines that 
verge towards the other point or focus. 

To describe an Hyperbola, in rarious ways. 

14. (Isf IVay by point$.)-^ln the iransvci-se axis at 
produced, take the foci F and/, by making cf and 
(/issAn or BO, assume any point t: Then with the 



radii Ai, Di,and centres r,/, describe arcs intersecting in 
E, which will give two .points in each of the opposite 
curves eae, ede. In like manner, assuming other points 
1. as many other points will be found in the curve. Then, 
with a steady hand, draw the curve line through all the 
points of intersection e.— In the same manner are to be 
constructed the other pair of opposite hyperbolas, using 
the axis ab instead of ab. 

15. (2d Way by points, for a Right-angled Hyperbola 
the axis produced if necessary, take any 




point I, through which draw a perpendicular .line, upon 
which ;ctotf iM and ix, equal to the distance la or i5, 
from i to the c.xtrcroities of the othoraxis; and u and n 
will be points in the curve. . 


l6. (3d Jfay by points, to describe the curve through a 
given point .)— CG and ch being tbe asymptotes, and f the 
given point of the curve; through the point p draw any 
line GPU between the. asymptotes, upon which lake 
Gi = pu, so sholl 1 be another point of the curve. And 
in this manner may any number of points be found, draw¬ 
ing as many lines through.thwgiven point P. 

17’ (4th Way by a continued A/o«on.)—If one end of a 



take a thread fmo, shorter than the ruler, and fix one end 
of it in p, and the other to the end o of the ruler. Then if 
the ruler /mu be turned about the fixed point / at the 
same time keeping the thread osiP always' tight, and its 
part MO close to the side of the ruler, by means of the pin 
m; the curve line ax described by the motion of the pin 
M is one part of an hyperbola. And if the ruler be turned,' 
and move on the' other side of the fixed point f, the other 
part AZ of the same hyperbola may be described after the 
same manner.—But if the end of the ruler be fixed in r, 
end that of the thread in / the opposite hyperbola xos 
may be described. 

18 . (5tb Way, by a continued Motion.)—Let c and f be 
the two foci, and e and x the two vertices of the hyper¬ 
bola. (Sec the last fig. above.) Take three rulers CD, 
DO, GF, so that CD ss OF EK, and DO sz ct; the rulers 
CD and OF being of an indefinite length beyond c and o, 
and having slits in them for a pin to move in; and tbe 
rulers having holes in them at c and f, to fasten them to 
the foci c and f by means of pins, and at the points d and 
o they arc to be joined by the ruler so. Then, if a pin 
be put in the slits, viz, the common intersection of the 
rulers CD and of, and moved along, causing the two rulers 
GF, CD, to turn about the foci c and f, that pin will de¬ 
scribe the portion se of an hyperbola.—The foregoing arc 
a few among vario'us ways given by several authors. 

Some qf the ehitf Properties qf the Hyperbota, 



19. (1st) The squares of the ordinates, of any diameter, 
are to each other, us (bb rectangles of their abscisses; i.c. 
DE*: oh' :: ad . bd : ao . no. 

20. As the square of any diameter, is to the square of 
its conjugate; so is the rectangle of two abscisses', to the 
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square of their ordinate. That is, ab* : ai-:: ad . bd • 
de’- 

Or» because the rectangle ad . bd is = the difference 
of the s(]uarcs cd** — cb*, the same property is, 

As A ab '^:: cd^ — cn*: de*. 

Ur AB • — : t CD-f- CD*: de% 

That is AB : p :: cd^ — cb*: db", whore/) is the pa* 
rameter of the diameter ab, or the 3d proportional to ab 

aiid aby or 

AB 

And hence is deduced the common equation of the hy¬ 
perbola, by which its general nature is expressed. Thus, 
putting d = the semidiametcr ca or cb, 
c = its semiconjugute ca or c6, 

/) = Its parameter or —, 

X s the absciss B n from the vertex, 
y = the ordinate OL, and 
V ^ the absciss CD from the centre: 
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Then is d* 
or d^. 
or 

or d 


(id x)x : y 
(ii -t- v)t :y 
»*—</* : y* 


y* = 
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of which equations or proportions express the nature of 
the curve. And hence arises the name hyperbola, signi¬ 
fying to exceed, because the ratio of d* to c'*, or of d tap, 
exceeds that of 2dr toy^; that ratio being equal in the 
parabola, and defective in the ellipse, from which circum¬ 
stances these also take their names. 

21. The distance between the centre and the focus, is 
equal to the distance between the extremities of the trans¬ 
verse and conjugate axes. That is, cr = Aoor aA, where 
r is the focus. 

22. The conjugate semi-axis is a mean proportional be> 
tween the distances of the focus from both vertices of the 
transverse. That is, ca is a mean between ap and bf, or 
AP : ca :: ca : BK, or AF . BP =s ca*. 

23. The dill'ercncc of two lines drawn from the foci, to 
meet in any point of the curve, is equal to the transverse 
axis. That is,/e — pe = ab, where p and/are the two 
foci. 

24. iMI the parallelograms inscribed between the four 
conjugate hyperbolas arc equal to one another, and there¬ 
fore each equal to the rectangle of the two axes. That is, 
the parallelogram OPQR = Ah.ab (fig. to art.9). 

25. The difference of the squares of every pair of con« 
jugate diameters, is equal to the same constant quantity, 
viz, the difference of the squares Of the two axes. That is, 
MX* — mn^'ss ab‘— ab*, (fig. to art. where mn and 
ma are any two conjugate diameters. 

26. The rectangles of the parts of two parallel lines, 
terminated by the curve, arc to each other, as the rectangles 
of the parts of any otlier two' parallel lines, any where 
cutting the former. Or the rectangles of the parts of two 
intersecting lines, are as the squares of their parallel dia¬ 
meters, or squares of their parallel tangents. 

27. All the rectangles arc c(]ual which are made of the 
segments of any parallel lines, cut by the curve,and limited 
by the asymptotes, and each equal to the square of their 
parallel diameter. That is, ue . ex or iie, ex cq* or 
CP*. 
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28. All the parallelograms are equal, which arc formed 

between the asymptotes and curve, by lines parallel to ihc 
wymptotes. I hatis, the paral. cgek ,= cpko.— lienee 
ib obtained another method of expressing the nature of the 
curve by an equation, invohing the absciss taken on one 
asymptote, and ordinate parallel to the other asymptote. 
Thus, ifx =CK,y = ke, a = cq, and 6 — bq the ordi¬ 
nate at the vertex b of the curve; then, by the property 
in this article, ai = xy, or a : x:: y: 6; that is, the rect¬ 
angle of the absciss and ordirmte is every where of the same 
magnitude, or any ordinate is reciprocally as its absciss. 

29 . Ifthc abscisses cq, ck, cl, cScc, taken on the one 
asymptote, be lA gvoroetrical progression increasing ; then 
shall the ordinates qb, ke, lm, &c, parallel to the other 
asymptote, be a like geometrical progression in the same 
ratio, but decreasing; and all the rectangles are equal, 
under every absciss and its ordinate, viz, cq.qb=ck. 
KF. = CL. LM, &c. 

30. The absciss cq, ck, cl, &c, being taken in geo¬ 
metrical progression; thespacesorasymplotic areas bqks, 
FKLM,&r, will be all equal; or, thespaces bqke, dqlu, 
&c, will be in arithmetical jirogression; and therefore these 
spaces are the hyperbolic logarithms of those abscisses. 

'I'hese, and many other curious properties of the hyper¬ 
bola, may be seen demonstrated in my Treatise on Conic 
Sections, and several others. Sec ajso Conic Sections. 

Acute Hvperbola, one whose asymptotes make an 
acute angle. 

Ambigenal HprERDOLA, is that which has one of its in¬ 
finite legs falling within an angle formed by the asymptotes, 
and the other falling without that angle. This is one of 
Newton’s triple hyperbolas of the 2d order. Sec his Enu- 
meratiu Lin: lert. Ord. See also Ambigenal. 

CoTTwion, or Conte Hyperbola, is that which arises 
from the section of a cone by a plane; called also the 
Apollonian hyperbola, being that which was treated on by 
the fint and chief author Apollonius. ^ 

Conjugate Hyperbolas, are those formed or lying to¬ 
gether, and having the same axes, but in a contrary order, 
viz, the transverse of each equal the conjugateof theotber; 
as the two Conjugate Hyperbolas p« and eee in the last 
figure but one. 

Equilateral, or Rectangular Hyperbola, is that whose 
two axes arc equal to each other, or whose asymptotes 
make a right angle.—Hence, the property or equation of 
the equilateral hyperbola, isy* =zai -t- x\ where a is the 
axis, X the absciss, andy its ordinate; which is similar to 
the equation of the circle, viz,y* sss ox — x», differing only 
in the sign of the second term, and where a is the diameter 
of the circle. 

/n/lmVc Hyperbolas, or Hyperbolas qfOte higher 
kindt, arc expressed or defined by gcoeral equations similar 
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to tliai of till* conic or common liypcjbola, but havinggc- 
netal CN|>(»nc*nt'>, instead of I lie particular numeral ones, 
but bo asibut iKe sum (if those Oil one side of the equation, 
IS <*cjua) to ihe sum of ilio^^e on the other side- Such as, 

= bx^ {d -h j)*', uherc x arnl y are the absciss 




m 


and ordinate to (he axis or diameter of the curve; or 

icn^n ^ 4- Jicfe the absciss x IS taken on one asyrn- 

plntoj ami the urdinulcy jiaralh l to the other. 

A% the hyperbola of (he first kind, or order, viz the 
conic liv perliola, Ikis two asymptotes ; tliat of the 2d kind 
or Older Iih> three ; tliac ol the 3d kind, four; and so on. 

Olx/t'f IlYnrKBoLA, is that ^^ho$e asyinptolts form an 
oblu^e angle. 

Opposite llvPEKno!.As, are those, rce, gee, having the 
same irniisverse ami Conjugate axes. 

Rcctnngiular llyrruDOLA, the same as equilateral hy¬ 
perbola. 

HvPKitnoLic Arc^ is the arc of an hyperbola. 

Put =ca the semi transverse axe, 
c = cn (lie serniconjugati*, ^ = an nr- 
<1 inale eg to tlie axe drawn from the 
eiul Qof the arc aq, beginning at the 

verte.x A ; tlien putting q = 

A ss the hyp. log. of - — ^ - 


=s 2*302585093 x common log. of 
V 4 vv) ^ ^ 

4 B •" •• ' 



C = 


+ vv' — ilfrD 


, &c ; then is the length of (he arc aq 


expressed bye x (a 


U - 


i.av* 


D — 


94 3 . 4.6 

where t is the whole transverse axe 2ca, c := 2 ca the con¬ 
jugate, r = APthe absciss, andy = pq the ordinate. 

'I iiesc and other rules may be seen demonstrated in my 
Mensuration, pa. 3i0and 313, 4th edit. 

IIVpi’.liBoMC Area, that included by tlic hyperbolic 
curve and other lines. 

Putting « = CA the scniitriinsvcrse, c = ca the scmicon- 
jugnle.y s pq the ordinate, and » ss cp its distance from 
the centre ; then is tlie 

hyp. log. of ^ - 


area apq = fry — |ac x 
sector Caq = jrtc x 
area APQ =s2ru x fi— — — 

- J VT 

where x s= ap, and t ss 


hyp. log. of 

_ < _ 

3.ft.7 

X 


dr 

cy cv 
oc 


9d ^ X 


5.7.9 
; or 


7<9rM 


&c), 


Apg s 


9fT 


14 a [\/2ox 4- ♦v^(2ax -h Jxx)^ nearly. 

lA^t CT and CB be the two asymptotes, and the ordi¬ 
nates DA, £F parallel to the other asymptote cr; then the 
asymptotic space adef or sector caf is 


= CD X DA 


S CD X DA 


X hyp. log. of or 


CD 

DA 

Kf 


, or 


s CD X DA X 


- :Tr5 Ajc; and 


X hyp. log. 

DR ne* OB* 

CD eCD* aCD* 4CD' 

this last series was 6rst given by Mercator in his Logaritb- 
inotechnia. 

See my Mensuration, pa. 315, 5<c, 4th edit. 


Generally, if x“y" ^ o'" "be an equation expressing 
an hyperbola of any order; then its asymptotic area will 

be jy ; .which space therefore is always quadmbic, in 

all the orders of hyperbolas,except the first or romnioii hy¬ 
perbola only, in which mand n being each I, the deno*- 
ininator n — ni becomes 0 or ndthing. 

IIypf.rbolic Conoid, n solid formed by the revolution 
of an hyperbola about its axis, otherwise called an hyper¬ 
boloid. • 

To find the Solid Content qf an Hyperboloid. 

Let AC be the semitransverse of the generating hyper¬ 
bola, and Ail the height of the solid ; then as2AC - 1 - All 
is to 3 ac -I- A11, so is the cone of (he same base and alti- 
tu<lc, to the content of the conoid. 




To find the Curve Surface of an Hyperboloid. 

Let AC be the semitransverse, and ab perpendicular to 
it, and equal to the semiconjugatc nf ade the generating 
hyperbola, or section through the axis of the solid. Join 
CB ; make CF = ca, and on ca let fall the perpendicular 
FO ; (hen with the semitransverse co, and scroiconjugate 
on = AB, describe tbe hyperbola oik ; then as tho*di- 
ametor of a circle is to its circumference, so is the hy¬ 
perbolic frustum iLAMK to (he curve surface of the co¬ 
noid generated by dae. See my Mensur. pa. 328, &c, 
4th edit. 

Hyperbolic Cylindroid, a solid formed by the revolu¬ 
tion of an hyperbola about its. conjugate axis, or line 
through the centre perpendicular to the transverse axis. 
This solid is treated of|nthe Phil.Trans. by SirChristopher 
Wren, who shows some of its properties, and applies it to 
the grinding of hyperbolical glasses ; affiiming that they 
must be formed this way, or not at all. Set‘ Philos.'I'rans. 
vol. 4, pa. 

livPBUBOLic Leg, of a curve, is that having an asym¬ 
ptote, or tangent at an infinite distance. Newton reduces 
all curves, both of the first and higher kinds, iritu hyper¬ 
bolic and parabolic legs, j.e. such as have asymptotes, and 
such as have not, nr such us have tangents at an infinite 
distance, and such as have not. 

IIypcrbolic Line, is used by some authors for what is 
more commonly called the hyperbola itself, being the curve 
line of that figure; in which sense the surface terminated 
by it is called the hyperbola. 

Hyperbolic Logarithm, a logarithm so called ns 
being similar to the asymptotic sjiaces of the hyperbola. 
The hyperbolic logarithm of a number, is to tbe common 
logarithm, as 2'3n258609299404d7 to 1, or as 1 to 
*4343944819032518. The first insented logarithms, by 
Napier, are of the hyperbolic kind ; and so are Kepler's. 
See LoGARtTiiuv 

Hyperbolic MirTor, is otio ground into that shape. 

HTPEBBOLicf Space, the same as Hyperbolic Area. 

HYPKRBOLICUM Acuiuni, a solid made by the re¬ 
volution of the infinite area or space contained between 
the curve of the hyperbola, and its asymptote. This pro¬ 
duces a solid, which though infinitely long and gene- 
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rated by an in finite area, is ncrcrthclcss equal to a finite 
solid body ; as is dcnoiniiialod by rorricelli, who gave it 
this nume« 

PI‘^RB0LII*011M FigurfSy arc such curves as np* 
proacli, jfi their properties, to the nature of the hyperbola; 
called al>o hyperljoloid'es, 

H VPKllBUl-OIDS, ara lij j)crbulas of the higher kind, 
whose nature is expressed by tliis equation^ ’*’“ 5 = 
bx^{fi 4 - x)". See Hyperbola. It also means the hy¬ 
perbolic conoiil. See that article. 

JIVPKUBOURANS, the most northern nations, or 
regions, as dwelling beyond or about the wind Boreas : as 
the SiberiHii^, Samoieds, ^c. 

H\PLU I'fM llON, io Architecture, a sort of tabic, 
Usually place d over gates or doors of the Doric order, above 
the cbaTiibran/e^ in form of a frize. 

IlVPE'rHUl*, in Ancient Architecture, two rows of 
pillars surrounding, and ten at each face of a temple, &c, 
with a peristyle wiihm of six coluinns. 

HVPOGLUM,in theAncieiit Architecture*,a name com¬ 
mon to all the parts of a buililing that arc underground; 
as the cellars, btitr 4 'rte», &c. 

IIYPO.MQCI’ILION, the fulcrum or prop of a lever; 
or the point whirb sustains its pressure, when employed 
either in raising or lowering bodies. The hypomochlion is 
frequently a roller set under the lever; or under stones or 
pieces of tiinh<*r,&c, that they may be the more easily lifted 
up, or removed. 

HYPOTENUSE,or HYPOTHBKUSE,tna right-angled 
triangle, is the side which subtends, or is opposite to the 
right an?Jc, being always the longest of the three sides; as 
the side ac, opposite to the right angle d. 

It is a celebrated theo¬ 



rem in plaTic geometry, 
being tin* 47th prop, of the 
l^t i>ook of Euclid, that 
in every right-angled tri¬ 
angle A BC, the square 
formed on the hypo¬ 
tenuse AC, is equal (o 
bulb the two squares 
formed iipop the other 
two sides ad and bc; or 

that AC^ =! AD* -I- DC^ 

This is particularly called 
the Pythagorean theorem, from its reputed inventor, Py¬ 
thagoras, who it is said sacrificed a whole hecatomb to 
the muses, in gratitude for the discovery. But the same 
thing is true of circles or any other similar figures, viz, that 
any figure described on the hypotenuse, is equal to the 
sum of the two similar figures described on both the other 
two sides. 

HYPOTHENUSE. See Hypotevuse. 

HYPOTHESIS, in Geometry, or Alatbcmatics, means 
much the same thing with supposition, being an assum]>- 
lion of soractliing os a condition, upon which to raise a de¬ 
monstration, or from which to draw an inference. 

Hypotheses, or postulatums, are considered by Dr. 
Barrow os proposiuons assuming or affirming some evi- 


d*‘mly possible mode, action, or motion oi a iJiiii<:, and 
thaHherc is the same afiiniiy between hypolhestsand pro- 
bK-nis, a> bvuwen axioins and iheoi^ iiis: a problem show¬ 
ing ihe manner, and derm-nstraung ihe posdbilir) of some 
structure, aii<l ;in hypnihi vi^ assuming some construction 

wliich inanifv'ih jn ^slble. 

In disputation, lal^c hvpntlu'M v are often employed in 
order to <lraw the aniagonisis into ;jt«surdi(ic^; and even 
in gcomeliy, truths aie oluii to be deduced from such 
false h) iKiihe^cs. 

Ever^ cohdiii<mHl, or hypotlntical pio|)n>iti<>n, maybe 
di>tin;:uished into bjjmihi'sis niid ihc>i5 : the first asserts 
the conditions under which any thing is affirined or denn d ; 
and the hiiter is the thing itself affirnn <1 or di nied. I bus, 
in the proposition, a triangle is half of a parallelogram, if 
the bases and allKudes of the two be equal; the hitter 
part, namely, •• it the buses/^ &c, is the hypothesis; and 
the former jiurt, “ u triangle is half u parullelogrum/' die 
thesis. 

Iij strict logic, we arc never to pass from the liypothesis 
to the thesis: that is, the principle supposed iiiust bc 
provc<l to be true, before wc require the consequence to bc 
made. 

Hypoiuesis, in Philosophy, denotes a kind of system 
laid down from our own imagination, by which to ac¬ 
count for some phenomenon or appearance of nature. 
Thus, there arc hypotheses to account for the tides, tor 
gravity, for magnetism, for the deluge, 6cc. 'I he real and 
scientific causes of natural things generally lie very deep 
in obscurity: observation and experiment, the proper 
means of arriving at them, are in most cases extremely 
slow; and the human mind in consequence gels very im¬ 
patient: Jionce wn are often inducid to feign or imcni 
something that may seem like the causc,and which is cal¬ 
culated to answer the several phenomena, so that it may 
possibly bc the true cause. Philosophers are divided as to 
the use of such fictions or hypotheses, which are much 
less current now than they were formerly. The latest and 
best writers are for excluding hypotheses, and standing 
entirely on observation anil experiment. Whatever is 
not deiluced from phenomena, says Newton, is an hypo¬ 
thesis ; and hypothes<*s, whether metaphysical, or physi¬ 
cal, or mechnnical, or of occult qualities, have no place 
in experimental philosophy. Phil. Nat. Prin. Math, in 
Calce. 

HypoTiiEsis is more particularly applicti, in astro¬ 
nomy, to the several systems of the heavens; or the divert 
manners in which different astronomers have supposed the 
heavenly bodies to bc ranged, or moved, 1 he principal 
hypotheses are the Ptolemaic, thel'ychonic, and theCo- 
pcrnican. This last is now so generally received, and so 
well established and warranted by observation, that it is 
thought derogatory to it to call it an hypothesis. 

HYPO! RACIIELION, in Architecture, is used for a 
little frizc iti the Tuscan and Doric capita], between the 
astragal and annulets; called also the colcrin and gor- 
gerin. The word is applied by some oulbors in a more 
general sense, to the neck of any column, or that part of its 
capital below the astragal. 
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TACK, in Mechanics, is an iiistrumont in common use 
for raising heavy limber, or very great weights of any 
kind ; being a ceriain powerful combination of Iceth and 
pinions ; the whole inclosed in a strong wooden stock or 
frafiie Be, and moved by a winch or handle iir; the out* 
side appearing as in the figure an* 
mxed, 

lei ftg. 6, pi. 14, the wheel or 
rack*work is shown, being the view 
of the inside when the stock is re¬ 
moved. Though it is not drawn in 
the Just proportions and dimensions, 
for the rack a a must be supposed 
at least four times as long in propor¬ 
tion to the wheel q, as the figure re¬ 
presents it; and the teeth, which 
will be then four times more in num* 
her to have about 3 in the inch. 

Now if tlie handle iiv be 7 inches 
long,the circumference of this radius 
will be 44 inches, which is the di¬ 
stance or space the power moves 
through in one revolution of the 
handle: but as the pinion of the handle has but 4 leaves, 
and the wheel Q suppose 20 teeth, or 5 times the number^ 
therefore to make one revolution of the wheel q, it re¬ 
quires 5 turns of the handle, in which cose it passes 
through 5 times 44or 220 inches: but-the wheel having 
a pinion u of 3 leaves, these will raise the rack 3 teeth, or 
one inch, in the same space. Hence then, the handle or 
power inovino 220 times as fast as the weight, will raise 
ur balance a wciglit of 220 times its own power. And if 
this be the hand of a man, who can sustain 100 pounds 
weight, he will, by help of this jack, be able to raise, or 
sustain a weight or force of 220001b, or about 10 tons 
weight. This machine is sometimes open behind from the 
bottom almost up to the wheel q, to let the lower claw, 
which in that ease is turned up as at B, raise any weight. 
When the weight is drawn or pushed sufficiently high, it 
is kept from going back by hanging the end of the hook s, 
fixed to a staple, over the curved part of the handle at A. 

Jack is also the name of a well-known engine in the 
kitchen, used for turning a spit. Here the wcighlis the 
power applied, acting by a set of pulleys; the friction of 
the parts, and the weight with which the spit is charged, 
make the force to be overcome; and a steady uniform mo¬ 
tion is maintained by means of the fly. Sec the fig. of this 
machine, pi. 14, fig. 7* 

Sttioke J ACKf is an engine used for the same purpose 
with the common jack, and is so called from its being 
moved by means of the smoke, or rarefied air, ascending 
the chimney, and striking against the sails of the horizontal 
wheel AB (plate 14, fig* 8), which being inclined to the 
horizon, is moved about the axi$ of the wheels together 
with (he pinion c, which carries the wheels d and a; and 
a carries the chain f, which turns the spit. The wheel 
AD should be placed in the narrow part of the chimney, 
where the motion of the smoke is swiftest, and where also 


the greatest part of it must strike on the sails. The 
force of this machine depends upon the draught of the 
chimney, and the strength of the fire. ^ 

JACK-y4rcA, is an arch of one brick thickness. 

jACK-//rad, a part sometimes annexed to the forcing* 
pump. ® 

JACOBV5/q/f, a mathematical instrument for taking 
heights and distances; the same with the Cross-staff; which 
see. 

JAMBS, or Jaums, in Architecture, are the upright 
sides of cliimncys, from the hearth to the mantle-tree. 
Also door posts, or the upright posts at the ends of the 
window frami^s. 

5/. James’s Day, a festival in the calendar, observed 
on the 25th of July, in honour of St. James the apostle. 

January, the fint month of the year, according lo 
the compulation now used in the West, and coiilaining 31 
days; so called by the Homans from Janus, one of their 
divinities, to whom they gave two faces; became on the 
one side, the first day of this month looked towards the 
new year, and on the other towards the old one. The 
, name may also be derived frum Janua, a gale; Ibis month, • 
being the first of the year, may be considered ds the gale 
or entrance of it; January and February were introduced 
into the year, by Numa Pompilius; Romulus’s year be¬ 
ginning with the month df March. 

JAUMS. See Jasibs. 

1 C£, a brittle transparent body, formed of some fluid, 
frozen or fixed by cold. The specific gravity of tee 
Co water, is various, according lo the nature and circum¬ 
stances of the water, degree of cold, &c. Dr. Irving 
(Phipps’s Voyage towards the North Pole) found the 
densest ice be could meet with about a 14th part lighter 
than water. M. de Mairan found it, at differcnt'trials, 
l-14th, I8lh, or lOlh lighter than water; and when the 
water was previously purged of air, only a S2d part. 

The nircfaclion of ice has been supposed* owing to the 
air-bubbles produced in ice while freezing; these, being 
considerably large in proportion to the water frozen, ren¬ 
der the ice so much specifically lighter. It is well known 
that a considerable quantity of air is lodged in the inter¬ 
stices of water, though it has there little or no clastic pro¬ 
perty, on account of the disunion of its particles; but on 
’ these particles coming closer together, and uniting as the 
water freezes, light, expansive, and elastic air^bubbles are 
thus generated, and increase in hulk as the cold grows 
stronger, and by their clastic force bunts to pieces any 
vessel in which the water is closely contained' . Rut snow¬ 
water, or any wnt*r long boiled over the fire, affords an 
ice more solid, aqil with fewer bubbles- Pure water long 
kept in vapuo and fnizen aHcrwards there, freezes much 
sooner, on being exposed to the same degree of cold, than 
water unpurged of its air and set in the open atmosphere. 
And the ice made of water thus divested of its air, is much 
harder, more solid and transparent, and heavier than com¬ 
mon ice. 

But M. de Mairan, in a dissertation on ice. Attributes 
the increase of the bulk of the water under this form, 
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chiefly to a differcnl arrangement of iis parts: the icy 
skin on water being composed of filamem-. which arc found 
to bejoined.constantlyand regularly atan angle of60°, and 
which, by this disposition, occupy a greater volume than 
if they were parallel. Besides, after ice is formed, he 
found it continue to expand cold; a piece of ice. which 
was at first only a 14th part specirically ligliter than water, 
on being exposed some da^s to the frost, became a 12th 
part lighter; and thus he accounts for the bursting ol ice 
Jii ponds. 

It appears from an experiment of Dr. Hooke, in 10’6'3, 
that ice refracts the light less than water ; whence he in¬ 
fers, that the lighincsi of ice, which causes it to swim in 
water, is not produced merely by the small bubbles which 
are visible in it, but that it arises from the uniform con¬ 
stitution or general texture of the whole nniss ; a fact 
which was afterwards coiilirnied by .M. Lahire« Sec 
Hooke’s Exper. by Derham, pa. 26, Acad. Per. 16‘93, Mem. 
pa. 25. 

^ Sir Robert Barker thtis describes the process of making 
ice in the East Indies, in a country where he never saw 
any natural ice. On a large plain is dug three or four 
pits, each about 30 feet square, and 2 feet deep; the bot¬ 
toms of which are covered, about 8 or 12 inches thick, with 
sugar-cane, or the stems of the large Indian corn, dried. 
On this bed are placed in rows a number of small shal¬ 
low unglazed earthen pans, formed of a very porous earth, 
a quarter of an inch thick, and about an inch and a quarter 
deep; which, at the dusk of the evening, they fill with 
Soft water that has been boiled. In the morning before 
sunrise the ice-makers attend at the pits, and collect what 
has been frozen in baskets, which they convey to the place 
of preservation. This is usually prepared in some high 
and dry situation, by sinking a pit 14 or 15 feet deep, 
which they line first with straw, and then with a coarse 
kind of blanketing. The ice is deposited in this pit, and 
beaten down with rammers, till at length its own accu¬ 
mulated cold again freezes it, and it forms one solid mass. 
The mouth of the pilis well secured from the exterior air 
with straw and blankets, and a thatched roof is thrown 
over the whole. Philos. Trans, vol. 65, pa. 252. 

For the force of icc and other very iniciwling particu¬ 
lars relating to it, sec the articles Freezing, Coed, and 

CONOEEATION. 

ICHNOCKAPHY, in Architecture, is a transverse or 
horizontal section of a building, exhibiting the plot of the 
whole edifice, and of the several rooms and apartments in 
any story ; together with the thickness of the walls and 
partitions; the dimenUons of the doors, windows, and 
chimneys; the projecturcs of the columns and piers, with 
every thing visible in such a sextion. 

IcfiNOGRAPiiy, in Fortification, is the plan or repre¬ 
sentation of the length and breadth of a fortress; the dis¬ 
tinct parts of which arc marked out, either on the ground 
itself, or upon paper. 

IcuNoGRAPiiY, in Perspective, the view of any thing 
cut off by a plane parallel to the horizon, iust by the base 
or bottom of it; being the same with what is othenvise 
called the plan, geometrical plan, or ground-plot, of any 
thing, and is opposed to Orthography or Elevation. 


regular bodies or solids, terminated by twenty equilateral 
and equal triangles. It may be considered os consisting 
of 20 equal and simitar triangular pyramids, whose ver¬ 
tices meet in the centre of a sphere conceived to circum- 
VoL. I. 
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' scribe it. anil therefore having all their heighis and bases 
I equal: hci.ee the solidity of one of,hose pvrarni.l^ nnil- 
Upluil by 20, the number of them, gives the solnl ton- 
I ten I ol the icosaedron. 

To/omi or make the /co5ar</ron.—D.-scribe upon a card 
paper, or some other such like -ubsianc-. 20 cquil.it. ml 
umngles, as in the hgure at the ariule Bci.v 

Cut It out by the extreme edges, and cut all the oilier 
Iin« half through, then fold the sid., up by thi^c cdg.s 
and the solid will be formed. 

The linear edge or side of the icosaedron being .s, il.vi. 
will the surface be 5 a V3 = «- 6602.540 a'-, and the 

iuJity = iA - 2-1816~950 .s*. 

More general cijuations, and relations, may be seen in 
my Mensuration, pa. lyo, 4th edit. 

IDES, in the Roman Calendar, a name given to a senes 
of 8 days in each month; which, in the full months, 
ftlarcb. May, July, and Octobcr,commcnccd on the 15ih 
day ; and m the other mouths, on the 13lh day ; from 
thence reckoned backward, so as in those four months to 
^nninate on the filh day, and in the rest on the 6ih. 

1 hcse came heiwceii the calends and the nones. And this 
way of counting is still used in the Roman Chancery, and 
aiM) jn ibe Calvnclar of the Breviary. 

JEl D EAU, a Irench word, signifying a fountain that 
throws up water to some height in the air. Ajel of water 
IS thrown up by the weight of the column of water above 
Its ajutage, or orifice, up to its source or reservoir; and 
l^hcrcfore it would rise to the same height precisely as the 
bead or reservoir, if certain causes were removed which 
prevent it Irom rising quite so high. For first, the velo¬ 
city of the lower particles of the jet being greater than that 
of the upper, the lower water strikes that which is next 
above it ; and as fluids press every way, by its impulse it 
sndeiis, and consequently shortens the column. Secondly, 
the water at the top of the jet docs not immediately full 
off, but forms a kind of ball or head, the wei"hl of which 
depresses the jet; butif the jet be a little inclined, or 
not quite upright, it will play higher, though it will not 
tn such case be quite so beautiful. Thirdly, the friction 
against thesidcs of the pipe and hole of tlie ajutage, pre*- 
vents the jet from rising quite so high, and a small one 
will be more impeded than a large one. And the fourth 
cause IS the resistance of the air, which is proportional to 
the square of the velocity of the water nearly; and there¬ 
fore the defect in the height is nearly in the same proper- 
Uon, which is also the same as the proportion of the hci<*hts 
of the reservoirs above the ajutage. Hence, nnd fromw- 
pcriencc.it is found that a jet, properly constructed, rises 
to different heights according to tbe height of the rcscr- 
voir, as in the following table, Of the heights of reservoirs 
and the heights of their corresponding jeb; the former in 
feet, and the latter in feet and tomhs of a foot. 


Heights <tf Reservoirs and their Jets. 




Rci. 


R<*. Jei. I R«. I Jn. 


4- 9 

5- 9 

6 - 8 
7-8 
87 
97 

10*6 



11-6 

12*5 

3*4 

4*3 

5-2 

6*1 

70 


»9 179 

20 lS-8 

21 197 

22 20-6 

23 21*5 

24 22-3 

25 23-2 

4R 


26 

27 

28 

29 

SO 

31 

32 


24*1 

249 

25- 8 

26- 6 
27*5 
28-3 

292 
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Rei. 1 

Jet. 1 

Rri, 1 

Jet. 

Rei. 

Jet. 

Rev 

Jet« 

33 

30 0 

52 

45-2 

71 

59'3 

90 

72*5 

34 

30-8 

:)'S 

4()-0 

72 

600 

91 

73-2 

35 

31 0 

54 

46-7 

73 

O0'7 

; 9'j 

70'8 

30' 

:)2'5 

,55 

47-5 

74 

0l + 

1 93 

7 4-5 

37 

330 

50 

IK'2 

73 

021 

1 94 

75-2 

38 

04-1 

57 

49 0 

70 

02-8 

95 , 

73-8 

39 

34'9 

58 

49-7 

77 

03-5 

96 1 

70-5 

40 

35'7 

59 

50-5 

78 

()4-2 

97 

77-2 

41 

30-0 

(io 

51-2 

79 

64-9 

98 

77-8 

42 

37-4 

61 

52-0 

80 

050 

99 

78-5 

43 

33-1 

1)2 

527 

81 

00'3 

100 

79-1 

44 

3S'9 

63 

53-.5 

82 

67 0 

' 110 

85-6 

45 

39'7 

04 

34-2 

83 

677 

120 

1 91-9 

40 

40-5 

65 

54-9 

84 

68-4 

130 

1 9SO 

47 

41-3 

66 

55 7 

«5 

69 -1 

140 

104 

48 

421 

07 

56'4 

80 

09'8 

150 

110 

4.9 

42-9 

68 

57-1 

87 

70-5 

l6t) 

llO 

50 

43-7 

09 

57-8 

88 

711 



51 

44-4 

70 

58-6 

89 

71-8 




By various expvriinciits tlial have been made by Ma- 
riotte, Dcso^uliors, and others, it 1ms been found, that if 
the rtservoir be 5 feet high, a conduct-pipe inch dia¬ 
meter >viM admit a hole in the ajutage from ^ to of an 
incji; and so on as in the following table: 


Height 

Reiervoir. 

5 feet 


Diim* of the 
Ajutaj;e« 

i to 1 inch • 

Diatn. of the 
Con4uct«Pipee 
• inch 

10 - 

• 

- - 

- 2 

15 - 

* 

4 • - - 

- 24 

20 - 

- 

t « 

T • 

■ 24 

25 - 

• 

1 ' 

T • • • 

• 24 

30 - 

• 

■» to 1 • 

- 34 

40 - 

• 

t 

'4 

- 44 

4 

50 -• 

• 

i - - 

■ ^ 

60 - 

* 

I 

- 54 or 6 

80 - 
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But the size of the pipe is more or less, with the distance. 

If it be required to keep any number of jets of given di¬ 
mensions playing, by one common conduct-pipe,'the dia¬ 
meter of an ajutage must be found that shall be equal to 
all the small ones that are given, and from this its proper 
conduct-pipe. Thus, if there be 4 ajutages, each ^ofan 
inch dimneter; then the square of ^ is which multi¬ 
plied by 4, the number of them, makes square 

root of which is } or 14 , the diameter of an ajutage equal 
to all the other four; to which in the table answers a 
pipe of 8 inches diameter. In general, the diameter of 
the conduct-pipe should be about 6. times that of.thr aju¬ 
tage.—SeeMariotte’s Mouvement des Eaux; Desaguliers's 
E.\pcr. Philos, vol. 2, pa. 127, &c; Clare's Motion of 
Fluids, ,pa. 109 > &c. 

JETl'E, the border made round the stilts under a pier, 
in certain old J)ridges, being the same with starling, con¬ 
sisting of n strong framing of timber filled with stones, 
chalk, &c; to preserve the foundations of the piers from 
injury. 

IGNIS Fatuos, a common meteor, chiefly seen In 
dark nights about meadows, marshes, and other moist 
places, ns also in buryitig-grounds, and near dung-hills, 
it is known among the people by the appellations, Will 
with a Wisp, and Jack with a Lantern. Dr. Shaw describes 
a remarkable ignis fatuus, which he saw in the Holy Land, 


1 

that was sometimes globular, or in the form of the flame 
of a candle; and presently afterwards it spread itself so 
much as to involve the whole company in a pale inoflen- 
sivc light, and then contract itself again, and suddenly 
di^appca^. But In less than a minute it would become 
visible as before; or, running along from one place to 
another, with a swift progressive motion, would expand 
itself at certain intervals over more than 2 or S acres of 
the adjacent mountains. The atmosphere had been thick 
and hazy, and the dew on the horses’ bridles w.is uncom¬ 
monly clammy and unctuous. In the same weather he 
observed those luminous appearances,' which skip about 
the masts and yards of ships at sea, and which the sailors 
call corpusanse, by a corruption of the Spanish cuerpo- 
Santo. Shaw's Travels, pa. d6'3. 

Newton calls it a vapour shining without heat; and 
supposed it to be of the same nature with the light issuing 
from putrescent substances. Willoughby and Ray were 
of opinion that it is occasioned by shining insects: but ell 
the appearances of it observed by Derbam, Beccaria, and 
others, sufficiently evince that it musVbean ignited va¬ 
pour. Inflammable air has been found to be ibe most 
common of all the factitious airs in nature; and that it is 
the usual product of-the putrefaction and decomposition 
of vegetable substances in water. Signor Volta writes to 
Dr. Priestley, that 4ie fires inflammable air by the electric 
spark, even when the electricity is very moderate; and 
he supposes that this experiment explains theinflammation 
of the ignes fatui, provided they consist of inflammable 
air, issuing from marshy ground by help of the electricity 
of fogs, and by falling stars, which have probably an 
electrical origin. See Priestley's Obs. on Air, vol. 3, pa. 
382; the Philos. Trans. Abr. vol. 7, pa. S74, &c. 

IGNITION, properly signifies the setting fire to any 
substance; but the sense is commonly restrained to that 
kind of burning which is not accompanied with flame, 
such as of charcoal, ciiiden, metals, stones, and other 
solid substances. The effects of ignition are first to dis¬ 
sipate what is called the phlogiston of the ignited body, 
after which it is reduced to ashes. Vitrification next fol¬ 
lows ; and lastly, the substance is totally dissipated in 
vapour. All these effect?,however, depend on the presence 
of the air; for in vacuo the.phlogislon of any substance 
cannot be dissipated. Neither can a body which is to¬ 
tally destitute of phlogiston be ignited in such a manner 
as those which contain it; for as long as the phlogiston 
remains, the heat is kept up in the body by the action of 
the external air upon it: but when the pblogistod is en¬ 
tirely evaporated, the air always destroys, instead of aug¬ 
menting the heat. Philosophers have therefore been 
greatly embarrassed in explaining the phenomena of igni¬ 
tion. See Phi,ooi8TON. 

ILLUMINATION, the act or effect of a luminous 
body, or a body that emits light; sometimes also the state 
of another body that receives it. 

Circ/eq/ ItLUMlJiATioif. Sec CiRCtE. 

ILLUMINATIVE Lunor Month, the space of time that 
the moon is visible,between one conjunction and another. 

IMAGE, In Optics, is the spectre or appearance of ail 

object, made either by reflection or reftaction. In all 
plane mirrors, the image is of the same magnitude aa the 
object; and it appears as far behind the mirrof as Inc ob¬ 
ject is before it. In convx-x mirrurs) the image appean 
loss than the object; and farther distant from the cenW 
of the convexity, than from the point of reflection. Mr. 
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Molyneux gives the following rule fur finding the diame¬ 
ter of an image, projected in the distinct base of a convex 
mirror : viz, As the distance of* the object from the mirror 
is to the distance of the image from the glass, so is the 
diameter of the object to the diameter of the image. Sec 
Leks, MiHHon> UErLi:CTiON, and ReFUACTiOK. 

IMAGINARY Quantilic^s, or Impossible Quinuities. in 
Algebra, are the even roots of negative quantities; which 
expressions are imaginary, or impossible, or opposed to 
real qnanlitici»; ^ ^ ua, or i/ — &c. For, us every 

even power of any quantity whatever, whether positive or 
negative, is necessarily positive, or having the sign s-, be¬ 
cause ^ by or — by — give e<juully ; hence it fol¬ 
lows that every even power, as the square for instance, 
which is negative, or having the sign —, has no possible 
root; and therefore the even rootsofsuch powers or quan¬ 
tities arc said to be impossible or imaginary. The inixt 
expressionsarising from imaginary quantities joined to real 
ones, arc also imaginary ; ns <i ^s/^ or 6 -h ^ — an. 
The rootsof negative quantities werc,))erlmps, first treated 
of in Cardan's Algebra. As to the uneven roots of such 
quantities, he shows that they arc negative, and at the 
same time assigns them : but the even roots of them he 
rejects,observing that they arc nothing as to conimor. use, 
being neither one thing or other ; that is, they arc merely 
imaginary or impossible. And since his time, it has gra¬ 
dually become a part of algebra to treat of the roots of 
negative quantities. Albert Girard, in his Invention Nou- 
vclle on rAlgebrc, pa. 42, gi^cs names to the three kinds 
of roots of equations, calling them, greater than nothing, 
less than nothing, and cnvelopec, as 3 : but this was 

soon after called imaginary or impossible, as appears by 
Wallis’s Algebra, pa. 264 &c ; where he observes that the 
square rout of a negative quantity, is a mean proportional 
between a positive and a negative quantity ; ss is 

the mean proportional bc'twcen -h b and — c, or between 
and H- c; and this he exemplifies by geometrical con¬ 
structions. also pa. 313. ^ , 

The arithmetic of these imaginary quantities has not yet 
been generally agreed on; viz, as to the operations of mul¬ 
tiplication, division, and involution; some authors giving 
the results with -h, and others on the contrary with the 
negative sign Thus, Euler, in his Algebra, pa. 106 
&c, rnakiu the square of — 3 to be --3, of a/ to 
be 1 &c; and yet he makes the product of two impos¬ 
sibles, when they arc unequal, to be possible and real: as 

^-.2 X ^-3 = ^ r 

2. But how can the equality or inequality of the factors 
.1*._in the sicns of the nroducis ? If 


caQse any diffcnmcc in the signs of the producu 
4 /— 2 X a/ —3 ^ ^ ^ how can 3 x ^ 3, 
which is the squnre of 3. be - 3 ? Again, be makes 
4 / — 3 x = niakes 

1 tobe 4' or2 j and ^ + 3-rv^ — 3 

s 1 ; also -that \ or •/+ \ 1 —•</“ = 

v/ - 1 ; consequently, multiplying the quotient root,/ -1 
by the divisor ./—I, must give the dividend »/■*■ I; and 
yet, by squaring, he makes the square of 1 , or the 
pr^uct-v/—! X v'— 1 , equal to— 1 . .... 

But Emerson makes the product of imagmanes to be 
imaginary; and for this reason, that •* otherwise a real 
product would beraised from impossible facton, which is 
absurd. Thus, a* ^ -h =■ J - ab, and v'-a 
X — Iris — y/— aft, &c. Also y/ — a x yr a 
a a, and y/*-a x And thus 


' ‘most of the writers on this part of algebra are protiy 
equally divided, some inakin*: the pro<lucl of iniposMbU ^ 
reul> and otlu r> iniiiguiai^.— Inlht^ Puil. Trans, lor 1778, 
pa. 318 &c, Mr. Pl.r/tair L.i'* ;:ivi*n an ingrnious djs**fi- 
ration on the .Ar'lhiui tic < f Qn-.nlitii s. Hut 

this relates ch ellV to tin ir apphcati and usos, an<l iif>; 
to the algorithm of tliiin,or inles lor tia ir products, <juo- 
tieiits, squares, ivc. Froni suinr operation" l*o\vi vcr hen* 
performed, weleurn that lie luakob \\ir product c f — I 
by y/— J, or llie squnre of v^— I, Lc— I ; and yet 
ill anothci place he makes t!.c pr^aluci <•( y/ — I and 
v/(l — s ) to be ^/(-^ 1 2')* 'i his aulln^r cnnrlude5, 

that imaginary expressions aio never of use in investiga¬ 
tions but when the subject is a prnpert) common to llic 
measures botli ol ratios and of angles; that they uesor had 
to any cohsc<juonce uhich miglit nut he drawn from the 
ufiinity between those measures; and that they are indeed 
no more than u particular method of tracing that afiinity. 
The deductions into which they enter nre thus reduced 
lo an argument from analogy, but the force of tinm a 
not dimini>he<i on that account. 'I'he laws to which this 
analogy is subject; the cases in which it is perfect, in 
which it sufi'ers ceitaiji alterations, and in which it is 
wholly interrupted, arc capable of being ])reciscly asccr- 
cained. Supported on so sure a foundation, the arith¬ 
metic of impossible quantities will always remain an u*^c- 
ful instrument in the discovery of truth, ami may be of 
service when a more rigid analysis can hardly be upidied. 
For this reason, many researches concerning it, w liicli in 
themselves might be deemccl absur<l, are nevertheless not 
destitute of utility. M. Bernoulli hav f<ioiul, for exam- 
pie, that if r be the radiu? of a circle, ihc cfrcuinterence 

r. Considered ns a quadrature of the 

circle, this imasinury theorem is wholly insignificant, and 
would deservedly pass for an abuse of calculation j at the 
same lime we learn from it, that if in any equation the 

quantity should occur, it may be made lo dis¬ 

appear, by the substitution of u circular arch, and a pro¬ 
perty, common lo bolli llic circle and hyperbola, may ho 
obtained. The same is lo be 4»bservcd of the rules which 
have been invented for the transformaiion and reduction 
ofiinpossiblequuntities''^ they facilitate the operations of 
this imaginary arithmetic, and thereby leml to the know¬ 
ledge of the most hcauliful and extensive analogy which 
the doctrine of quantity has yet exhibited. 

• TTie rules chiefly referred to, are those for reducing 
the impossible routs of an equation lo the form a B\/ 1* 

Imacikary RootSf of an equation, urc those roots or 
values of the unknown quantity in anequniion, which con¬ 
tain some imaginary quantity* So the rontsof the equa¬ 
tion XX aa = 0, arc the two imaginary quantities 
and — v' — no, or -i- ^ \ and — as/^ 1; 

also the two roots of the equation xx h- ox aa s 0, 
are the imaginary quantities ± 4a — 4a^ —3; and the 
three roots of the equation x^ ~ 1 s 0, or s 1, arc 1, 

^ — I —^the first real, and the 

a ' a 

two latter imaginary. S^ctimes the real root of an 
equation may be expressedoy imaginary quantitu^; as in 
the irreducible case of cubic equations, when the root is 
expressed by Cardan’s rule; and that liunpcns whenever 
the equation baa no imaginary roots at all; but when it 
has two imaginary rooU, then the only real root is ex- 

4R2 
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prc»>('<l by lhat rule in an iinagirrary form. See my paper 
on('nt>ic K(|iuiuons, in my 'IVacis, vol. 2, pa. 78, Philos, 
'franv. for 1780, pa. 406 &c. 

Albert Girard lirst treated expressly on the impossible 
or imaginary mots of ccjuations, and stated that every 
e<|iKUion has ns many roots,either real or imaginary, as the 
imleH of the lughest power denotes. Thus, the roots of the 
biquadratic e(|ualion = 3, arc four, which he 

shows to be tuo real anti two imaginary, viz, 1, I, — 1 -f- 
*-2, ant) — I ^ y/^ \ and lie renders the relation 

|:encral, between all the roots and the coeflicients of the 
t<Tni5 of the equation. Sec his Invention Nouvclle en 
TAlgobre, anno l629, thcor. 2* pa. 40 &c. 

M. Dalen^bert demt>nstrated, that every imaginary 
root of any ctjuation can always bo reduced to the form 
c /\/— 1, w la’rc € and f are real quantities. And 
hence it was uUo shown, that if 

one root of an equation be - - e -f-Zy/— 1, 

another root of it will always be - • e ^ “• 1 : 

and liencc it app'.irs that the tuunber of the imaginary 
Toots in any equation is ahvays even, if any ; i. e. either 
none, or else two, 4>r four, or six, &c. Memoirs of the 
Academy of Berlin, 174(i. 

To discover bow many impossible roots are contained 
in any proposed ecpiation, Newton gave this rule, in his 
Algebra, viz, Constitute a series of fractions, whose deno* 
luinators are the series of natural numbers 1, 2, 3,4, 5, 
continued to the number showing the index or expo* 
nent of the highest term of the equations, and thetr numc* 
raters the same series of numbers in the contrary order: 
and divide each 4>f these iVactitnis by that next before it, 
and place the resulting quotients over the immediate terms 
of the equation ; then under each of flic intermediate 
terms, if its square multiplied by the fraction over it, be 
greater than the product of the terms on each side of it, 
place the sign ^ ; but if not, the sign ; and under the 
^rst and last term place the sign ^ . Then will the equa^ 
tion commonly have as many imaginary roots as there are 
changes of the underwritten signs, from to and from 
^ to So for the equation x,^ — 4x* -f- 4x « 6 s O, 
the series of fractions i^ f» 4* second divided 

by the first gives or y, and the third divided by the $c« 
cond gives ^ also ; hence these quotients placed over the 
intermediate terms, the whole will stand 


a^x vC 4: 4c s O, 


I 

T 


1 

T 


thus, x^ — 4x^ -+• do* — 6. 

^ , 

Now because the square of the 2cl term multiplied by its 
superscribed fraction, is which is greater than 42^ 

the product of the two adjacent terms, therefore the'sign 
•+■ is set below the 2d term; and because the square of 
the 3d term multiplied by its overwritten fraction, is 
which is less than 24x'' the product of the terms on each 
side of it, therefore the sign — is placed under that lermj 
also the sign is set under the 6rst and last terms. 
Hence the two changes of the underwritten signs •4~ •*- 
— the one from -h to —, and the other from — to 
show that the given equation has two impossible roots. 
When two or more terms are wanting together, under the 
place of tho Ist of the deBcjjmt terms write the sign —, 
under the 2d the sign under the 3d —, and so on, al¬ 
ways varying the signs, except that under the last of the 
dvdeient terms must always be set the sign when the 
a<ljacent terms on both sides of the deficient terms have 
contrary signs. As in the equation 


Tvhich lias four imaginary roots ; there being four changes 
in the signs sis written. The author remarks, that this 
rule will sometimes fail of discovering all the impossible 
roots of an equation, fur some equations may have more 
of such roots than can be found by this rule, though this 
seldom happens. 

Mr. Maclaurin has given some account of this rule of 
Newton’s, together with one of bis own, which he says 
will never fail; and the same has also been done by Mr. 
Campbell; but none of them obtain universally. See 
Pliilos. Trans, vol.34, pa. 104, and vol.35, pa.5l5. More 
accurate rules have bce-n since given by Dr. Waring. 

The real and imaginary roots of equations may be found 
from the nieUiod of fluxions, applied to the doctrine of 
maxima and minima, that is, to find such a value ofx in 
an equation, expressing the nature of a curve, made equal 
toy, an abscissa which corresponds to the greatest and 
least ordinate. But when the equation is above 3 dimyti- 
sions, the computation is very laborious. See Stirling's 
treatise on tho lines of the 3d ordor, Scliol. pr.8, pa. 59&c. 

IMBIBE, is commonly used in the same sense as ab¬ 
sorb, viz, where a dry porous body takes up another that 
is moist. 

IMMENSE, that whose amplitude or extension cannot 
be equalled by any measure whatever, or bow often soever 
repealed. 

IMMERSION, the act of plunging into water, or some 
other fluid. 

iMMensiox, in Astronomy, is when a star, or planet 
comes so near the sun, that it cannot be seen; being as 
it were enveloped, and hid in the rays of that luminary. 

Immersion also denotes the beginning of an eclipse, 
or of an occuUation, when the body, or any part of it just 
begins to disappear, cither behind the edge of another 
body, or in. its shadow. As, in an eclipse of the moon, 
when she begins to be darkened by entering into the shadow 
of the earth: or the beginning of on eclipse of the mn, 
when the moon’s disc Just begins to cover bim : or the 
beginning of the eclipse’s of any of the satellites, as those 
of Jupiter, by entering into his shadow : or, lastly, the 
beginning of an occultatiun of auy star or planet, by 
passing behind the body of the moon or another plancU 
111 oil these cases, the darkened body is said to immerge, 
or to bc.immerged, or begin to be bid, by entering into 
the shade. In like manner, when the darkened body 
begins to appear again, it is said to emerge, or como out 
of darkness again. 

IMPACT, the simple or sjnglc action of one body upon 
another to put it iu motion. Point of impact, U tbo 
place or point where a bodyacls.—Impact is ci^cr direct 
or oblique: if the body struck moves in the direction of 
the stroke, the impact is said to be direct; but if not, it 
is called an oblique impact. 

IMPENETRABILITY, the faculty which a body has 
to exclude every other body from the place that it occu- 
pies; in such manner that two bodies, placed in contact, 
can never occupy, less space than that which they filled 
when they were separate. 

Impenetrability, as it respects solid bodies, docs pot 
require to bo proved, it it at once obvious; but fiaids 
having their molccul® moveable ip all directions, and 
yielding to every impression c.xcrted on them, their im¬ 
penetrability docs not manifest itself so perceptibly as that 


of solid bodJes. Taking the air for an example : il is evi¬ 
dent that 50 long as ibis fluid is not enclosed^ its facility 
of motion causes it to admit an easy and free passage to 
all bodies that arc urged through it ; and in tins case it 
cannot be said to be p€netratcd> but displaced ; fur, if the 
air be included witinn the sides of a versed/ and another 
body be then presented to take its place, without suttering 
it to escape, it will exercise its impenetrability in the same 
manner as solid bodies. 'Mtis may be sufTicieotly evinced 
by tbc following very easy and simple experiment: Lx‘t a 
vessel be vertically detruded into another vessel lilled 
with water to a certain height, with its orihee downwards : 
the surface of the water corr^*sp:>nding with the oritice of 
(he first vessel, is depressed as this vessel itself descends ; 
and tins depression may be rendered mure sensible by 
means of a little plate or slip of cork, placed so us to float 
on the surface of the water; nevertheless, tliis water is 
not excluded hy the air w hich occupies the immersed \cs* 
sel; it is alwajs raised within it by a certain quantity 
which increases us llic vessel is immersed to a greater 
depth, similar to what is observed in the diving*bell; but 
it IS evident that this asecu^ion of the fluid is occasioned 
by the circuiustuiicc that the air is a compressible fluid, 
and not from any penetration of the water into the bulk 
of air in tbo vessel; and therefore its volume is only con* 
traded into a smaller space by a superior upward pressure 
of the surrounding w'uter in virtue of its weight. 

We must here notice a difficulty which appears to re«* 
suit from this, that w hen certain bodii*s are mingled to¬ 
gether, the volume of the mixture is less than the sum of 
the volumes taken separately. This happens, for example, 
in the mixture of equal parts of alcohol and water ; the 
same also obtains wfhen copper by fusion is mingled with 
7inc, in order to form the compound metal called brass: 
ills then observed tiiat the density of (he mixture is aug¬ 
mented by about its tenth part. This apparent penetra¬ 
tion is owing to the circumstance^ that the molcculx of 
the two bodies, in consequence of their respective forma¬ 
tion, have a ^stronger allraclion than in the two bodies 
taken separately; there hence results in the figure of the 
pores such a change as diminishes the space equal to the 
sum of thi^c pores. On the contrary, in the alloy of 
silver with copper, a kind of rarcfraclton is produced, 
such that the volume of the mixture is somewhat greater 
than the sum of the capacities of the two bodies previous 
to fusion. 

IMPENETRABLE, that cannot be penetrated. 

IMPERFECT Number^ is that whose aliquot parts, 
taken all together, do not make a sum that is equal to the 
nlimber itself, but either exceed it, or fall short of it; 
being an abundant number in tbc former case, and a de¬ 
fective number in the latter. Thus, 12 is an abundant 
impciTect number, because the sum of all its aliquotparts, 

2, 3, 4, 6, is itf, which exceeds the number 12. And 
10 is a defective imperfect number, because its aliquot 
parts, 1,2, 5, uken all together, make only 8, which is 
Jess than the number 10 itself. 

IMPERIAL Tabu, is an instrument made of brass, with 
a box and needle, and staiT, See, used for me^uring of 
land. 

IMPERVIOUS, not to be pervaded or entered cither 
because of the clpscness of tbc pores, or tbc particular 
configuration of its parts. 

IMPETUS, in Mechanics, force, momentum, motion, 

Ac. 


ImpKIUs, 111 GuimiTy, li tbu altitude due to the* 
force of projection, or the altiiu<le ihroiiph wliicli a body 
by falling acquirt^ that velocity. So that, if the velocity 
be r. the Impetus or altitude will be a feel. 

IMPOSSIBLE Suaniify, or /t'W, tlie same as 

Imaginary oiic*s ; wlucli 

Impossible lii/tomiol \ sre Uinovi i ai.. 

IMPOST, in Arcliitecturc, a capital or plinth, to a 
pillar, or pilaster, or pier, that su|>|K>rts an arch, ^v:c. 

IMPUOPI'dl Fraction, a fraction whose numerator 
is either equal to, or greater than, its denoinifuiior. A> i 
or J or An improper fraction is reducid to a whole 

or inixt number, by dividing the numerator hy ilie deno¬ 
minator; (he c|Uoticn( is the integer, and the remauider 
b€t over the divisor makes the fiaciionul pan, of the Wilue 
of the original improper fraction. ^ I, aiid 

^ = and So that, when ihv numerator ii 

just equal to the denominator, the improper fraction ib ex¬ 
actly equal to unity or 1 ; but when the numerator is the 
greater, (he fraction is greater than 1. 

IMPULSE, the single or momentary action or force 
by which a body is impelled ; in contradistinction to con¬ 
tinued forces ; like the blow of a hammer. 

IMPULSIN^E, a term applied to actions by impulse. 

INACCESSIBLE JJcii{/ti or Distanccy is tlmt which 
cannot be approached, or measured by actual mcasuro- 
ment, by reason of some impediment; as water, &c.~Scc 
and Distances. 

INCEPriVE, of MagnUudcy a term used by Dr. Wal¬ 
lis, to express such moments, or first princi|iles, as, though 
of no magnitude themselves, arc yet copable of producing 
such as are. Seo Infinite, and Indivisible. Tlius, 
a point has no magnitude, but is inceptive of u line, which 
it produces by its motion. Also a line, tliough it has not 
breadtli, is yet inceptive of brearlth ; that is, it is capable, 
by its motion, of producing a surface, w hich has breadth. 

INCH, a common English measure, being the 12th part 
of a foot, or 3 barley-corns in length. 

INCIDENCE, Of Line of Incidence, id Mechanics, 
implies the direction or inclination in which one body 
strikes or acts on another.—In the incursions of two mo¬ 
ving bodies, (heir incidence is said to be direct or oblique, 
as the directions of their motion make a straight line, or 
an angle at the point of impact. 

Ang/e of Incidencr, by some writers, denotes the 
angle comprehended be¬ 
tween (ho line of incidence, 
and a perpendicular to the 
body acted on at the point 
of incidence. Thus, sup¬ 
pose A B an incident line, 
and BF a perpendicular to 
the plane cd at the incident point d | then abf is (he 
angle of incidence, or of inclination. 

But, according to Dr. Barrow, and some other writers, 
tbc angle of incidence is the comjitement of the former, 
or the angle made between the incident line, and the piano 
acted on, or o tangent at the point of incidence: as the 
angle ABC. 

It is demonstrated by optical writers, 1st, That the 
angle of incidence of the rays of light, is always equal to 
the angle of rcfiection; and that they lie in the same plane. 
And the same is proved by the writers on mechanics, con¬ 
cerning the rcfiection of clastic bodies. That is, the 
z,Anr s the Z.fbd, or the ^ABC = the 
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2«i* 'I’iiat llic sines of the singles of iisci<ienco and rcfraclion 
lire each other, either accnralely, or>ciy nearly, in a 
given or coTi>ianl latio.—3<lly, That from air into glass, 
the sine of the angle of incidence is to the sine of the angle 
of refraction, 300 to 193, or nearly as 14 toy : and, on 
tlie otlier hunJ, that out of gln>s into air, the sine of tite 
angle of incidence, is to the sine of the angle of refraction, 
as 193 to 300, or as 9 to 14 nearly. 

iNCiur.NCF. <if Eclipse, bee Eclitsk, and Immkhsiok* 

W.iINciDKscT-, is the line pn (icr|>endiculur to the 
reflecting plane at the point of incidence B. 

Cat/icm.^^/Ixcinfcsci:. becCATiiF.TUS,and Rf.plrction. 

Line of Ixcjdenck, in Cal<^plrics, denotes a right line, 
as AH, in which light is propagated from a radiant point a, 
to u point n, in the surface of a speculum. The same 
line is also calh d an incident ray. 

Line 0 / IsciUK^icy, in Dioptrics, is ariglulinc, as ab, 
in wliich light is propagated unrefracted, in the same ine« 
diuin, from the radiant point to the surface of the re¬ 
fracting holly, CBR. 

Point o/Incidcnce, is the point b on the surface of 
the reflecting or refracting medium, on which the incident 
ray falls. 

Semples of Incidence. See Scruples. 

INCIDENT is the line or ray ab, failing on the 
surface of any body, at b. 

INCLINATION, in Geometry, Mechanics, or Phj'sics, 
denotes the mutual tendency of two lin<^ planes, or bo¬ 
dies, towards each other; so that their directions make 
at the point of concourse some certain angle. 

Inclination qf the Axis of the Earthy is the angle it 
makes with the plane of the ecliptic ; or the angle betw'ccn 
the planes of the equator and ecliptic. 

Inclination qf a Lint 
to a Plants is the acute 
angle, as cdl, which the 
line CO makes with another 
line DE drawn in (he plane 
through the incident point 
D and the fool of a perpen¬ 
dicular E, from any point 
of tlic line, upon the plane. 

Inclin ATioN of an Incident Roy, is the angle of inclina¬ 
tion, or angle of incidence. 

1 KCLiNATiON of the Mat^nttical Needle. See Dippino 
Needle. 

Inclination of Meridians, in Dialling, is the angle 
that the hour-line on the globe, which is perpendicular to 
the diul-planc, makes with tha meridian. 

Inclinatiun of the Orbit qf a Planet, is the angle formed 
1^ the planes of the ecliptic and of the orbit of the planet. 
'rKe quantity of this inclination for the several planets, is 
ns follows, viz. 




/ . 


n 

y 


Mercury 


• 

6° 

54' 

0" 

Venus 

• 

• 

3 

23 

35 

Earth 



' 0 

0 

0 

Muon 

- 

• 

5 

18 

0 

Mars 

- 

- 

1 

51 

0 

Jupiter 

- 

• 

1 

18 

56 

Saturn 

• 

• 

2 

29 

50 

Herschcl 

* 


0 

46 

20 


Ikclinatiok 0 / a Plane, in Dialling, is the arch of a 
vertical circle, perpendicular both lo the plane and the 
horizon, and intercepted between them* 

Iiici,ZNATiON qf a Planet, is the arch or angle com. 


prcbcndtil between the ecliptic and the place of the pla* 
net in it* orbit. The greatest inclination, or declination, 
is ihesnme as the iiitl illation of the orbit; which sec above.' 

I.VCLIXATIOS qf a R^ecud Ratf, is the angle which a 
ray after nfleclion makes with the axis of inclination; as 
the angle ran, in the lust fig. but one. 

Inclinatios qfTv;o Plana, is the angle made by two 
lines drawnin those planes perpendicular to their common 
interscctiof^aml meeting in any point of that intersection. 

Angle of Inclination, is the same as what is other* 
wise culk-d the angle of incidence. 

rlr^umenr o/I nclination. See AnouMEVT. 

INCLINA no ns {problem qf), is one of the last works 
of Apollonius, described by Pappus, as consisting of two 
books. Of these, restorations lia%e been attempted by se- 
veral of the modems, with various success. 1st, By Ghe- 
taldus, in two books entitled Apollonius Redivivus, 4to, 
Venice, l607 & 1613.—2d, Alex. .Anderson, Supplem. 
Apol. Rediv. Inclin. Paris, .l6l2, & 16*15, 4to.—3d, 
Horsley, Apol. Inclin. lib. 2, Qxon, 17/0, 4lo.—4th, Reu¬ 
ben Burrow published an English edition in 177p, 4to. 

INCLINED Plane,\t\ Mechanics, isa plane iiicllocd to 
the horizon, or making an angle with it. It is one of the 
simple mechanic powers, and the double inclined plane 
makes the wedge. 

L. The power gained by the inclined plane, i$ in pro- 
portion .os the length of the plane is to its height, or as 
radius to the sine of its inrlinutiun ; that is, a given weight 
hanging freely, will balance upon the plane another weight, 
that shall bo greater in that proportion. So, when the 
greater weight w uii the plane; is ba- 
lanced by the less weight w hanging 
perpendicularly, then isw : w :: bc: 

AC :: sin. a : radius. Or, in other 
words, the relative gravity of a body 
upon the plane, or. its force in de¬ 
scending down the plane, is to its ab¬ 
solute gravity or weight,in the same proportion of theheigbt 
ofthcplanetoitslength.ororthcMncofinclination toradius. 

2. Hence therefore the relative gravities of the same 
body on di6Vrcnt inclined planes, or their forces to de¬ 
scend down the planes, are to each other, as the sines of 
the angles of inclination, to radius i, or directly os the 
heights of the planes, and inversely as their lengths. 

3. Hence, if the planes have the , 
same height,and the absolute weights 
of the bodies be directly proportional 
to the lengths of the planes, then the 
forces to descend will bc equal. Con¬ 
sequently, if the bodies be then con¬ 
nected by a string aqting parallel to the planes, they will 
exactly balance each other; as in the annexed tignre. 

4. The relative force of gravity on the plane being in a 
constant ratio to the absolute weight of the body, viz, as 
sine of inclination to radius; tliercfore all the laws rela¬ 
ting to the perpendicular free descents of bodies by gra¬ 
vity, hold equally true for the descents on inclined planes; 
such ns, that the motion is a uniformly accelerate one; 
that the velocities are directly as the times, and the spaces 
os the square of either of them; qsing only the relatiige 
force upon the plane for the absolute weight of the body, 
or instead of 32'^ feet, the velocity generated by gravity in 
the first seebnd of time, using 32^, where z is the sine of 
the ioclioation to the radius i. 

5. The velocity acquired by a body in d^j^ndjng 






» 





down an inclined plane ac, when the 
body arrives at a, is the same as 
the velocity acquired by descending 
freely down the perpendicular alti¬ 
tude BC» when it arrives at b. But 
the limes are very different; for the 
time of descending down the inclined 
plane, is greater than down-thc per¬ 
pendicular, in the same proportion 
as the length of the plane ac, Is to the height cb ; and so 
the time id descending fruin any point c to a horizontal 
line or plane abg &ic, down any oblique line, or inclined 
plane, is directly proportional to the length of that plane, 
CA, or CD, or CE, or cb, or cr, &c. 

6. Hence, if there be drawn aii (>erpendicular to ac, 
meeting cb produced in ii; then the lime of di-scending 
dpwii any pitiiie Ci\, is equal to the time of descending 
down the perpendicular cii. So that, if upon cii, as a 
diameter, u circle be described, the times of descent will 
be exactly equal, down every chord in the circle, begin¬ 
ning at c, and temiinating any where in the circumfe¬ 
rence, a^ci, CA, CK, CII, tcc, or beginning any where in 
the citfU^ereiice, and ending at the lowest point of the 
circlcfas cii, in, aii, ku, &:c. 

7- ^^'hen bodies ascend inclined planes, their motion is 
uniformly retarded; and all the former laws fur descents, 
or the gcuvration of inoiion, hold equally true for ascents, 
or the destruction of the same. 

Inclivbd Towers, are towers inclined, or leaning from 
the perpendicular, as those of Pisa or Bologna in Italy. 
SccToweus. . 

INCLINERS, are inclined dials. See Diai.. 

INCOiMMBNSURABLIC, Lines, or Numbers,or Quan¬ 
tities in general, arc such us have no common measure, or 
no line, number, or quantity of (he same kind, that will 
measure nr divide them both without a remainder. Thus, 
the numbers 15 and iG are incommensurable, because, 
though 15 can be measured by 3 and •5, and 1$ by 3, 4, 
and », there is yet no single number that will divide or 
mca^uro them both.—Euclid demonstrates (prop. 117, 
lib, 10) that the side of a square and its diagonal arc in¬ 
commensurable to each other. And Pappus, prop. 17, 
lib. 4, speaks of incommensurable anglei^ 

Incoumeksvuabub »■« Power, is said of quantities 
whose 3d powers, or squares, are incommensurable. As 
and ^3, whose squares arc 2 and 3, which arc incom- 
igcnsurable. It is commonly supposed that the diameter 
and circuin&rence of a circle arcincommensuruble to each 
Ollier; at least their coinmensurability has never been 
proved. And Dr. Barrow surmises even that they arc in¬ 
finitely incommensurable, or that all possible powers of 
them arc incommensurable. 

INCOMPOSITE Numbers, are the same with those 
called by Euclid prime numbers, being such as are not 
composed by the multiplication together of u^ber numbers. 
As 3, 5, 7, 11, &c. 

INCOMPRESSIBLE, incapable of being squeezed into 
less room. 

INCOMPRESSIBILITY, incapacity to be compressed 
into less room.—During a long period, water was consi¬ 
dered os a fluid perfectly unclastic, that is, incompressible 
or unyielding: and this opinion was corroborated by an 
experiment of the Academy del Cimcnio in Italy. By 
that cx]d||mcnt, the raembera of the academy endeavour¬ 
ed to ailPlain whether water was capable of being com¬ 



pressed in any degree. For tliis purpose, they tilled a 
hollow metallic globe with th.-Jt fluid, and closed the ori¬ 
fice very accuruli'iy. fliis ball was tlien forcibly pressed 
in a proper inachuie; but no coiiiraction could be ob¬ 
served, neither indeed was tin- appar.ilus capable of show¬ 
ing small degrees of compression: hence lioweier they 
concluded that water was not capable of compression, 
'i’his opinion prvvailoil (ill ibe \ear 1701, when Mr. Can¬ 
ton discoscfcd the C'.’npressibilily ol wat< r, and of other 
liquids. He took a glass tube, having a hollow ball at one 
end, but open at top; he lilled ihe bull and part of the 
lube with water, which he had deprived of air as much as 
possible; he then placed the glass thus filled under the 
receiver of an air-pump; and on exhausting the reciixer, 
which removed the pressure of the atmosphere from over 
the water and the glass vessel, the consequence wns, that 
the water rose a little way in the tube, that is, it espand- 
cd itself. He then placed the apparatus under the re¬ 
ceiver of a condensing engine, and on hircing the air into 
it, which increased the pressure on tlie water, a diminu¬ 
tion of bulk visibly look place, the water descending a 
little in the lube. In this manner,” says iMr. Canton, 
“ 1 have found by repeated trials, when (he heat of the 
air has been about 50*^, and the mercury at a mean height 
in the barometer, that the water will expan<l and rise in 
the tube, by removing the weight of the atiuosplierc, one 
part ill 31740, and will be as much compressed under the 
weight of an addilioiiBl atmosphere. Therefore the com¬ 
pression of water by twice the weight of the atmosphere, is 
one part in 10l>70. Water has also the reinurkuble pro¬ 
perty of being more compressible in winter than in sum¬ 
mer, which is contrary to what 1 have observed both in 
spiriU of wine and oil of olives." By the same means, 
and in the same circumstances, Mr. Canton ascertained 
compressibility in some other fluids, the results of which 
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arc as below ; viz, 



Compreition of 


MiUioruh parts. 

Spirit of wine 

• 

66 

Oil of olives 

• 

48 

Rain*waicr 

• 

46 

Sea-wator 

• 

40 

Mercury 


3 

INCREMENT, is the 

small 

increase of a variable 


quantity. Newton, in hi) Treatise on Fluxions, culls 
these by the name Moments, anrl observes that they are 
proporlionul to the velocity or rate of increase of the 
flowing or variable quantities, in an indefinitely small 
time; lie denotes them by subjoining n cipher 0, to the 
varying quantity whose moment or incrc^meiit it is ; thus 
lO is the moment of x« In the doctrine of increments, by 
Dr. Brooke Taylor und Mr. Emerson, they nre denoted 
by points below the vuriablc quantities; as V Some have 
also rcpr<»cntc<l ibc in by accenu underneath the letter^ 
as but it is now more usual to express them by ac¬ 
cents over the same letter ; as 

INCREMENTS, Method q/*, a branch of Analytics, in 
which a calculqs is founded on the properties of the suc¬ 
cessive values of variable quantities, and their di(Terences, 
on increments. The in\entor of this method was the 
learned Dr. Taylor, who, in the year 1715, published a 
treatise upon it; and ufcerwards gave some fifitlier ac» ' 
count and explication of it in the Pfarilos. Trans* as applied 
to the finding ibc sums of series. Another ingenious and 
easy treatise on the same, was published by Mr* Emerson, 
in the year 1768. The method is nchrly allied to Ncwi» 
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tons doctrine of flosinns, ajul arises out of it. Also the 
ditfcrcntml iiu thod of Mr. Slirlinp^ which liu applies to 
tin* suminatjun and iiUerpolation ot bcrics, is of llie same 
oaturc ab the method of incremciiis, but not so general 
and i xlcnsive. 

From the method of incremeius, Mr. Emerson observes, 
the principal fouiulalion of the method of fluxions 
may be easily derived. Fur, as in the method of inerc- 
mcui>, ilm increment may be ol any magnitude, so in the 
method of fluxions, it mast be supposed infinitely small; 
whence all preceding and successive valuers of the variable 
quantity uill be equal, from whicli equality the rules for 
performing the principal operations' of fluxions are iininc* 
dialely dvduceil. ‘1‘hat I may give the nadcr,"'conliiiucs 
hc,“ a more perfect idea of the nature ol* this method : sup* 
pose the abscissa of a curve to be divi<led into any num¬ 
ber of etjual pans, each part of which is called the incre¬ 
ment of the abscissa; and imagine so many parallclo* 
grams to be eiecicil thereon; cither circumscribing the 
curvilineal figure, or inscribed in it; then the finding the 
sum of all these parallelograms belongs to the method of 
increments. But if the parts of the abscissa be taken infi* 
nitely small, then these parallelograms degenerate into the 
curve; and ilicn it becomes the method of fluxions, to find 
the sum of all, or the area of the curve, bo that the me¬ 
thod of increinr Ills finds the sum of any number of finite 
quantities; and the method of fluxions the sum of any 
iriflnitc number of infinitely small ones : and this is 
the essential difference between these two methods.*’ Again, 
“ There is such a near relation between the method of 
fluxions, and that of increments, that many of the rules 
for the one, with little variation, serve also for the other. 
And here, as in the method of fluxions, some questions 
may be solved, and the integrals found, in finite terms; 
while in others we arc forced to have recourse to infinite 
series for a solution. And the like diflicuhies will occur 
in the mctho<l of increments, as usually happen in fluxions* 
For while some fiuxionary quantities have no fluents, but 
what arc expressed by series; so also some increments 
have no integrals, but what infinite series afford; which 
will often, as in fluxions, diverge and become useless.^' 

By menus of the method of increments, many curioui 
and useful problems are easily resolved, which scarcely 
admit of a solution in any other way. As, suppose seve¬ 
ral scries of quantities be given, whose terms arc all formed 
according lo some certain law, which is also givcD; the 
method of increments will determine a general series, 
which comprehcnds^all nnrlicular cases, and from which 
all of that kind may be found. The method of increments 
is also of great use in finding any lerm of u scries proposed; 
. having the law given by which the terms arc formed; 
which will cither be expressed in finite quantities, or by an 
infinite series. Another application of the method of in¬ 
crements, is to find the summation of s^ics, which it will 
often cfl'ccl in finite terms. And when the sum of a series 
cannot be had in finite terms, wc must have recourse to in¬ 
finite scries; for the integral being c^xpressed by such a 
series, the sum of a competent number of its terms will 
give the sum of the scries required. This is equivalent to 
transforming one scries into another, converging quicker: 
and sometimes a very few terms of this scries will give the 
sum of the scries sought. 

Dejinitioru in the Method qf IncrejneniSt 
1. When a quantity is considered as increasing, or dc« 
creasing, by certain steps or degrees, it is called on Inte* 


grab—2. The increase of any quantity from its present 
value, to the next succeeding value, is called an incre¬ 
ment : or, if it decrcasos, a decrement.—3. I'hc increase 
of any increment, is the second increment; and the in¬ 
crease of the 2d increment, is the 3d increment; and so on. 
—4. Succeeding values, arc the several values of the inte¬ 
gral, succeeding each other in regular order, from the 
present value; and preceding values, are such as arise 
before the present value. All these arc called by the ge¬ 
neral term Factors.—5. A. perfect quantity is such as 
Contains any number of successive values without inter¬ 
mission; and a defective quantity, is that winch wants 

some of the successive values. I hus x x x x is a perfect 

4 J 4 S 

quantity ; and, x x x, an imperfect or defective one. 

9 4 S 

Notation. This, according lo Mr. Emersoi/s method, is 
as follows; 1. Simple integral quantities arc denoted by 
any letters whatever, as z, y, it u, &:c.—2. The several 
values of a simple integral, are denoted by the samp letter 
with small figures under*them: so if z be an integral, 
then z, 2, c, Zt 6cc, arc the present values, and the l$t, 

2<i, dd, UCf successive values of i;; and the^f^cccding 
valuers are denoted by figures with negative signsj* thus 
2 , z, Zf z, are the 1st, 2d, 30, 4th preceding valtlts; and 

• I ..t -j -4 

the figure denoting any value, is the cliaractcristic. 

3. The ineninents arc denoted with the sarpe letters, 
and points under them: thus, f is the increment of x, and 
^ is the increment of s* Also x is the increment of x; and 

I. I 

X of X, &c. 

4. The 2d, 3d, and other increments, are denoted with 
two, three, or more poinu: so x is the 9d increment of z, 
and : is the 3d increment of c, xnd so on. And these arc 
denominated inerpments of such an order, according to 
the number of points. 

5. If X be any increment, then [x] is the integral of 
it; also *[x] denotes the integral of [x], or the 2d in¬ 
tegral of x; and *[x3 is tboSd integral of x, or an in¬ 
tegral of the 3d order, &c. 

6. Quantities written thus, 

X ... X mean the same as x x x x x, or signify that the 

I j 

quantities are continued from the first to the last, without 
break or interruption. 

To find the Increment qf any integral, or variable quantity. 
Rule 1. If the proposed quantity be not fractional, and 
be a perfect integral, consisting of the successive values of 
the variable quantity, which increases uniformly: Multi¬ 
ply the proposed integral by the number of factors, and 
change the lowest factor for an increment. So the ipcrc- 
mout of a — 3r 6* is — 3x 6?; for the increment 
of the constant quantity a is 0 or nothing. So likewise, 
The increment of e x x i x, is 4cjr x x x. 

1.3 ' I « 3 

The increment of ax x x, is So x x x. 

The increment of x .. . x, is (wi 1) «* • • • *• 

— m n i—ID+I n 

Rule 2. In fractional quantities, where the denominator 
is perfect, and (he variable quantity increases uniforroW. 
Multiply the proposed integral by the number of facton, 
and by the constant increment with a n^ative sign, aud 
tal^e the next succee^ding value into the denominator. Thus, 

. . I ® 

The increment of -is 

I T «•••«* 

4 i 
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The increment of - 


l5> - 

X . 
-3 


— 9rx 


Rule 5 - The increment of any powvv^ ns x® is 
{r -h r)*' — x^; ihal the iJiftiTcurc loU\ecn lijc present 
value .T® an<! the next succeeding value (x h- x)". And 
generally^ tlic increment of any quantity whutcvcT^ is 
found by subtracting the present val^ue, or the given quan* 
lily, from its next succeeding value. Also by expanding 
the compound quantity in a series, and subtracting 
from it, the incrcnnmt will be either 






fi.n — 1 




n « — l.a — a 
2. a 


jfl o|. 


— 1 ,V 


w.n— l.n — a T* . 

-* -r 

2 .a a* 


Sa the increment of x\ is (x 4- x)* — =: 

4 . Cx’^x- -H 4xx* 

The Incn^ment of — or x“*, 


(X ^ xy 

=s - 3x-^x 




6x — lOx x’ &C 


Ox 6x' lox’ * 

s ^ ic. 

x^ X 

The increment of <2 being constant, is 

1 ' * X-4-X - 

a* — a* =5 a • — =s a*, (o' — 1). 
The increment of — is -r ^ — 

a* tf* a» 


~ ^ _ « - a- 

■ a'a? “ a»a* + f a* + * 

The increment of xc is x* — x* = 


(•r + x) . (c z) — xz = zx xs X*. 

And’so on for'any form of. integral whatever, subtract¬ 
ing the given quantity from its next succeeding value. So, 
The increment of' the log. of x is log. x — log. x 

= log.x -t- ? — log.xslog.-, which, by the nature 

of logarithms, » f iP" " tP 

SchoU Hence may be deduced the principles and rules 
effluxions; for the method of fluxions is only a particu¬ 
lar case of the method of increments, fluxions being iiili- 
nitelysmallincrements; therefore, if In any form of incre¬ 
ments, the increment be taken infinitely small, the form 
or expression will be changed into a fluxional one. Tims, 
in sf r? which is the increment of the rect¬ 

angle xz, iff and z be changed for* and *, ibeexpression 
will become zx xz -+■ xz for the fluxion of xx, or only 
z* xz, because *» is infinitely less than the rest. 

So likewise, iff be changed for * in this 

„n-. X -H " 

dfc, which is the increment of x", it becomes 

bin-I X ^ -t- -T-r;- 

u 3 • a 

&c, or nx”" * *, for the fluxion of the power x", as all the 
terms after the first will be nothing, because x* and ^ &c 
aft infinitely less than x. And tnus may all the other 
forms of fluxions be derived from the corresponding incre¬ 
ments. And in like manner, the finding of tho integrals, 
is only a more general way of finding fluents, os appears 
in wliat Allows. 

VoT. f. 


To find the IrUct>ral of any g/rm Ineremem. 

Rale \. W hen the variaDc quantity increases uniform¬ 
ly, and the proposed integral ctmsists of the sucr<-«i\o 
values of it mulii|>li<-d togt clu r, or is a perfect increment 
not fractional: Multiply the gi\en incri iiient by the next 
preceding >alue ot the vunublc qu.intity, then <livi(le by 
the new number of factors, and by ilie cot.stunt increment. 

Example. Thus, theintegial oI+c*-jjx iscjxjt. 

The integral of dox x x is or x r. * ^ 

/ -J -» -I 

RuU2* III a fractioiinl uxprc^MOiJ, wlu*rc llic ^a^Jub]^ 
quantity increases uniformly, and iIk* <i<‘n<jmin;it(>r is p* r- 
Icct, containing the successive values of tlic \ariiiblc quurr- 
lily: E.Npungc the greatest value of the variable leiiev, 
then divide by the new number of factors, and by the 
slant increment with a negative sign. So, 

The integral of —^— is ^ , 

X ... X ST .. X 
S 4 

The integral of —is ———. 

^ X.,«.X X....X 

-3 s -3 s* 

Rule 3. \'arious other particular rules are given, but 
these and the two foregoing are all b't st included in thefoU 
lowing general table of the most useful forms of inen^ 
menti and integrals, to be used in the >ame way the si* 
mihir table uf (luNibn^ and fluents, to which these cor¬ 
respond. 

A Table of Increnxxnts and their Integrals^ 



Integrals, when found from given increments, arc cor¬ 
rected in the very same way as fluents, when found from 
given fluxions, viz, instead of cnch several variahJe quan¬ 
tity in the integral, substituting such a determinate \-aluo 
of them as they arc known to have in some particular 
ease; and then subtracting each side of the resulting 
equation from the corresponding side of the integral, the 
remaining equation will be the correct state of the into 
grals* 

For an example of the use of the method of incre¬ 
ments, suppose it were required to find the sum of any 
number of terras of the series 12 2.3-^3.4 ic, 

Let X be the number of the terms, 
and t the sum of them* 

4S 
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[ (Si'J 

rii^n, by the progre5<>iun of (he scries, ibc last, or the x 
term, is xx, and the nc-M term after that u ill be a x, that 


1 

J 


I » 


U X 




XXX = ^ X 


where x — 1. 

: -h I . 


Hence tUe iiuenral is 


X 2, which the sum of x 


= XX, 

I t 
I 

I a 

terms « f the given scries. So if ihe number of terms i be 
}0, this becomes } . 10. 11 . 12 = 440, wiocli is the sum 
of 10 terms of the given scries 1.2-^ 2.3 -»-3.4 ^cc. 
Or, when x ss 100, tbe sum of 100 lenns of the same 
series is -J. jOO. 101. 102 =: 100. 101.34 = o4J400. 
Again, to find the sum z of n terms of the series 
1 I 1 


1. 3.5 .I.S.7 s.7.9 

Here the nth term is 


&c. 


2n 1+ I .In -V 3 
Put X = 2n -- 1 ; then is x = 2n = 2, and the nth term 


IS 


) 


X . X •+“ 2 . X ■+■ I 


= —; and the n 1th term or ? is 


XIX 

I 9 


— I 




the coneral integral of which is * =-= 

«t ® ^ •^tis 4 X a 

I a * 19 I i 

Ilut this vvants a corrcciion; for when n = 0, tlien 
X = 1, and the sum z = 0, and the integral becomes 


1 or O = 


) 


^ I I . 1 

-: that IS — — 

19 


is the correction, 


4.1.3 19 

which being subtracted, the correct state <if tiic integrals 

, wliich 


bucomes z = — — ~ — 

19 4ir 19 


4.9n 4- 1 « 9;i 4* a 


1 9 


IS the sum of n terms of the propt>sed series. Ainl when 
n isinniiitc, the latter fiactioii is nothing, niul ila sum of 
the infinite scries, or the inrniiic number of (he lerm», is 

accurately 

When n s= 100, the sum of 100 terms of the series he* 

Comes z ^ “ ..'ioi .aoa Ta ~ lessii* 

For more ample information and application on this 
science, SCO Emerson's Increments, Taylor’s Methodus In* 
crementorum, and Stirling’s Summatio ct Intcrpolutio 
Sericrum. 

INCURVATIONiirfAc Raysof Ugh:. See LIoiit, hnd 
Refraction. 

INDEFINITE, Indeterminate, that which has no cer¬ 
tain bounds, or to which the human mind cannot aflix 
.Tny. Descartes uses the word, in his Philosophy, instead 
ofinBnitc, both in numbers and quantities, to signify an 
inconceivable number, or number so great, timt an unit 
cannot be added to it; and a i)UHntjty so great, as not to 
bo capable of any addition. Thus, he says, the stars, visi* 
blcand invisible, arc in number indefinite, and not, as the 
nncicnt»hcld.infinilc; and that quantity may be divided 
into an indefinite number of parts, not an infinite num¬ 
ber.—Indefinite is now commonly used for indeterminate, 
number or quantity, that is, a number or quantity in ge¬ 
neral, jn contradistinction from some particular known and 
given one. 

lNDETEIlMINED,orlNDBTERMiNATB,inGeometry, 
is understood of a quantity, which lias no certain or de¬ 
finite bounds. 

IndetRhminate Analtftit, that particular branch of 
analysis which treats of the solution of indeterrainato 
problems. 

IxnKiT.uMiNAi R Prnhfem, is that which admits ofin- 
niiineralile diflVn'ni solucion^, ami sometimes perhaps only 


of a grvat many different answers; otherwise called an 
unlimited problem. In problems of (his kind the number 
of unknown quantities concerned, is greater than the num¬ 
ber of (he conditions or equations by which they arc to 
be found; from which it happens, that gmemlly some 
other Conditions or quanlilii-s are assumed, to supply (hr 
defect, which being taken at pleasure, give' (he same 
number of answers as vurictits in lliosc assumptions. As, 
if it were required to find two square numbers whose dif* 
ference shall be a given quantity d. I tere, if r* and de¬ 
note the two squares, then will x* — y* s d, by (lie qut«- 
tion, which is only one t quation, for finding two quanti¬ 
ties. Now byassuming a lUir<lquan(iiy2,so tbat:=x-i-^ 

the sum of the two roots; then is x aa * andy s 

~ <1 • . * 

- y winch ^ro the two roots, having the dilfcrencc of 

their squares cquiil to the given quantity d, and arc ex¬ 
pressed by means of an assumed quantity 2 ; so that there 
will be as many unswei-s to the question, as there can bo 
taken values of the indeterminate quantity a, that is, innu¬ 
merable. 

Again, If it were required to divide 25 into two such 
parts, that one of them may be divisible by 2, and the 
other by 3. Then, putting one of the parts sought =: 2x, 
and the other = Sy, we sliall have 2x -4- 3y s: 25; one 
equation us before with two unknown quantities. Uy ri" 

duction, X = ; from which we may conclude m 

the first place, that 3y must be less than 25; and conso* 

(juentlyy is less than 8. By division,x^ “-y ~ 

from which it is evident that 1 — y, or rathery — 1, must 
be divisible by 2. Let us therefore assume u third quan¬ 
tity X, such thaty — 1 = ?z; 'and we get y ss 22 1; so 

that x=12 — 22— 1 --2=sll-3r. Now since y 
cannot be greater than 8, we must not subsiiiuie any num¬ 
bers for 2 which would make 2: -1- i greater than 8. Con¬ 
sequently 2 must be less than 4; thnt is to say, z cannot be 
taken greater than d ; for which reasons, are obtained tbe 
following answers: 

1 If e = 0; theny = 1, ant! x = 11. 

2 If e = 1; theny ^ 3, and x = 6. 

3 If 2 = 2; theny = 5,- and x =: 5. 

4 If 2 = 3: then y = 7, and * = 2. 

lienee, and from the equation it appears, that the two 
parts sought arc i. 22 3, ii. I6 h- 9i ***• "♦* 

IV. 4- + 21, the several sums of which arc evidently the 
number given 25. 

Diophantus was the first writer on Indelerrainale pro¬ 
blems, vit, in his Aritlirortie or Algebra, which was first 
published in 1575 by Xllunder.and afterwards in 1621 by 
Qachet, whh a large commentary, and many additions to 
iu His book is wholly upon this subject; whence it has 
happened, that such fciiid of questions have been cmled 
by the name of Diophantine problems. Jermat, Des¬ 
cartes, Frenicle in France, and Wallis and others in Eng¬ 
land, particularly cultivated this branch of algebra, on 
which they held u correspondence, proposing diflBcult 
qui-stions to each other; on instance of which are those 
iwo curious oiira, proposed by M. Fermat, as a challenge 
to all the raatljemaiicians of Europe, vi*, Ist, To find a 
cube number which added to all its aliquot parts shaU 
make a square number ; and 2di To iind a square num¬ 
ber which added to a 1 its aliquot parts aljpU^makc 



i N i> 


I N D 


[ Ois ] 

I 


>i cubic number; which probli mi were answered after 
^ereral ways by Dr. Wallis, ns well as some others 
of a different nature. See the letters that passed bc« 
tween Dr. Wallis, the lord Rrouhkor, Sir Kenciro Digby, 
&c, in the doctor’s Works; and the Works of Fermat, 
which were coUecIcd and published by his son. Most 
authors on aljjebra have uNo treated m(jrc or lcs> on this 
part of it, but more especially Kersey, Pres let, O^anam, 
Kirk by, &c. But afterwards, mathematicians seemed to 
have forgotten such qucstiofjs, if they^lid not even despise* 
them as useless, when Dulor drew their attention by some 
excellent compositions, demonstrating some general thco^ 
rcm«, which had only been known hy imiuefion. M« La¬ 
grange has also luken up the subject, having rcsolsed very 
difTicult problems in a general way, and <liscovered more 
direct methods than heretofore. 1‘hc'2d volume of the 
French translation of Euler’s Algebra contains an cle- 
mentary tri*ati«e on tliis branch of analysis, and, with La¬ 
grange's ad<litions, an excellent theory of it; treating very 
gencnilly of indeterminate problems, o( the first and second 
di'gree, of solutions in whole numbers, of the method of in¬ 
determinate cocflicients, Also, much in the same way 
wore such indeterminate problems treated by the Indian 
algebraists; as may be seen by the account of their al¬ 
gebra given in my Tracts, voL 3, pa. 15l,&c. 

Finally, Mr. John Leslie has given, in the 2d volume 
of the Edinburgh Philos. Transactions, an ingenious paper 
on the resolution of indeterminate problems, resolving 
them by a new and general principle. “ The doctrine of 
indeterminate cqualiuns,’' says Mr. Leslie, has been sel¬ 
dom treated in a form equally systematic with the other 
parts of algebra. The solutions commonly given arc devoid 
of uniformity, and often require a variety of assumptions. 
The object of ill is paper is to resolve the complicated expres¬ 
sions which we obtain in the solution of indeterminate 
problems, into simple equations, and to do so, without 
framing a number of assumptions, by help of a single prin¬ 
ciple, which, though c.xtremcly simple, admits of a very 
extensive application/' 

Let A X D be any compound quantity equal to an¬ 
other, c K D, and let m be any rational number assumed 
at pleasure; It is manifest that, taking equimultiples, 
AxmDsCxmn. If therefore we suppose that 

A s= mo, it must follow that mB = c, or B = Thus 

two equations of a lower dimension are obtained. If these 
be capable of farther decomposition, we may assume tim 
multiples rt and p, and form* four equations still more sim¬ 
ple. By the repealed application of this principle, a higher 
equation, admitting of divisors, will be resolved into those 
of the first order, the number of which will be one greater 
than that of the multiples assumed. 

For example, in the problem, to find two rational num¬ 
bers, the difference of the squares of which shall be a given 
number. Let the given number be the product of a«nd 
b; tbeg by the hypothesis, — y* = ofc ; but these com¬ 
pound quantities admit of an easy resolution, for (r ^ y) 

X (x -- y) s a X 6. therefore we suppose t% y = ma, 

we shall obtain x — y = —; where m is arbitrary, and 

if rational, x and y must also be rational. Hence the re¬ 
solution of these two equations ^ves the values of x and y, 



IN DLX, in Aridimctic, is the same >?ith what is other¬ 
wise called (he* characteristic or the exponent of a loga¬ 
rithm ; being that which show sof how many places thcabso- 
luie or natural number beionging to the logarithm consists, 
and of whal nature it is^ whether an integer or a fraction ; 
the index being less by I than the number of iiiK*ger 
figures in the natural number, is positive for integer 
or whole numbers^ but negative in fractions, or in the de¬ 
nominator of u fraction; and in decimaU, the negative in- 
dex is 1 more tbaa the number of ciphers in the decimal, 
afi<T the point, and before the first significant figure; or, 
still more generally, the index sho.vs Low* far the fint 
figure of the natural number is distant from the place of 
etiiis, cithtT towards the left hand, as in whole numbers, or 
towards the right, as in decimals; these opposite can-v 
being marked by the correspondent signs and —, of 
opposite affections, the sign ^ being set over the index, 
and not before it, because it is this index only which is un- 
ilcrstood ns negative, and not the decimal part of the lo¬ 
garithm. Thus, in this logarithm 2*4^3405^, the figure's 
of whose natural number are 2631, the 2 is the index, and 


S-42S4097 

2*4234097 

1-4234097 

0-4234097 

1- 423409r 

2- 4234097 
3*4234097 


being positive, it shows that the first figure of the number 
must be two places removed from the units place, or that 
tlierc will be throe places of integen, the number of these 
places bving always 1 more than the index; so that the na¬ 
tural number will be 265*1. But if the same index be 
nesative, thus 2*4234097, it shows that the natural num¬ 
ber is a decimal, and that the 
first sisriificont figure of it is Number, 
in the 2d place from units, or 2651 - • 

that there one cipher at the 265*1 - - 

beginning of the decimal, being 26-51 - - 

1 less than the negative index; 2*651 - - 

and consequently that the na- *1255} . .. 

lural number of the logarithm 
in this ease is *02651. Hence, ’02 d 5 1 • 
by varying tht natural num- -002651 
ber, with respect to the decimal 
places ill it, ns in the former of the two columns here an¬ 
nexed, the index of their logarithm will vary as in the id 
criinmn. 

Mr. Tow nley introduced a peculiar way of noting thm 
indices, when they become negative, or express decimal 
fij^urcs, which is now much in use, especially in the log. 
sines and tangents, &c, viz, by taking, instead of the true 
index, its arithmetical complement to 10; so that, in this 

way, the logarithm 2*4234097 « written 8-4234097. For 
the addition and subtraction of indices, sec Logahitiim. 

1V ucx (if a (wlobc, is a little stile fitted on to the north- 
pole, and turning round with it, pointing out the divisions 
of the hour-circle. 

Index qf<i Sh^n/tVy, in Arithmetic and Algebra,other¬ 
wise called the exponent, is the number that shows to 
what power it is understood to be raised; as in 10^,oro% 
the figures is the index or exponent of the power, simify- 
ing that the root or quantity, 10 or a, is raised to the 3d 
power. See this fully treated under Expokbnt. 

IN DICTION, or/tomort Indictiok, a kind of epoch, 
nr manner of counting time, among the Romans; contoin- 
ing a cycle or revolution of 15 years. The popes have 
dated their acts by the year of the indiction, which was 
fixed to the Isi of January anno doroini 813, ever since 
Charlemagne made them sovereign; before that time, they 
dated them by the years of the cnipcrors.-^At the time of 

4 S 2 



1 N D 


I N F 


C OM ] 


n formiiii! the* calcn<iaT* the year 1582 was reckoned ihc 
lOlh yvsw oi the ijulirhuri; so that begiiuniig to reckon 
from lu'iirc, and <ll\idini; ihc ntimbcr oi years elapsed bc- 
iwroii ilijit lime and ilus, by 15, the rcniaindcT, with the 
iuldilion ot lo, reji Cling 15 if the sum be more, will be 
ihe year ol the iiHhctron. 

Hut the indiction will bo easier found thus: Add 3 to 
the given year of Christ; divirlc the sum by 15, and the 
rrrnaindor aflor the <!ivi>ion, will be tlie ye.ir of the indie* 
tion : if tliere be no remainder, the indiction is 15» In 
citlicr ol those ways, tlie indiction foc,tlie year 179^ is 13. 

INJ-)IV'lsniLI‘,S, are those indetinitely small elcinenb, 
or principles, inlo which any body or figure mny ulti- 
niaioly ho divideil, —A line is said to consist of points, a 
surface ol parallel lines, and a solid of parallel surfaces: 
Aiid because each of these elcmenls is supposed indivisible, 
if in any ligureuline be drawn perpendicularly through all 
the eleinenis, the number of points in that line, will be the 
same as the numlier of the cdenients. 

Whence it appears, I hat a parallelogram, or a prism, or 
a cylinder, is resolvable into elements, ns indi isibicsinll 
equal to eacti otlier, parallel, an<l like or siinijur to the 
base; fof which reason, (me of these cdeincnts multiplied 
by the number of tlu'in, that is the base of the figure mul* 
tiplied by its height, gives the area or content. And a 
triangle is resolvable into lines parallel to the base, but 
decreasing in arilhmeticol progression; so also do the 
circles, which constitute the parabolic conoid, as welt as 
those vvhich constitute the plane of a circle, or the surface 
of a cone. In all which cases, as the last or least term of 
the arithmetic progression is 0, and the length of the figure 
the same thing as the number of the terms, therefore the 
greatest term, or base, being multiplied by the length of the 
figure, lialf the product is the sum of the whole, or the con* 
tent of the figure. 

And in any other figure or solid, if the law of the de¬ 
crease of the elements be know n, and ihcnccdhe relation of 
(he sum to ihe greatest term, which is the base, the whole 
number of them being the altitude 4>f the figure, then the 
said sum of the elements is always the content. A cy* 
linder may also be resolved inin cylindrical curve surfaces, 
having all the same height, and continually decreasing 
inwards, as the circles of the base decrease, on which they 
insisu 

This way of considering magnitudes, is called the method 
of indivisibles, which is only the ancient method of ex¬ 
haustions, a little disguised and contracted. And it is 
found of good use, both in con)puting (he contents of 
figures in a very short and easy way, as above instanced, 
and in shortening other demonstrations in mathematics; 
an instance of which may here be given in that celebrated 
proposition of Archimedes, that a sphere is two-thirds of 
its circumscribed cylinder. TIuis, suppose a cylinder, a 
bemispbere, and an inverted cone, having all the same 
base anti altitude, and cut by an infinite number of planes 
all parallel to tlic base, of which efo n is one ; it is evi¬ 
dent that the square of ei, ihc radius of the cylinder, is 
every where equal to the squart* of 
9p, the radius of the sphere; and 
also that the s(|uarc of Ei, or of Kp, 
is equal lo the sum of the squares 
of IV and IS, or of IH and IK, be¬ 
cause IK sis; that is, i£^ s? h- 
ill every position; but Jn is the 
radius of the cylinder, I f the corre* 


spending radius of the sphere, and ik that of the cone; and 
the circular sections of these bodies, are as the squares of 
their radii; therefore the section of the cylinder is every 
where equal to the sum of the sections ol the bcmi^pherc 
and cone; and, as the numUr of all those sections, which 
IS the common height of the figures, is the same, therefore 
all the sections, or cleou nts, of the cylinder, will be equal 
to the sum ol all those of the hemisphere and cone taken 
together; that b, the cylinder is equal (o both Uic hemi¬ 
sphere and cone: but as the cone itself u equal to oiie-lhiril 
part of the cyliiid< r; therefore the hcniisphcrc is equal lo 
the other two-thirds of it. 

The method of indi visibles was introduced by Caralcriut 
in 1635, in his Gromutria Indisisibiliuiiu The same was 
also pursued by Tonicclli in liis Works, printed 1^44: and 
again by Cavalcrifll himself in another treatise, published 
ill J 647. 

INEQUALITY Optic. See Optic Intqualtiy. 

INLRI lAq/^A/er/cr, in Philosophy, is defined by New¬ 
ton to he a power implanted in all matter, by wlncb it re¬ 
sists any change endeavoured to be made in its actual 
state; that is, by which it becomes difiicult to uher its 
stale, cither <if rest or motion. This power then, agrees 
with the vis rosistendi, or power of resisting, by which 
e^ery body endeavours, as much as it can, to persevere in 
its own state, wliclhcr of rest or uniform rectilinc*ar mo¬ 
tion ; which puweris still proportional to the body, or to the 
quantity of matter in it, the same as the weight, or gra¬ 
vity of the body; and yet it is quite different from, and 
even iudependent of the force of gravity, and would be 
and act just the same if the body were devoid ofgravity. 
Thus, a body by ibis force resists the same in all dircc- ' 
lions, upwards, or downwards, or obliquely; whereas 
gravity acts only downwards. 

Bodies only exert ibis power in changes brought in their 
state by some vis impressa, or force impressed on them* 
And the exercise of this power is, in different respects, 
both resislunco and impetus ; resistance, so fur as the body 
opposes a force impn^ssed on it to change its stale; and 
impetus, as the same body endeavours to change the stale 
of the resisting obstacle. Phil. Nat. Princ. Math. lib. 1. 

/ncriia, the same great author vlscwbere observes, is a 
passive principle, by which bodies persist in their motion 
or rest, and receive motion, in proportion to the force 
impressing it, and resist as much as they arc resisted. See 
Resistavcb. 

1N IMTIJE Vit. See Vis Inmiit. 

lNElNrrK,*is applied to quontilies which arc either 
greater or loss than any assignable ones. In which sdiisc 
it differs but little fM»m the terms Indefinite and Indeter* 
minute. 'J'hus, an 

1N FI siT^, or Infinitely great line, denotes only an inde¬ 
finite or indeterminate line; or a line to which no certain 
bounds or liinits arc prescribed. 

1^* FINITE Hucntitics. Though the idea of magnitude 
inlinittdy great, or such as exceeds any assignabli quan¬ 
tity, does include a negation of limits, yet such inagni- 
tndes are not all equal among thctpselves ; but besides in¬ 
finite length, and infinite area, there arc do less than thrc^c 
several sorts of infinite solidity; all uf which arc quantitus 
Fui generit; and those of each ^pecics arc in given propor- 
tions.^Infinite length, or n line infinitely long, may be 
considered, either as beginning at a point, and so Infinitely 
extended one way: or else both ways from the same point. 
—As to infinite surface or area, any right tine infinitely 
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cxtomled both ways on a plane infinitely extended every 
way, divides that plane into two equal parts, one on each 
side of the line. But if from any point in such a plane, 
two right lines be infinitely extcucic<l, making an angle 
between tliem; the infinite area, intercepted between these 
infinite rigid lines, is to the whole infinite plane, as that 
angle is to 4 right angles. And if two infmitcand parallel 
lines be drawn at a given elistaiicc on such an infinite 
plane, the area intercepted between them will be likewise 
infinite; but yet it will be infinitely less than the whole 
plane; and even itifinitely less than the angular or sec¬ 
toral space, intercepted between two infinite lines, that 
arc inclined, thuuglt at never so small an angle ; because 
in the one case, the given finite distance of tlic parallel 
liiK-s diininishcs the infinity in one of the dinu-nsions ; 
whcn--as in a sector, there is infinity in both dimensions. 
And thus there arc two •ipcciesof infinity in surtuecs, the 
one infinitely greator than the other. 

In like manner there are species of infinites in solids, 
according as only one, or two, or as all their three dimen¬ 
sions, are infinite ; which, though they be all infinitely 
greater ihan H finite solid, yet are they in succession in- 
fioiteiy greater than each other.—Some farther properties 
of iofinite quantities are as follow : the ratio between a fi¬ 
nite and infinite quantity, is an infinite ratio.—If a finite 
quantity be multiplied by an infinitely small one, the pro¬ 
duct will be an infinitely small one; but if the fiirmer be 
divided by the latter, the quotient will be infinitely great. 
—On the contrary, a finite quantity being multiplied by 
an infinitely great one, the product is infinitely great; but 
the former divided by the latter, the quotient will be in¬ 
finitely little.—The product or quotient of an intinitely 
gre-at oran infinitely sinoll quantity, by a finite one, is 
respectively infiniudy great, or infinttely Utile.—An mfi- 
nitriy grc^l multiplied by an infinite y little, is a finite 
quantity ; but the former divided by the latter, ibe quo- 
tientisinfinitcly infinite.—The mean pro^poriional between 
infinitely great, and infiniicl; little, is finite. 

Arithmetic of iNVintri-s. See AuiTiiMRTic. J 
Wallis's treatise on this subject; and anolbor by Liner 
at the beginning of his Conic Sections; also Bul.iald s t 

tibc Arilljinciica Infinitorum* 

INFIKITE Decimale, such as do not terminwe, but go. 

on without end; as *033&c = ^, or *142857 itc =-f. 

S)CC IUpet^nu. 

Ufinitei y Fractions^ or all ilie powers of ihc 

fractions whose numerator is 1; winch are «iUthcr 
equal to unity, as is demonstrated by Dr.Wood, in liook s 
Philos. Coll.’No 3, pa. 45; where some curious proper¬ 
ties arc deduced from the same. 

iNFlNiTE Serieit, a senes considered as iftfinitely conti¬ 
nued us to the number of its terms. JwSkries. 

INFINITESIMALS, are certain infinitely or indefi¬ 
nitely small parts; as also the mctliod of computing by 
thetn —In the method of Infinitesimals, the element by 
which any quantity increases or decreases, is supposed to 
be infinitely small, nnd is generally expressed by two or 
more terms, some of whichfirc infinitely less than the rest, 
which being neglected as of no importance, the rcromn- 
itio u rms form what is called the Difference of the pro¬ 
pp'd quantity. The terras that are neglected in this 
manner^ os infinitely less than the other tt-rms of the ele¬ 
ment, are the very same ybich arise in consequence of the 
acceleration, or retardation, of the generating motion, 
during the infinitely small time in which the element is 


Also 
taersoTii 
rea- 


generated; so tliai the remaining terms express the clc- 
iniMit that would iiave bixn pn>duccd ui that tiini, it tlje 
generating motion had continued uniform. 
those diJliTcnces are uccur»ticlv in the same ratio to each 
other, as the generating nicait*ns nr lIuNion^. Aiui hcricc, 
though in this incihod, inlmite^injHl parts of iIk* elvmrnls 
are neglected, the conclusifMis are accurate!) true with* 
out e\eii an iniinitcly small ertor, and agree precisely w itb 
those that are deduced by tlu* metln^d of lluxinns. 

UuC however safe and convenient this method may be, 
some \m\1 aln ays scruple to admit luhniuly little quanti* 
ties, and iiiiiuitc orders aud infinUesiiuaK, a science 
that boasts of the most evident nnd accurate pnuciph^, as 
wvli as of the most rigid demonstrations. In <'rder U) avoid 
such suppositions, NevMon considers the siinultaneuu'v in* 
crements of the lluwing quantities us finite, and then ioM s* 
ligates the ratio wiiich is the limit of the vntious propor* 
lions which those increments bear to each other, Hliile he 
supposes them to decrease together till they vanish; \>hich 
ratio IS the same with the ratio of tlio fluxions. See Mac- 
laurin's Fluxions, in llie Inirraiuc. pu« bif &c, also art. 
495 to 5(>2. 

IN FLAMMABILITY,that property of bodies by which 
they kindle, or catch lire. 

INIT.EC'FION, in Optics, called also DiflVaciion, and 
Deflection of the rays oflighr, is a property of iheiu, by 
reason of which, wncii they come within a certain dis¬ 
tance of any body, they arc either bent from the body, or 
towards it; being a kind of imperfect reflection or ndme- 
tion. Some writers ascribe the lir^t discovery of this pro¬ 
perty to Grimaldi, who published an account of it, in his 
treatise De Luminc, Culoribus, ct Iride, printed in l66(>« 
But Dr. llooke also claims the discovery of it, and com¬ 
municated his obscrvati<n)S on (his subject (u the Royal 
Society, in l672. He shows that fins property diflers 
both from reflection and refruciion; and that it seems to 
depend on the unequal density of the convtiluent parts of 
the niy, by which the light is dispersed from the place of 
cond^satioti, and rarefied or gmduuMy diverged into a 
quadrant; and this deflection, ho observes, is made lo- 
wardj) the superficies of tlic opaque body peipcndicularly. 
Newton discoverctl, by experiments, this inflection of the 
ra)s of light; wliich may bi' seen in his Optics* 

M. Luliire observed, tlmt when \vc look at u'caiidle, or 
any luminous hotly, with uureyt^s nearly shut, rays of light 
are extended from it, in several directions, to u consider¬ 
able distance,'like the tails of comets. The true cause of 
^tliis phenomenon, which has exertiie<l the sagacity of 
Descartes, Uuhauh, and others, seems,to be, that the 
light passing among tbe eyelashes, in this situation of the 
eyc% is*iiiflectid by its near tipproacli to thetn, and there¬ 
fore enters the eye in a great variety of directions. He 
also observes, that ho found that the beams of the stars 
being observed, in a deep valley, to pass near the brow 
of a hill, are always more refracted than if there were no 
such hill, or the observation was made on the lop of it; 
as if the rays of light were bent down into a curve, by 
passing near the surface of the mountain* 

Point of Inflection, or of contrary yfexwre, in 4 curve, 
is the point or place in the curve where it begins to bend 
or turn a cotitrary way j or which separates the concave 
part from the convex part, and lying between the two 5 or 
wber 6 the curve .changes from concave to convex, or from 
convex to concave, on the same side of the curve; such 
as the point e in the annexed figures; where the former of 
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the two is concave towards the axis ad from a to c. an«l 
convex from K to f; but, on the coiiirarv. the latter fi¬ 
gure is convex from a to E, and concave from e to r. 


I N S 


Hence also, from the original equation. 



K/ 


ax- 

- ~ ^ the ordinate to the point of in¬ 

flection sought. 

When the curve has but one point of inflection, it will 
be determined by a simple equation, as above; but when 
there are several points of inflection, by the curve bending 
several times from the one side to the other, the resulting 
equation will be of a degree corresponding to them, aUd 
Its roots will determine the abscisses or ordinates to the 
Slime. Other methods of determining thepoinu ofinflec- 

I'^u. ■" on the doctrine 


There ore various ways of flnding the point of inflexion; tion in curves, may be s^n^inmUst books 
but the following, which is new, seems to he the Hm,,lest oflliixions. ^ ® -n most books on the doctrine 

and cosiest of all. iTom the nature of curvature il is To know whether a ciir\*e be mnrna/A 

.evident that, while a curve is concave towards an a.xis, 'vanis any point assigned in the axis; find thc'^raluTof’* 


^evident that, while a curve is concave towanls an axis, 'vanU any point assigned in ibe axis* find JP! 

the fluxion of the ordinate decreases, or is in a decreasing i*t that point; then if this vLe be' positiv^ hl“curvi 
ratio, with regard to the fluxion of the absciss; but. on will be convex towards the axis but f ! L.’ • 

the contrary, that the said fluxion iricrcascs, or is in an '' Ml be concave. ^ Jt 

increasing ratio to the fluxion of the absciss where the * NFORMED 5rori, or Ikpormva WA. ... v ^ 

curve is convex towards the axis; hence it follows that n» have not been reduced .niranrconsSi; ^o '\?^ 

those two fluxions arc in a constant ratio at the point of wise called Sporadcs_A great manv of rlf/. ?-!.a 

inflection, where thc curvois neither concave nor convex, left by the ancient astronomers; but^Hevelius and MmT 
That IS, if x_ AD tlic absciss, and jir = df. the ordinate, others of the moderns have provided for the greater part 

then X is toji in a constant ratio, or? or is a constant ‘if new constcllafions. And I think that 

quantity. But constant qtjaatilics' have" no fluxion, or sHlaTioU 

their fluxion is equal tonotbing; so that in this casethc INGINEKfl. See EfroiUEFR. *•«”• 

fluxion of or of I is equal to nothing. And hence ivc , JNORESS, in Astronomy, the suns entrance into one 

have this general rule: viz, jNNSS^’r^ , e 

Put the given equation of the curve into_fluxions ; from of Decem^L coZemo'^\^on ofT. 


VU4L 

which equation of the fluxions find t or then take the murdered by Herod. 

fli.vion »!,;« r.is.% CiM...:.., ___ INORDINATE'/ 


INGRESS, in Astronomy, the suns entrance into one 
of the signs, especially Ariosv 

INNOCENTS Day, a feast celebrated on the 28ih day 
of Deccml«r, m commemoration of the infants said to be 


fluxion of this ratio or fraction, and put it equal to 0 or termsPomnfl^i^^ j"’ 

nothing; and from this last equation find also the value pie in nf As.forcsam- 

.. if, , . . P“^* of "timbers, three in each rank, vit in 

of the same j or <; then put this latter value equal to the one rank, - - , . 2 3 *' q 

former, which will be an equation from whence, and the i l / ‘ ®' 3 (i! 

first given equation of the curve, x and y will be deter- pi^ortional, the former to the latter, but in 

mined, being the absciss or ordinate answering to the point order, vie, - . 2:3;: 24; 35, 

of inflection in the curve, , ^ • 9:: 8 : 


Or, putting the fluxion of * equal to 0, that is, 

— 0, or ^ — jy = 0, or x> = iy, or x;^;:x:y, 

that is, the 2d fluxions have the same ratio as the 1st flux¬ 
ions, which is a constant ratio; and therefore if r be 
constant, or x = 0, then shall y be = 0 also ; which gives 
another rule, vie; Take both the 1st and 2d fluxions of 
the given equation of the curve, in which make both x and 
y — 0, and the resulting equations will determine the va¬ 
lues ofx andy, or absciss and ordinate to the point of in¬ 
flection. ' 

For example, if it be required to find the point of inflec¬ 
tion in the curve whose equation is qj“ = aV x\. 
Now the fluxion of this is 2nTx s= ay -t- 2xyi h- xy, 

aa«atA« _ nai .« ^ ... 


and - - ^ • 9 *; 8 : 24 

then, casting out the mean terms in each rank, it is con¬ 
cluded that - . - 2 J 9:2 8 • SO' 

that is, the first is to the 3d in the first rank, ' ’ 

ns the first is to the ?J in the 2d rank. 

INSCRIBED Figure, is one that has all its uncnlar 
points touching the sides of another figure in which the 
former is 5aid to be inscribed* ^ 

iNacRtBBD Hyperbola, is one ihnt lies wholly within 
the angle of its asymptotes; as the common or conical 
hyperbola doth. 

INSTANl', otherwise called a moment, no infinitely 
small pan of duration, or in which we perceive no suc- 
ceAtoii, or which takes up the lime of only one idea in our 
mind. It is a maxim in mechanics, that no natural effect 
can be produced in an instant, or without some definite 
Umc; also that the greater the time, the greater the effect. 


which gives Z a Then the fl.ivinn of fUU A X V ‘he effect. 

1 n Anjl hence may appear-the reason, why a burthen seems 

made 0,givc82x» (ax - = («« ^ ,»). lighter to a penon,' the faster he carries it; and why, tht 

ftlASA rvtBA* ^ ^ ^ f _ lAStCl* A DCfSOll <lrAfA€ fKji if.a a 


and this gives again * = x * L 

X ® y 

value of j put =: the former, gives 

«*+** * _a*+a^ 1 

«* - X* * «- y-S— • hone 

«• - r\ or 3r- =, a*, and x = a^|, the absciss. 


LAstlys this 


fix\d hence Cx’s 


faster A person slides or skates on the ice, the less liable 
Jt is to break, nr bend* 

INSTITUTE is a name which has lately been substi¬ 
tuted for academy or school. When royalty was lately 
abolished in France, (he several royal academics were 
abolished, and were al| condensed into one general aca¬ 
demy, under the name of the 
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Salional Isstitute, or A>-- Acndep'y of Atts and 
Sciences. 'This academy was founded im a decree ot iKe 
new ^ovcrnincnt conititution in ihe \ear 179-^- cy‘i- 
sistb of 26S members, lialf of whom reside in Paris, llic 
other half in the dejiartments; and to them arc added 24 
foroigiuTF, as honorary members. The academy is <li- 
vided into 3 classes, cu'cIj class into sections, each section 
containing 12 members 

Isl dost. Mathematics and natural philosophy. Hits 
class is divided into 10 sections. 1. Mathematics. 2. Me¬ 
chanical arts. 3. Astronomy. 4. rinuntul philosophy. 

5. Chemistry. 6. Natural history. 7. Botany. S. Ana¬ 
tomy and animal history. 9- Medicine and surgery. 
10. Animal ccou(hu) , and the vcteriimry science. 

2d C/rtiJ. Morality and politics. This class consists of 
6 sections. 1. Analysis of sensations and ideas. 2. Mo¬ 
rals. 3. Legislature. 4. Political'cconomy. 5. History. 

6. Geography. 

.3d eVttsi. Literature and the fine arts, consisting of S 
sections. 1. Universal granunar. 2. Ancient languages. 
3. Poetry. 4. Antiquities. 5. Painting. C. Sculpture. 

7. Architecture. 8. Music. 

Tor each class a particular room in the Louvre is ap¬ 
propriated. No person can be a member of two classes 
at the same time: but a member of one class may be 
present at the meetings of any other. Each class prints, 
ycarlv, an account of its transactions. 

Fo'urtimcsa-ycarpublic meetings archeld,when the tliree 
classes meet logetlier. At the end of each year, they 
give a circumstantial account to the legislative body, ol 
the progress made iu that year in the arts and sciences. 
The nrizes •'i^eii annually by each class, arc published at 
certain times. Tire sums requisite for the support of tlie 
inslilutioii, arc decreed yearly by the legislative body, on 
a requisition made by the executive directory. 

'riic first 48 ineiubers were chosen by llic c;cccutivo 
directory, to whom the choice of the remaining members 
was confided. To the members resident in Pans is re¬ 
served the choice, both of the department and loreign 
members. On a vacancy in any class, three candidates arc 
named by the class, for the choice of the body at large. 
Each class is to have, at its place of meeting, h collection 
of the products, both of nature and art, and a library-, ac¬ 
cording to its particular wonts. 1 he regulations of the 
institution, with n-spcct to the tim« of i.K>ctiiig. and its 
employinents, arc to be drawn up by the body at large, 
and laid before the legislative assembly. 

INbUL^TK, or Insulated, a term applied too co¬ 
lumn or other edifice, wliich stands Hluiie. ui free and de- 
lachccl from any adjacent wall, &c, like nn island iii the 


Insulated, in Llecirlcity. is a term .-ipplied to bodies 
that ore supported by electrics, or ii.m-conductors; so 
that their communication willi the earth, by conducting 

lubslancp*. is intcrmiiled. - 

INSUKANCE, the same as Assurance ; which sec, 

INTACl'iE, are right lim-s to winch curves do conti¬ 
nually approach, and yet can never meet them, more 
usuallv called Asymptotes. 

INTFGEUS, arc whole numbers, as contra-disiin- 
guisbed from fractions. Integers may be constdered as 
lumbers which refer to unity, as a whole to a part. 

INTEGRAL Suinbert an integer; not a fraction. 

iNTEOBALCVi/cu/w.in (he New Analyys, is the reverse 
of the diflerenlial calculus, and is the linding the integral 


from a gwcu differcniial; being similar to the inverse mc- 
ihod of fluxions, or ihe finding ibc fluciU loa piven fluxion, 

' Thv ruU'^ for ilu* iiiu gralion oJ diftt mitiaU. likeiliosc for 
ihv exirsiclion of ^out^, are established insjKctioii ot the 
direct process by vUucIi, from given tunction^, difliTviitiaU 
arc diTivcd : thus, the cliffneimal of x“ or is 

tUorvfuri', from ihc'inlegrul may be 

found Irom this process: incrousc the index m— I, or 
j>owcr of tlie v.uiubic quanuty, by unity or and divide 
by the indvx so incnuseil^ and by the differcniiul of the 

variable <jUumily,for (lie inlcgnil required. I> t d* , be 
(he si<Mi of the opcniliori by which* the integral is obtain* 
C(l, or the reverse of that operation which d indicates ; 
then ^ X®; or, tr’d(i®) = i®. Also, 

m ^ 1 m + n 

(T* (x •ds) = i!l-- or Again the integrals 

— + I »rt + » 

of a*dx, c*dj; arc and arc obtained on the very 

same grounds of inspection as the above. 

Ti<e diflerentiuls ofa -h 6x, a d -*• Ac, or 

d{it -K tx), d(d -h tx), d(d ij), &c, arc dhi^dU, dbr, 

bcQo Hence inversely, the integrals arc d (d6x), d (d6x) 
d*'(dij) &c: where it is to be noted, that the constant 
quanlilies a, 5, u\ &c, are the corrections of the intc- 
g/uU.; and are determined in the same manner as those in 
the inverse method of fluxions, from the particular nature 
ofllic problem under discussion. 

It nmy be heie observed, that as in the analysis of 
finite's, any quantity may be raised to any degree or power > 
but vice versa, the root cannot be extmeted out of any 
number required : so in llie analysis of infinites, any va¬ 
riable or flowing quantity may be diflercncctl, but vice 
versa, any differential cannot be iulcgraicd. And as, in 
the analysis of fiiiiies, we are not yet arrived at a method 
of extracting the roots of all equations, so neither has the 
integral calculus arrived at its perfection : and as in the 
former we arc obliged to have recourse to approxiiualion, 
so in the latter we have recourse to infinite scries, where 
we cannot attain to a perfect integration. For the several 
authors on this calculus, sec Fluxions. 

INTFGUANt Para, in Philosophy, are the similar 
parts of ft body, or parts of the same nature with the 
whole; as filings of iron are the integrant parts of iron, 
having the same nature and properties with the bar or 
mass they were filed t»ff from. 

INTENSITY, or lKTBKSioK,in Physics, is the degree 
or rate of the power or energ)* of any quality; os heat, 
cold, &c. The intensity of qualities, us gravity, light, 
heat, Ac, vary in the rxciprocal ratio of the squares of 
the distftncv^s from the centre of the radiating quality. 

INTEUCALAUY Day^ denotes the odd day inserted in 
the leap-year. Sec UtssEXTlBE* 

* IN rEUCEPrEU Jxis, in curves, the same with what 
is otherwise called the absciss or abscissa. 

INTEllCOLUMNATION, or Iktbucolumkiatioh, 
is the space between column and column, which is always 
to be prjporlionul to the height and bulk of the coUicnns. 
From ti medium, some authors have laid down, the follow¬ 
ing proportions: in the Tuscan order, the intcrcolumna* 
lion to be 4 diameters of the body of the column below; 
in the Doric 3, in the Ionic 2|, In the Corinthian and 
in the Composite If. 

INTEREST, is a sum reckoned for the loan or for- 
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hcaranci' of;U)ojln r 'iim.or principnl, lent f<ir, or due at, 
n certain time, nccordinij t«) some certain rate or propor¬ 
tion ; liein:; cstiniatcil usually at so much per cent, or by 
the 100. 'J'hls forms a particular rule in arithmetic. 'l‘he 
hiuhosf Irj'al in(er<-st nownIloivc<! iiiEngland, is alter tlie rate 
of .5 per cent, per annum, or tin- 20th part of the princi¬ 
pal tor tlic space lit .1 y«'.ir, and so in proportion for other 
limes, l itln r greater or les.s : e.Kcept in the case of pawn- 
brokeis, to whom it has lately been made legal to take a 
much liiglier interest, tor one of the worst and most dc- 
slrucine jiuiposes that can be suflered in any state. 

Jnteresi is either Simple or Compound. 

Simple I y rKu P.ST, is that which is counted and allowed 
upon the principal only, for the whole time of forbear¬ 
ance. — 1 he sum ol the principal and interest is called the 
uniounl. 

As the interrst of any sum, for tiny time, is directly 
liroporiJunal to the principal sum and time; therefore 
the inleiesc^ 1 pound for one year being multiplied by 
any proposed principal sum, and by the time of its for¬ 
bearance, in years and parts, uill be its interest for that 
time. That is, if 

»• =: the rate of intcfosl of W. per annum, 

/)=any principal sum lent, 
t — the time it is lent for, and 
a = tlie amount, or sum of principal and interest; 
then i«/)r/ = tlic interest of the sum;), for the time r, at 
the rale r; and consequently p-hprlssp x (I a, 

is the amount of the same for that time. And from this 
general formula, other theorems can easily be rlcduced for 
finding any of the quantities above-mentioned ; which col¬ 
lected all together, will be as follow: i 

1st, a :s p pr! the amount, 

the principal, 


2d, p = 
3d, r = 
4t]i, t = 


I + Tl 
a-p 

P‘ 

» - P 
l-r 


the rate, 
the time. 


f 

For Example, let it be required to find, in what time any 
principal sum will double itself, at any rate of simple itv- 
♦crest. In this disc wc may use the 1st theorem a ss p 
pri, in which the amount a must bo = 2/), or double 

the principal, i.e.p -f pn = ip-, and hence t = ■?; 

where r being the interest of 1/. for on« year, it follows 
that the time of doubling at simple interest, is equjJ to the 
»|Uotient of any sum divided by iu inlcrc-st for one year, 
bo that, if the rate of interest be 5 pcs'cent, then IOO-7-5 
= 20, is the time of doubling.—Or the 4ih theorem im¬ 
mediately gives / =s ° ~ ^ ss -P ~P ™ d __ ' 

.P’' pr r ~~ r' 

For some compendious tables and rules for computint^ 
the inleri'si un money, see my small book of Arithmetic.*" 
Compound Interest, called also Inteiesi-upon-Jntaest, 
is that which is counted, not only on the principal sum 
lent, but also for its interest, as it becomes due, at the end 
of each slated time of payment: 

Though it be not lawful to lend money at compound in¬ 
terest, yet in purclinsingannuities,pensions,&c, and looses 
ill revertion, it is nsunl to allow compound interest to the 
purchaser for his ready,money; and therefore it is neces¬ 
sary to understand this .subject. 

Besides the quantities concerned in simple interest, viz, 
the principal p, the rate or interest If. for 1 year r, the 
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amount/7, and the lime /, there is another quantity em¬ 
ployed in compound interest, viz, the ratio of Uie rate of 
interest, which is the amount of 1/. for I time ofpnvnfem 
and which here let be denoted. by r, viz, it L \ ^ r 
Then, the particular amounts for the sovcntl limes mav 
be thus computed, viz, As 1 pound, is to its amount for 

any time, so is any proposed principal sura, to its amount 
for ibc same time; u c. 

!/• ; R :: p : ihc tstyear's amount^ 

1/.: R :: pn' : tlic 2U yearns amouiUy 

I/.: R :: pa*: pu^ lUo 3(1 year's amount, 
ami so on. 

Therefore in pi ncral,pR* s a, is the amount for the/year 
or / time of payment. Whence the following general theo- 
roms arc deduced: 

1st, as pR^ the amount^ 

p s i the principal^ 


3d, R = y-. 


the ratio, 


4 wL « of a — loe, of © , 

' = -kiTUr^- 

From which anyone of the quantities may be found, when 
the rest are given. 

For example, suppose it were required to find, m how 
many yonn, any principal sum will double itself, at any 
proposed rale of interest, in this case must be employed 
the 4tli theorem, where a will' be = Qp, and then it is 
i ^ ^ P 1. ap — L p ^ Injt.a 

“ R lop.R' ” log.R ' 

So, if the rate of interest be 5 per cent, per annum; then 
R = 1 ^ *05 = 1*05, and hence 
lo«.d -aoioooo 

=S 14'206j; nearly; that is, any 




log. 105 

sum doubles in 14}years nearly, at the rate of 5 percent, 
per annum compound interest, 

Hence, and from the like question in simple interest, 
above given, urc deduced the times in which any sum 
doubles itself, at several rates of interest, both simple and 
compouni^: viz, 


At* 


'At Simple Intcrcit. 

At Comp. Inteftcl. 

I 


100 

090003 

2 


50 

33-0028 

2} 


40 

280701 

3 

per cent, per on. 

33} 

23-4498 

.3}^ 

interwt, lA or 

28} 

20*1488 

4 

^niiy other sum^ 

23 

17-0730 


will double in 

221 

157473 

5 

1 ' 

20 

i4'2oor 

O' 


10} ; 

11*8937 

7 



10*2448 

8 


12} 

900O3 

9 


11} 

80-132 

10 J 


10 

7 2725 


The following Table will very much facilitate the cal 
culaiion of the compound interest for any sum, for any 
number of years, at various rates of interest. 

.The use of this table, which cuotains all the powers r*, 
to the 2(fib power, or the amounts of 1/. is chiclly to cal¬ 
culate the interest, or the amount, of any principal siim, 
for any tjme, not more than 20 years. Fur example, re¬ 
quired to find to how much 5231. will amount in l^years, 
at the rale of 5l, per cent, per annum compound interest. 
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In the table, on the line 15, and in the column 5 per 

• - * - ^ ^ 4 . * 


cent, IS the amount of W. vi^. 
ibis multiplied by the principal • 

gives the amount 

or - ■ _ 

and therefore the interest is 


207.S‘>, 
523. 


I087‘.’(>47 
IOS7/. 5v. 3}f/. 
564 /. 55 . Old. 
The Amount of \I. in any t'tumber of Years^ 


Yrs. 

3 

3* 

4 

H 

1 ^ 

6 

1 

1 0300 

1 0350 

1-0400 

1 0450 

1-0500 

1-0600 

2 

i-ooog 

1 0712 

1-0816 

1-0920 

1 • 10-25 

11236 

8 

1 

10927 

1*1087 

1-1249, 

1-1412 

1-1576 

11910 

4 

11255 

1-1475 

t-1699 1 

1-1925 

1-2155 

1 -2625 

5 

1-1593 

1-1877 

1-2167 

1-2462 

1-2763 

1-3382 

6 

11941 

1-2293 

1-2653 

1-3023 

1-340J 

1-4185 

7 

1-2299 

1-27-J3 

1-3159 

1 3609 

1-1071 

1-5036 

8 

1-2668 

l'3168 

1-3686 

1-4221 

1 4775 

1-5939 

9 

1-3048 

1-3629 

1-4233 

M861 

1-5513 

1-6895 

10 

1-3439 

1-4106 

1 -4802 

1-5530 

1-6289 

1-7909 

H 

1-3842 

1 -4600 

1-5395 

1-6229 

1-7I(»3 

1-8983 

12 

1-4258 

1-5111 

1 -6010 

1-6959 

1-7959 

2-0122 

13 

1-4685 

1-5640 

1-6651 

1-7722 

1-8356 

2-1329 

U 

1 '5126 

1-6187 

j I-T317 

1-8519 

1-9799 

22609 

15 • 

l-SSSO 

1-6753 

i 1-8009 

1-9353 

2 0789 

2-3966 

16 

1-6047 

1-7340 

1 I 8730 

20224 

2-1829 

2-5404 

17 

1-6528 

1-7947 

1-9479 

21134 

2-2920 

2-6928 

18 

1-7024 

1-8575 

,2-0258 

2-2085 

2-4066 

2-8543 

19 

1-7535 

1-9225 

2-1068 

2-3079 

2-5270 

2-0256 

20 

1-8061 

1-9898 

2-1911 

2-4117 

2-6533 

2-2071 


Sec Annuities; Discount; Reversion; Smnrt's 
Tables of Interest; the Philos. Trans, vol. 6, pa. 50S ; and 
most books on Arithmetic. 

INTERIOR Figure, See Angle. 

Interior Polygon. Sec Polygon. 

Interior Talus. Sec Talus. 

Internal Anglos, are the angles made within any 
figure, by the sides of it. In a triangle abc, tb« two angles 

i. 

/ 

/ 

\ 

H 



K 

A and c arc peculiarly ca\led internal and opposite, in re* 
sped of the external angle cbd, which is C((ual to them 
l^th together. 

Ihtzkh At Angle i$ also applied to the two angles formed 
between two parallels^ hyaline intersecting those parallels^ 
on each side of the intersecting line. Such arc the angles 
c, 6f c, df formed between the parallels ep and oh» on each 
side of the intersecting liiie^The two adjacent internal 
angles d and bf or C/and arc together equal to two right 
angles. 

iNTERvaL and Opposite Angles^ is also applied to the 
two angles a and which arc respectively equal to the two 
nand called the qxtemal and opposite angles. Also 
the alternate internal angles are equal to each other; visi 
a s and bssc* 

INTERPOLATION^ in the modern Algebra, is used 
for finding an intermediate term of q series, its place in the 
series being given. The method of interpolation was first 
invented by*Mr. Briggs, and by him applied to ihecalcu* 
lation of logarithms, &€, iu bU Arilhmeiica Logaritbroica, 

Vou I. 


and his Trigonometria Britannica; where he 
an<l fully applies thcme(>u»d of interpolation hy diftormc* ^ 
flisjpnnciptes were followed by Ilei’iiiHl ami .Mouo^n 
France, and by Cotes and othet'S in Fn;»hnnJ. \Valli> * r>.- 
ployed the method of interpolation in several parts t>i las 
works; as his Arithmetic of inrnntcs, and hjs Algebra, f<»r 
quadraUircs, 6kC4 The same \>as aUo happily applied by 
Newton in various ways : by it he investigated his bino¬ 
mial Theorem^ and quadratures of the circle, ellipse, and 
hyperbola: see Wallis’s Algebra, chj|). 86> &c. Ncwli>n 
also, in lemma 5, lib. 3 Princip.ga^e a most elegant solu¬ 
tion of the problem for drawing u curve line through the 
ex t rein i tics of any number of given ordinates; and in tbe 
subsequent proposition^ he applied tbc solutiou of this 
problem to tlmt of finding, from certain observed places 
of a comet, its place at any given intermediate time. And 
Dr. Waring^ who adds, that a solution still more elegant, 
on some accounts, has been since discovered by Mess. 
Nichol and Stirling, has also resolved the sdrnc problem, 
and rendered it more general, without having recourse tu 
finding the successive differences. Philos. Trans, vol. 69i 
parr It art. 7. Mr. Stirling indeed pursued this branch 
AS a distinct science, in a separate treatise, viz, Tractatus 
dc Summatidite cl Interpolationc Scrierum infinitarum, 
in the year 1730. 

When the Ist, 2d, or other successive differences of the 
terms of a series become at last equal, the interpolation ot 
any term of such a series, may be found by Newtons t)iJ- 
ferential Method. When the algebraic equation of a 
scries is given, the term required, whether it be u priimirv 
or intermediate one, may be found by the resolution of af¬ 
fected equations ; but when that equation is not given, 
it often happens, the value of the term sought must be ex¬ 
hibited by a converging scrit s, or by the quadrature of 
curves. See Stirling, ut supra, pa. 36. Meyer, in Act. 
Petr. tom. 2, pa. ISO. 

A general theorem for interpolating any term is as fol¬ 
lows : Let A denote any term of an equidistant scries of 
terms, and a, A, c, Ac, the first of the lsl» 2d, 3H, &c, or¬ 
ders of diSeronccd ; then the term z, whose distance from 
A is expressed by x, will be this, viz, Theorem 1, 

X —‘ I 

t = A -t- X • 


X— t 


X 


X — s - 

c &c. 


a a . 4 

Hence, if any of the orders of differences become equal 
to one another, or ^ 0, this series for the interpolated 
term will break off, and terminate, otherwise it will run 
out in an infinite scries. 

Example. To find the 20th term of the series of cubes 
1, 8, 27, 64, 125, &c, or 3’, 4*, 5^ &c. 


Set doRb' the series in a 

A 



column, and take their conti¬ 


n 


nual differences as here an¬ 

1 

7 

b 

nexed, where the 4th differ¬ 

8 

/ 

1 *y 

ences, and all after il be¬ 

19 


come ss 0, also A ss 1, a = 7 • 

27 


18 

b ss 17, c es 6, and x =s ip; 

64 


OA. 

therefore the SOth term sought 

6l 


is barely 

125 



, = l .-f 19 * 7 -K 19 * — 

X 12 

4- 

19 ^ 


6 

6 


d 

0 


»/ ^ 


IT 

d 


ss 1 -t- ISS 2052 5814 = 8000. 

T^eor. 2. In any, scries of equidistant terms, a, b,c,d. 
Sec, whose first diflcrcnces arc small; to find any term 
wanting in that scries, having any number of terms given. 
Take the equation which stands against the number uf 

4 T 




I N T 


1 N T 


C C90 ] 


given termSf in the following table; and by reducing the 
equation^ that term will be lound. 


No. 


KtjUAitons. 





1 

a 

0 


0 




2 

a 

- 26 


c ~ 

0 



3 

a 

- 3i 


3c — 

d 


0 

4 

a 

— 45 


6c — 

id 


e S5 0 

5 1 

a 

— 56 


10c — 

lOd 


be - / = 0 

6 

a 

- 6b 

-H 

15c 

20d 

-K 

15e — (i/‘4-g = 0 

&c. 







n 

a 

^ nb 

-1- 

n — 

n •- 

1 

“C - 

• n 

n — 1 n— 2,^ - 

&c = 0; 


where it is evident that the cocflicients in any equation, arc 
the uncice of a binomial 1 •*- \ raised to the power denoted 
by the number of the equation. 

Rumple. Given the logarithms of iOl, 102, lOi^and 
105; to find the log. of 103*' 

Here are 4 (|uantitics given ; therefore we must take the 
4lh equation o — 4 i-H()c — 4d-*-c^0, in which it is 
the middle quantity or term c that is to be found, because 
103 is in the middle among the numbers lOi, 102, 104, 
105; then that equation gives the value of c as follows, 

4 . fir + rf) — (a + f) 

VIZ c = ^ . 

o 

Now the logs, of the given numbers will be thus : 

2 0043214 a 
2OOS6OO2 = b 
2-0170303 = d 
2 0211893 = e 

4 025C335 =s b -t- d 
_ 4 

16-1025340 — 4. (5 4- <i) 
subtr* 4-0255107 ss a 4- < 

6)~120770233 

2 0128372 the log. of 103. 

Theor. 3 . When the terms a, b, c, d, &c, ire at un¬ 
equal distances from each other; to find any intermediate 
one of these terms, the rest being given. 

7. r, s, &c, be the scverhl distances of those terms 
from each other; then let 


— « Dl — B 

C! C 

l> 1 ~ D 

p ' p + <t ’ 

. p ^ •h f 

p + 94-T4'X.' 


ca^ci 


0 ^ ^ Cl— ' ; 

c ^ na— na 

Dl ^ m 



r ' r + # ' 




A 

A e — rf 

b3 --- 


9 


&c &c See. Then the tern) t, whose 

distance from the beginning is x, will be 
t = a 4 - Bx 4- ex. (x — DX . (x — p) . (x — p — 9) 
4- Ex.(x-p). (x -p-9).(x-p-9-r)f-&c; 
to be continued to os many terms as there are terms in the 
given series. 

By this series may be found the place of a comet, or the 
sun, or any other object at a given time > by knowing the 
places of the same for several other given times. Other 
methods of interpolation may be found in the Philos. 
Trans, number So2; or Stirling’s Summation end ’Inter¬ 
polation of Series. 

INTERSCENDENT, in Algebra, is applied to quanti¬ 
ties, when the exponents of their powers are radical quan¬ 
tities, Thus areinterscendeDtquahtities. 

Sm Fumctioh. . » 


planes cut each other.—The mutual intersection of two 
planes is a right line. The centre of a circle, or conic 
section, 6cc, is in the intersection of two diameters; and 
the central point of a quadrangle, is the intersection of 
two diagonals. 

INTERSTELLAR, inters-ening between the stars; a 
word used by some authors, to exprc» thoac parta.of the 
universe, that arc without and beyond the limits of our 
solar system—In the interstellar regions, it is supposed 
there are several other systems of planets, moving round 
the fixed stars, as the centra of their respective motions. 
And if it l>c true, as it is not improbable, that each fi.xed 
star is thus a sun to some habitable orbs, or earths, that 
move round it, the interstellar world will be infinitely tbe 
greatest pait of the universe. 

INTERTIES, or Intf.hduces, in Architecture, those 
small pieces of timber which lie horizontally between the 
summers, or between them and the cell or rising plate. 

INTERVAL, in Music, tbe dificrcncc between two 
sounds, in respect of acute and grave. Authors distin¬ 
guish several divisions of an interval, as first into Simple 
and Compound. The 

Simple Interval is that without parts, or division; 
such arc the octave, and all that are within it; as the 2d, 
3d,' 4th, 5tb, 6th, and 7tb, with their varieties. 

Compound Interval consists of several lesser intervals j 
as the 9(h, 10 th, 11 th, &c, with their varieties. 

The simple interval was by the ancients callcda ditstem, 
and the compound they called a system. 

An interval is also divided into just or true, and into 
false. The 

Just or 7Vue Intervals, arc such as all those above 
mentioned, with their varieties, whether majoror minor. 

False Intervals, arc the diminutive or superfiuons 
ones. 

An interval is also divided into the consonance and die* 
sonance; which see. 

INTESTINE Motion qfifie parts qfjluids, that which 
is among its corpuscles or component parts. When the 
attracting corpuscles of any fluid arc elastic, they must 
necessarily produce an intestine motion; and that, greater 
or less, according to the degrees of their elasticity and at¬ 
tractive force.. For, two elastic particle's, after meeting, 
will fly from each other, with the same degree of velocity 
with.which they met; abstracting from the resistance of 
the medium. But when, in leaping back from ench other, 
they appeonch other particles, their velocity will be in¬ 
creased. 

INTONATION, in Music, the action of sounding the 
notes in the scale with thc-voice, or any other given order 
of musical tones.—Intonation may be either true or false 1 
either too high or too low, either loo sharp or too fiat; and 
then this word intonation attqpded with an epithet must 
be understood concerning the maimer of performing the 
notes. 

INTRADOS, Ihe interior and lower side, or curve, of 
ap' aroh. In contradistinction frotn the extrados, or ex¬ 
terior curve, or lino on the upper side of the arch. See' 
my Tracts, vol.’l. 

INTRBNCUMBNT, in ForiificatJoa; any work that 
shelters a post against the attacks of an enemy. It is ge¬ 
nerally taken for a ditch, or trench with a parapcL Tn- 
trenobmenta are aoraetioiea made of ftseines with carih 


INTERSECTION, the cutti^ of one line,- or plane, 
by another ; or the point or line in which two tinm or two 
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thrown over them, of gabions, hogsheads, or bags fille d 
with lo cover the men from the enemy’s fire, 

IN\ lillSH, is ap|)lied to a manner of working the rule 
of thhcc, or proportion, which socins logo backward, j.c. 
reverse or contrary lo the onler of the common and direct 
rule; so that, whereas, in the direct rule, more requirc's 
more, or les> requires less ; in the inverse rule, on the con* 
trary, more requires less, or less requires more.—tor in¬ 
stance, in the direct rule it is said, If 3 yards of cloth cost 
20 sbiilings, how much will 6’ yards cost > the answer is 
40 shillings; where more yards require more money,and 
less yards require less money. But in the inverse rule ic 
is said, If 20 men perform u piece of work in 6' days, in 
how many days will 40 men perform as much ? where the 
onswer is 3 days ; and here the more men require the less 
lime, and the fewer men lh(\ more time. 

. iNVEHsa ^lelhod qf Pluxions, is the method of finding 
fiuents, Irom the fluxions being given; and is similar to 
wluil the ioreign mathematicians call the calculus inte- 
gralis. Sec Fluents. 

Inversb Metfwd of TangtnUi is ^be method of finding 
the curve btdongingto a given tangent; as opposed to tlie 
direct method, or the finding the lungcut lo a given curve. 
“As, to find u curve whose subtangenc is a third propor¬ 
tional lo r—y andy, or whose subtangeat is equal lo the 
semiordinate, or whose subnormal is a constant quantity, 
'ihc solution of this problem depends chiefly on the in- 
vcfK* method of fluxions. See Tangent# Sec also 
Montuclu, V. 3, pa. l6i. 

Inverse Proponim^ or Invbrse Ratio, is that in 
which more requires less, or less requires more. As for 
instance, in the case of light, or heat from a luminous 
object, the light received is less at a greater distance, and 
greater at a less distance ; so tbnt here more, as to di¬ 
stance, gives less, as to light, and less distance gives more 
light# This is usually expressed by the term invencly, or 
reciprocally; as in the case above, where the light is in¬ 
versely, or reciprocally as the square of the distance; or 
in the inverse or reciprocal duplicate ratio of the distance. 

INVERSION, Invertendo, or by tnvttiion^ by the 14lh 
def. of Euclid, lib. 5, is inverting the terms of a propor¬ 
tion, by changing the antecedents into consequents, and 
the consequents into antecedents* As in these, a : b tt e: d^ 
then by inversion b : a i : d i c* 

INVESTIGATION, the searching or finding any thing 
out, by means pf certain steps, traces, or ways# 

involute Figure or Gurre, is that which is traced 
out by the outer extremity of a string as it is folded or 
wrapped ui>on another figure, or as it is unwound from off 
it. The involute of a cycloid, is olso a cycloid equal to 
the former, which was first discovered by Huygens, and 
by means of which he contrived to make a pendulum vi- 
bratdn the curve of a cycloid, and so, theoretically at 
least, vibrate always in equal times, whether the arch of 
vibration were great or small; which is a property of that 
curve. See Evolute. 

INVOLUTION, in Arithmetic and Algebn, is the 
raising pf powers from a given root; as opposed to Evo* 
lution, which is the extracting, or developing of'roots 
from given powers# So the involution of the number S, 
or its powers, are thus raised : # 

S - or 3* or 3 U the 1st power, or root, 

3x3 or 3* or 9 b the 3d power, or square, 

3 X 3 X 3 or 3^ or 37 b the Sd power, or cube, 
and so on#«—And hence, to find any power of a given root, 
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or quantity, let the root bo multiplied by its»'lf a numbrr 
of limes which is one than llio iiuin^r of the index ; 
i.e, once multiplied for the 2d root, twice for the 5d root, 
thrice for the 4th root, iic. 

So also, in algebra# lo involve the binomial a -► ?», 
or raise iu powers. 

n ^ b - • - . 1st power, or root 

a H* 

ub 

^ 2a6 - • 2tl pouer 

0 b 

2a'i -H 2a6* 

nb^ ^ 4 * 

30*4 ^ 3a4‘ - 3d power 

And in like manner for any other quantities, whatever 
the numlHT of their terms may be. But compound ulgt^- 
braic quantities arc best involved by the Binomial TTlro- 
re//i; which see. 

Simple quantities arc involved, by raising the numcml 
Ciieliicienls to the given power, and the literal quantities 
arc raised by multiplying (heir indices by that of the root; 
that is, the raising of powers is performed by the multi¬ 
plication of indices, the same as the multiplication of lo¬ 
garithms. Thus, 

The 2<1 power of a b a*. 

The 2d power of 2a* is 2’a** ^ or ' 

The 3d power of 3a*4^ is 270^^4^. 

The 3d power of a^b^ b 
The nth power of is or 

INWARD Vlarddng An^ley in Fortification, is that made 
by the Curtin and the razant flanking line of defence. 

JOINTS, in Architecture, arc the separations between 
the stones or bricks; which may be filled with niurtar, 
plaster, or cement. 

Joint, in Ourpontry, is applied to several manners 
of assembling, setting# or fixing pieces of wood together. 
As by a mortise Joint, a dove-tail joint, See. 

Universal 3 in Mechanics, an excellent indention 
of Dr. Hooke, adapted to all kinds of motions and flexures; 
of which he has given a large account in his Cutlvrian 
Lectures, printed iu l67fi< This scorns to have given oc¬ 
casion to thogimbols used in suspinnling the s<»a compass; 
the'mechanism of which is the same with that of Oesngu- 
licrs’s rolling lamp. 

JoiKT-LiDci, arc such us continue during the same time^ 
or that exist together. Sec ^•Annuities, 

JOISTS, or JoTSTS, those pieces of timber framed 
into the girders nnd summers, and on which the board¬ 
ing of floors is laid. They are of various kinds: as, 
Common Joistsy being those which are framed level or flush 
with the upper surface of tho girders, but arc* seldom of 
equiil deptli. 2. Trimming Joists, those which are framed 
into two other joists, tlmt other joists may be framed mto 
them, where the opening is made for a stair-casci.^or a 
chimney hearth. 3. Binding Joists, those which arc laid 
across from girder to girder, and about 3 or 4 inches lower 
than their tipper surface, in order that other joists, called 
4. Bridging may be laid over them pamllel to the 

girders. 5# Ceiling Joists, which are turned into the bind¬ 
ing joists, and are generally made slender, having but 
little weight to support#—chief or flooring joists, 
should be about 8 inches deep, the common breadth of a 
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<leal board ; their breadth more or less, according to their 
length, >iz, from 12 to 4 inches broad, or difTereiit lengths 
frotii 6 tfi ] 2 feet. 

.ION Ls (\\ I lmam), p. r. s, a very Ofninent mathe¬ 
matician, was boin at the foot of Uodavon mountain 
[Myn^tid Ho<lafon} in the pari^li of Llanfiliangel IrcV 
l>arcl, in the l>h' of Anglosy, North Wales, in the jvar 
III'* father’s name was John George, his surname 
being ilie |MO|)t r name of his father* For it is a custom 
in several purls of \V5il<s for the proper name of the father 
to become the sninaiiie of his cliildrcri. John George the 
father was cenmnonly called Sion Siors of Lluiibabo, to 
whieh jilaci* l.e moved, and where his children were 
brought up. Acror<lmgly our author, whose proper no me 
was William, took the siiinamo of Jones from the proper 
name of Ids father, \v(io was a farmer, and of a good fa¬ 
mily, being descended from Ilwfa ap Cynddclw, one of 
the 15 tribes o| Noith Wales* lie gave his two sons the 
common school education of the country, reading, writing, 
and account^, iti ICnglish, and the Latin Grammar. Harry 
his second son took to the faiming business; hut WiUiam 
the eldest, having an extraordinary turn for mathematical 
studies, determined to try his fortune abroad fnmt a place 
where tlie same was but of little service to him. He ac¬ 
cordingly came to Larndon, accompanied by a young man, 
Jlcjwland Williams, atterwards an eminent perfumer in 
Wych-sircet* 'I he repi»rl in the country is, tlmt Mr* Jones 
soon got into a mercliarit*^ counting house, und so gained 
the esteem of liis innsler, that he gave him the command 
of a ship for u West India voyage; and that upon his re¬ 
turn he set up a matla iiiatical school, and published his 
book of Navigation ; and that upon the death ofthomor- 
chantlic married his widow : that, lord Macclesfield's son 
being his pupil, he was made secretary to the chancellor, 
and oiieol the deputy teilereof the exchequer :~and they 
have a story of un Italian wedding, which caused great 
disturbance in lord Macclesfield's family, but was com¬ 
promised by Mr. Jones; which gave rise to n saying, 

that Macclesfield was the making of Jones, and Jones 
the making of Macclesfield.' I’hc foregoing account of 
Mr. Jones, J found among the papers of the late Mr. John 
Robertson, librarian and clerk to the Royal Society, who 
had been well known to Mr. Jones, and possessed many of 
his papi'rSt 

Mr. Jones having by his industry acquired a competent 
fortune, lived upon it as a private gentleman for many 
years, in the latter part^ of his life, in habits of intimacy 
with Sir Isaac Newton and others the most eminent mathe¬ 
maticians and philosophers of his lime; and died July 3, 
I749> at 74* years of age, being unc of the vice-presidents 
of the Royal Society ; leaving at his death one daughter, 
and a son very young, who was the late Sir William Jones, 
one of the judges in India, and highly estecmicd for his 
great abilities, extensive learning, Arc.—Mr. Jones's publi¬ 
cations were, 

!• A new Compendium of the whole Art of Navigation, 
&c; in small 8vo, London, I702. This is a neat little 
piece, and dedicated to the Rev. Mr. John Harris, the au¬ 
thor of the Lexicon 1 cchnicum, or Universal Dictionary 
of Arts and Sciences, in whose house Mr. Jobes says be 
composed his book. 

2. SynopsisPalinariorum Mathesoos: ora New Intro¬ 
duction to the Mathematics,*&c; 8vo, London, I706; 
being a very neat and useful compendium of all the ina- 
tbemaiical sciences, in about 300 pages. 


His papers in the Philos. Trans, are the following: 

S. A Compendious Disposition of Equatiofu for exhi¬ 
biting the relations of Goniumetrical Lines; vol. 44 
pa. 560. 

4. A Tract on Logarithms; voL 6l, pa. 455* 

5. Properties of the Cuiiic Sections, deduced by a cum- 
pendious method ; vol.63, pa. 340. 

In all these works cl Mr. Joiic-s, a remarkable neatness, 
brevity, and accuracy, every where prevail. He sc'cmed 
to delight in a very short and comprehensive mode of ex- 
pre>sion and arrangement; in so much that, sometimes 
what he has contrived lu express in two or three pagt-$, 
would occupy a little volume in the ordinary style of 
writing. 

Mr. Jones, it is said, possessed the best mathematical 
library in Knelnnd ; scarcely any book of that kind hut 
what was there to be found. He had collected also a 
great quantity of manuscript papers ami letters of former 
mathematicians, which have often proved useful to writers 
ol their lives, &c. After his death, these were dispersed, 
and fell into diflerenl persons' hands; many of them, as 
well as of Mr* Jont'ss own papers, were possessed by the 
lute Mr. John Robertson, bclore mcniioned, at whose death 
I purchased a considerable quantity of them. From such 
collections as these it was that Mr. Jones was enabled to 
give that first and elegant edition, in 4to, 17 II, of several 
uf Newton's papers, that might ntlierwisc have been lost, 
entitled, Analysis per qunntitatum Scries, Fluxioncs, ac 
DifTerentias: cum Lnumerationc Lincaruin^'Icrlii Ordinis. 

IONIC Co/umn, or Order, the 3d of the five orden, or 
columns, of architecture. The first idea of this order was 
given by the people uf Ionia; who, according to Vitru¬ 
vius, formed it on the model of a young woman, dressed 
in her hair, and of an easy elegant shape, as the Doric*had 
been formed on the model of a strong tubust man. This 
column is a medium between the massive and the more 
delicate orders, the simple and the rich* It is distinguish¬ 
ed from the composite, by having none of the leaves of 
acanthus in its capital; and from the 'Tuscan, Doric, and 
Corinthian, by the volutes, or rams boms, vyhich odorn its 
capital; and from the Tuscan and Doric, by the chan¬ 
nels, or fiuting, in its shaft. 'Jlta height of*this column 
is 18 modules, or 9 diamciors of the column taken at the 
bottom: indeed at first its height was but 16 modules; 
bull to render it more beautiful than the Doric, its height 
was augmented by adding a base to it, which was un¬ 
known in the Doric. M. Leclerc makes Jts entabla¬ 
ture to be 4 modules and 10 minutes, and its pedestal 6 
modules; so that the whole order makes 28 modules 10 
minutes. 

JOURNAL, in Merchants' Accounts, is a book into 
which every particular article is posted out of the waste- 
book, according to the order of time, specifyin^he debtor 
and creditor in each account anti transactioh. 

Journal, in Maritime Affairs, is a register kept by the 
pilot, and others, noticing every thing thdt happens tu the 
ship, from day to day, and from hour to hour, with regard 
to the wdnds, the rhumbs or courses, the knots or rule of 
running, the rake, soundings,' astronomical observations, 
for iho latitudes and longitudes, Ate; to enable them to 
adjust the reckoning, and determine the phice where the 
ship is. Ill all sea journals, the day, or what is called the 
24 houA, is divided into twice 12 houis; those before noon 
marked a.m. for ante meridiem, and those 'from noon to 
midnight marked p.m. post meridiciOi or aflemoom 
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There arc various ways of keeping a sea journal, ac* 
cording to the ditFerent notions of mariners concerning the 
articles to be entered. Some writers direct the keeping 
such a kind ofjournni as is only an abstract of each day's 
transactions, specifying tlic weather, whut ships or lands 
were seen, accidents on board, the latitude, longitude, 
meridional distance, course, and run; these particulars 
arc to be drawn from the ships log-book,or from that kept 
by the person himself. Other auUiors recommend the 
keeping only of one account, including the log-book, 
and all the work of each day, with the deductions drasm 
from it. 

.JouHNAL is aUo used for the title of several books 
published at stated times; giving accounts and abstracts 
of the new books that aie published, with the ncw'im- 
provements daily made in arts and sciences* The first 
journal of this kind was, the Journal des Sfavans, printed 
at Paris: the design was set on foot for the ease of such us 
are too busy, or too indolent, to read the entire books 
themselves, it seems a ready way of satisfying a man's 
curiosity, and becoming learned uneasy terms: and so use¬ 
ful has it been found, tliaiit has been executed in most other 
countries, ihimgli under a great variety of titles. 

Of this kind are the Acta Eruilitorum of Letpsic ; the 
Nouyclle» de la Kepublique des LettresofM. Uayle, &c; 
the UibliotUcquc Universelle, Cboisie, ct Ancienne ct Mo- 
derne, of M. Lcclerc ; the Memoirs dc Trevoux, &c. In 
1692 , Juncker printed in Latin, An tjistorical Treatise of 
the Journals of (he Learned, published in (he several parts 
of Europe; and Wolfius, Strutius, MorhofT, Fabricius,&c, 
have done something of the same kind. 

. The Philosophical 'IVansactions of London, and those 
of Ediiibui^h; the Memoirs o'f the Royal Academy of 
Sciences; those of (he Academy of Bidlcs Lcltres; the 
Miscellanea Naturae Curiosorum: the Experiments of the 
Academy del Cimeolo, the Acta Philo^cxoticorum Na- 
tur® et Artis, which appeared from March 1 686 to April 
1687» and which arc a history of (he Academy of Urcssc ; 
the Miscellanea Berolincnsiu, or Memoirs of the Aca¬ 
demy of Berlin ; the Commentaries of the Academy *o( 
Petersburg; the Munoirs of the {nstitutc at Bologna; the 
Acta Litcraria Suecia>; the Memoirs of the Royal Aca¬ 
demy of Sioctsholm, begun in 1740; the Commentdrii 
Societatii llegice Gotlingensis, begun in 17'50,&c,&c, arc 
not so properly journaU, though they are frequently ranked 
in (he number. 

Juncker and Wolfiusgivc (he honour of the first inven¬ 
tion of journuls to Pbotius. His Bibliotheca, however, is 
uot eUog4;(her of (be same nature with ihp modern jour¬ 
nals ; nor was his design (he same. It consists of abridg¬ 
ments and extracts of books which he had read during 
bis embassy in Persia* M. Sale first began the Journal 
des Scavans at Paris, in 1665, under the name of the ipeur 
de kUdonvillc; but bis death soon after interrupted the 
work. The abb6 Gailois then took.it up, and he, in the 
year 1674, gave way to the abbe de la Roque, who conti¬ 
nued it nine years, and was succeeded by M* Cousin, who 
carried it on till the year 1702, when the abb6 Bigi^on 
instituted a new society, and committed the care of con¬ 
tinuing the journal to them, who improved and published 
it under a new form* I1)is society (S still continued, and 
M.deLoycr has had the inspection of (he jourual; which 
is no longer the work of any single.author, but of a gr^t 
number* The other French joumab are the Memoirs 


and Conferences of Arts and Sciences, by M. Dennis, 
during the years l67*2, ]673, and l674; Nvw Discoveries 
in all the parts of Physic, by M. <lc Blcgny; the journal of 
Physic, begun in 1684, and some tethers, discontinued al¬ 
most as soon as begun. Roxkt’s Journal de Pliy>i(juc, be¬ 
gun in July 177 I, and continued till, in the year 1780, tliere 
were 19 \ols. quarto. 

The NouvcIU'S de la Republique des Lctlrcs, News 
from the Republic of Lvllros, we re begun M. Baylc in 
l684, and earned on by him fill die year l687,wlicn M. 
Baylo being disabled by sickness, bis frietidv, M. Bernard 
and M. dc Laroque, took them up, and coiitjnuid them 
till 165 ) 9 * After an interruption of nine )ears, M. Ber¬ 
nard r(*sumed the woik, and continued it till the y<ar 
1710 . The Historj' of the Works of the l^carrud, h\ M. 
Basnage, was begun iri the year 1686 , and ended in 1710. 
'I'hc Universal llisloricnl Library, by M. Lcclerc, was 
corilinucd to the year 1693 , nmi contained twenl)-fivc 
volumes. The Bibliotheque Choisic of the same author, 
began in 1703. The Mercury of France is one of the 
most ancient journals of that country, and is continued by 
difTerciit ]K*rsoh>: the Memoirs of a History of Sciences, 
and Arts, usually called Memoires des Tnwoux, from the 
place where they arc printed, began in 1701. The Essays 
of Literature retiched but to a ]2(h volume in 1702, 1703, 
and 1704; these only take notice of ancient authors. 
The Journal Litcraire, by Father Hugo, began and ended 
in 1705. At Hamburgh (hey have made (wo attempts 
for a French journal, but the design failed : an Kphcroc- 
rides Spavantes has also Ix^on undettaken, but that soon 
disappeared. A Journal des Scavans, by M. Dartis, ap¬ 
peared in 1694 , but was discontinued the year following. 
That of M. Chuuvin, begun at Berlin in I 696 , held out 
three years; and an essay of the same kind was made at 
Geneva. 1 o thc^e may be added, the Journal Litcraire 
begun at the Hague 1715, and (hat of Verdun, and the 
Memoires Litrraires dc la Grande Bretagne by M. de La¬ 
roche ; the Bibliotheque Angloise, and Journal Britan- 
nique, wdiich arc confined (o English books alone. The 
Italian journals un% that of Abbot Nusari, which conti¬ 
nued from (668 to l661,andwas printed at Rome. That 
of Venice began in l67)> and ended at the same time 
with the other: the authors were Peter Moretti and 
Francis Miletli. The Journal of Parma, by Roherti and 
Father Bacchini, was declined in I 690 , and resumed again 
ill 1692 * The Journal of Ferraro, by the abbe dc Lotorre, 
began and ended in I 69 L LaGalcriodi Minerva, begun 
in 1696 , 1 $ the work ofa society of men of letters* Seignior 
Apostolo Zeno, secretary to that society, began another 
Journal in 1710, under the protection of the grand duke: 
it is printed at Venice, and several pk>rsons of disttoction 
are concerned in it. 

The Fasti Eiiriditi della Bibliotheca'Volantc, were pub¬ 
lished at Parma. There has appeared since, in Italy, the 
Giornale del Lcttcrati. 

The principal among thcLatin journals, is that of Leip- 
sic, under the title of Acta Kruditorum, begun in 168 ?: 
P.P* Manzani began another at Parma. The Nova Litcra-^ 
ritf Maris Balthici lasted from l 698 tol 708 * ThcNovaLi- 
tcraria Gennanis, collected at Hamburgh, began in 1703* 
The Acta Litcraria ex Manuscriptis, and the Bibliotheca 
Curiosa, begun in 1705, and ended in 1707, are the works 
of Siruvius. Messrs. Kuster and Sike, In 1697 , began a 
Bibliotheca Novorum Librorum, and continued it foe two 
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year.. Since llial time, there have been many Latin 
jouiiiuls; such, bt-biclcs uthers, is the Commentarii dc 
Rebus ill Scienliii Naturali ct Mediciua geslis, by M. 
Ludwig. 'I'lie ^wiss journal, called Nova Litcraria Hcl- 
sL’lix, was begun in 1/02, by M. Scheuchzcr; and the 
Aclii Medicii llai'iKiisia, published by '1'. Buitliolin, make 
live xolunus t'roni tlic year lG71 i'» l6’7y. There arc 
tuo I^nv-Dutch journals; the one under the title of 
Boockzal van Europe, which was begun at lluiterdam in 
l6,92, liy I’eter Uabbus; and continued from 1702 to 
1 708, by Si tvel ami Ciavern ; the other was conducted by 
a physician, called lluiler, who began it in 1710. I'lie 
(>ertnan journals of best note are, the .MoiiathhclKii Un» 
teiiedungen, which continued from l6sy to I6y8. The 
Bibliotlieca Cuiiosa, begun in 1/04, and ended in 1/07, 
belli by IM. Tenzel. The Magazin d’Huinbourg, com- 
inciiced ill 174S : the Pliysicalischo Belustigunzeii, or Phi¬ 
losophical .■\imisenients, begun at Berlin in 1751. The 
Jonrnai of Hanover began in 1700, and continued for two 
years by M. I'.ccard, under the direction of M. Leibnitz, 
and aflerwards cairied on by otliers. The Theological 
Journal, published by M. Loeschcr, uiuler the title oi Ahes 
unci Nc iies, that is, Old and New, A third at Leipsicund 
Fraiicfort, llie authors Mess. Walterck, Krausc,and Gro- 
sclinfruis; and a fourth at Hall, by M. Turk. 

The English journals are, Tho History of the Works of 
the I-earned, begun at I-oiidon in l6'yy. Ceiisura Tern* 
porum, in l7o8- About the same time there appeared two 
new ones, the one under the title of Memoirs of Litera¬ 
ture, Containing little mure than an English translation of 
some articles in the foreign journals, by M. De Laroche ; 
tlic other a collection of loose tracts, entitled. Bibliotheca 
Curiosa, or a Miscellany. These, however, with some 
others, are now no more, but are succeeded by the An¬ 
nual Register, which began in 1758; the New Annual 
Register, begun in 1780; the Monthly Review, which 
began in the year 1/40, and gives a character of all Eng¬ 
lish literary piiblicniioiis, with the most considerable of the 
foreign oiie.s: the Critical Review, which began in 1750', 
and is nearly cm the same plan: ns also the Lupdon Re¬ 
view, by Dr. Kenrick, from 1775 to 1780; Mat/s Re¬ 
view, from 1-eb. 1/82, to Aug. 1786; the English Review 
bepun in Jan. 1783; and the Analytical Review begun in 
May 1788, both now extinct. The Edinburgh Review 
begun in 1802, the Quarterly Review in 1808, and the 
New (Quarterly in 1813, all these published four times u 
yc-ar; also riltoch's Philosophical Magazine, begun 1758; 
Nicholson’s Philosophical Journal in 1797, but ended with 
1813; and 1 liomson's Annals of Literature ; all published 
monthlv. Besides these, we have several monthly 
pamiililets,called Magazines, which, together with a chro¬ 
nological series of occurrences, contain letters from coiv 
respondents, coimnunicating c.xtraordinury discoveries in 
nature and art, with controversial pieces on all subjects. 
Of these, the principal are those called, the Gentleman's 
Magazine, which began with the year 1731; the London 
Magazine, which began a few months after, and has lately 
been discontinued; the Universal Magazine, wbiefr is 
nearly of as old a dale; and best of all the Monthly Maga¬ 
zine began in 1796. 

IRIS, another name for the Rainbow; which see. 

Iris also denou-s the striped variegated circle round 
the pupil of the eye, formed of a duplicaturc of the uvea. 
In difleamt subjects, the iris i» of several very ditferent 


colours ; whi nee the eye is called grey, or black, 4tc. In 
its middle is a perforation, through wbich-appeats a small 
black speck, called the sight, pupil, or apple of the eye 
round which the iris lurins a ring. * 

Iris is also applied to ib«-se changeable colours, which 
sometimes appear in the glasses of telescopes,microscopes, 

&c; so called from their similitude to a rainbow._^Tbe 

same appellation is also given to that coloured spectrum, 
which a triangular prismatic glass will project on a wall] 
when placed at a proper angle in the sun-beams. 

Iris Maritw, the Sea-Ilainbaw. This elegant appear¬ 
ance is generally seen after a violent storm, in which Uic 
sea water has been in vast emotions. The celestial rain¬ 
bow however hits great advantage over the marine one, in 
the brightness and variety of the colours, and in their 
distinctness one from the other; for in the sea-rainbow, 
there arc scarce any other colours than a dusky yellow 
on tbe port next the sun, and a pale green on the op¬ 
posite side. The other colours are not so bright, or so 
distinct, as to be well determined; -but the sea-rainbows 
arc more frequent and more numerous than the others; it 
is not uncommon to sep 20 or 30 of them at a lime ut noon¬ 
day. 

IRRADl.A 1 iON, the emission of subtile rllluvia, in all 
directions, like the rays of the sun. 

IRRATIONAL Nuntbas, or QuantUUi, arc the same as 
surds, or such-roots as cannot be accuratelycxtractcd, being 
incommensurable tevunily. SeeSuRDS. 

IRREDUCIBLE Gise, in Algebra, is'uscd for that case 
of cubic equations where the root, accordiitg to Cardan's 
rule, appears under nn impossible orimaginary form, and 
yet is real; viz, in the form r® — or =s ^c, having 
greater than iir 4a* greater than 27c*. Thus, in lb« 
equationX*— 15x= 4, the root, according to Cardans 
rule,i8X=V(2 i- v'— 121) - 121),which 

is ill the form of an impossinle expression, and yet it is 
equal to the quantity 4: 

fory(2-i-^- 121) = 2 -*-^-1, 
and:i/(2~^- l21)=2-.^-l, 
therefore their sum is x=:4. 

I'hc other two roots of the equation are also real. ’ 

Al;^obruists, for almost three centuries, have in vain en¬ 
deavoured to resolve this case, and to bring it under a real 
form; anil the problem is not less celebrated among them, 
than the squaring of thu circle is among geometricians. It 
is to bo observed, that, as in some other cases of cubic 
equations, the value of the root, though rational^ it found 
under an irrational or surd form; because (he mot in this 
case is compounded of two equal surds with contrary 
signs, wtiich destroy each other; nsif xs2 -+- V3 2— \/ 3, 
then X =4. In like manner, in the irreducible case, where 
the root is rational, there arc two equal imaginary quan- 
tiliq^, with contniry signs, joiued to real quantities; so 
that the imaginary quantities destroy each other; as in tbe 
case above of the root of tbe equation x*— I5x = 4, which 
wus found, to be 2 •¥»/ — 1 -t- 2 — — 1 = -fi It is re¬ 

markable that this case always happens, viz one- root, by 
Cardan’s rule, in on impossible form, whenever the equa¬ 
tion has three real roots, and no impossible ones, but at 
no time else. 

If wo were possessed of a general rule for accurately 
extracting tho cube root of^ a binomial radical quantity, it 
is evident we might resolve the irreducible case generally^ 
which consists of two of such cubic bmuraial roots. -Bud 
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the labours of the algebraists, from Cardan’s down to the 
present time, have not been able to remove this difficulty. 
Dr, \yallis thought that he had discovered such a rule; 
but, like most others, it is merely tentative, and can only 

succeed in certain particular circumstances. ^ 

It has been sometimes asserted that, in the irreducible 
case of cubic equation, if the cocflicicnts of all the terms 
be rational, the equation will have at least one raiional 
root: which may be demonstrated in this manner. 

The given equation being = c, where the co- 

cmcicnls a and c arc rational. 

Let ± J 2 wi denote one of the roots; 
then ^ m 
and 7 m 

Ilcnco a or m'- — 4m* is rational: 

but ♦»«* Is rational, therefore is rational 

Again, c = 2w. (m* -n») is rational: 

.butM* — n* is rational, therefore 2w is rational, 
which is one of the roots. 

One of the most convenient methods of resolving such 
cubic equations, is by means of tables of sines, &c. Sec 
the article Cubic Etfuntiotu. 

Mr. Musercs, cur>itor baron of the e.xchequcr, has 
htcly deduced, by a long train of algebraical reasoning, 
from Newton’s celebrau-d binomial theorem, an inhnice 
scritii, which will resolve this case, without any mention 

of eitherimpossible or motive quantities. And 1 havealso 

discovered several other series which will do (be same thing 
in all cases whatever; both inserted in the Phil. Trans 
See Cardan’s Algebra; the articles Algebra, Cubic Equa¬ 
tions; Wallis’s Algebra, chap. 48; De Moivre in the Ap¬ 
pendix to Sanderson’s Algebra, pa. 744; Philos. Trans, 
vol. b8, pan 1, art. 42, and vol. 70, pa. 387 ; and my New 
Tracts, vol. 2, jra. 98, Ac. 

IRKEGULaU, something that deviates from the com¬ 
mon forms or rules. Thus, we say an irregular fortihea- 
tiuii, an irregular building, Ac. 

lnnr.cuj.aH tigure, in Geometry, whether plane or 
solid, is that whose sidc-s, as well as angles, are not all equal 
nnd similar among themselves. 

lllRLGULARi TIES in the ^loon't motion. See Mock, 
ISAGONE, in Geometry, is sometimes used for a iigurc 
consisting of equal angles. 

ISLAND, or Isle, a tract of dry land encompassed by 
water; whether by the sea, a river, or lake, Ac. In which 
sense Island stands coiitcudislinguislicd from Continent, or 
terra firma; like Great Britain, Ireland, Jersey, Sicily 
Minorca, Ac. 

Some naturalists imagine that islands were formed at the 
deluge: others think they have been rent and .separated 
from the continent by violent storms, inundations, and 
eartiiquakes; while others .arc thrown up by volcanoes 
or otherwise grow or emerge from the sea. 

Varenius thinks most of these opinions true in some in¬ 
stances, and believes that there have been islands produced 
each of these ways. Su Hvlenn, Ascension, and other 
steep rocky islands, he supposes have become so, by the 
sea's overflowing their neighbouring champaigns. By the 
hoping up huge quantities 6f sand, Ac, he thinks the 
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earthquake: the 

ancients had a tradition iJ.at Delos rose from the hotloin 
ol the sea, and heneca observes that the island Tberosia 
rose out of the ^gcan sea in his time, of which the mari¬ 
ners were eye witnesses; as they have been within thic 

l>‘^l'vecn Norway and Iceland, as also 
m the Atlantic ocean, where an isl.md has just emerged 

malh, —-viglrs too iSve 

Sih * "'“»>■ «• 'ho South S. a islands have 

bad their foundations, of coral roci . gradually increasiug, 

and growing out of the sea. * 

ISLES, or rather Ailes, in Architecture, the win«s or 
^KJes of a building. 

ISOCHRONAL, or Isochronous, is npnlied to such 
sibratious of a pendulum as are performed in equal times. 
0»« Inch kind arc all the vibrations of the same pendulum 

in a cycloidal curve,, and in a circle nearly, whether the 
arcs It describes be longer or shorter ; for when it describes 
a shorter arc, it moves so much (he slower; and when a 
long one, proportionably faster. 

IsocuiioNAL Line, is that in which a heavy body is 
supposed to descend with a uniform velocity, or without 
any acederatmn. Lcibniw. in the Act. Erud. Lips, for 
April 1689, has a discourse on the Liiica Isochrona, in 
which he shows, that a heavy body, with the velocity ac¬ 
quired by Its descent from any height, may disccnd from 
the same point by an infinite number of isochronal curves, 
which are all of the same species, differing from one an¬ 
other only in the magnitude of their parariu-ters (such as 
are all thcquadralocubical paraboloids), andcoiisequently 
similar to one another. He shows also, how to find a 
lini^ in which a heavy body descending, shall recede 
uniformly from a given point, or approach uniformly 

ISOMEUIA, in Algebra, a term of Victa, deno¬ 
ting the freeing an equation from fractions; which is 
done by reducing all (he fractions to one common deno- 
uiinator, and then multiplying each member of the equa¬ 
tion by that common denominator, that is rojectlnc it out 
of them all. 

ISOPERIMETRICAL Figwrer, are such as have equal 
perimeters, or circumferences. It is demonstrated in geo¬ 
metry, that among isoperimctricdl figures, that is always 
the greatest, which contains the most sides or an"l«. 
Whence it follows, that the circle is the most c.ipacious of 

all figures which have the same perimeter with it._That 

of two isoperimetrical triangles, which have the same base, 
nnd one of them two sides equal, and the other unequal • 
that is the greater whose sides arc equal. I bat ofisoperjl 
rnctrical figures, whose sides are equal in number, that is 
the greatest which is equilateral, and equiangular. Hence 
arises the solution of'that popular problem, To make the 
hedging or wailing, which will fence in a cerluiti given 
quantity of land, also to fence in any other greater quan¬ 
tity of the same. For let x be one side of the rectan¬ 
gle (hat will contain the quantity aa of acres; then will 


— be its other side, and double their sum, vii, 2x -i- 

Srr h 

babjy was from France. It is also certain that some have rectangle; and hence the equation 2r •*. — 

r** “ &ntorini formerly, sx 4h, or x's- a* ss 2ix, in which quadratic equation the 

und three other isles near it lately; the last lo 1707,whjcb two roots arc x = 6 ± — a*), which arc the lengths 
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of the two dimensions of the rectangle, viz, whose area 
is in any proportion less than the squarc'a*, of the same 
perimeter. As, for example, if one sidcof a square be 10, 
and one side of a rectangle be 19, but the other only 1 ; 
such square and pai'allelugram will be isopcrimetrica), viz, 
each perimeter 40; yefthcarea of the square is 100, 
and of the parallelogram only 19 > 

Isoperimetrical lines and tigurcs have greatly engaged 
the ulteiilion of mathematicians at all times. The 3ih 
book of Pappus’s Collections is chieJly on this subject ; 
where a great variety of curious and important properties 
are demonstrated, both of planes and solids, some of which 
were then old in his time, ami many new ones of his own. 
Indeed it seems he has here brought together, into (his 
book, all the properties relating to isoperimetrical figures 
then known, ami their different degrees of capacity. 

* The analysis of the general problem concerning figures 
that, among all (hose of the same perimeter, produce 
maxima uml minima, was given by Mr. James Bernoulli, 
from computations that involve 2d and 3d Huxions. And 
several i n(}uiries of this nature have been since prosecuted 
in like manner, but not always with equal success. Mr. 
Macliiurin, to vindicate the doctrine of fiuxions from the 
imputation of imccrtainty or obscurity, has illustrated this 
subject, which is considered as one of the most abstruse 
parts of this doctrine, by giving tlic resolution and compo* 
sitioii of these problems by first fiuxions only ; and in a 
mutincr that suggests a synthetic dcmonstnition, serving 
to verify the solution. See Maclaurin's Fluxions, pa. 486'; 
Analysis Magni Prublcmatis Isopcrimctrici Act. Emd. 
Lips. 1701, pa. 213; Mem. Acad. Scicnc. 1705, 1706, 
1718; uiul (he works of John Bernoulli, tom. I, pa. 202, 
208, 424, and tom, 2, pa. 235 ; where is contained what 
heand his brother James published on (his problem. Mr. 
John Bernoulli, in his first paper, considered only two 
small successive sides of the curve; whereas the true me¬ 
thod of resolving (his problem in genera), requires the con¬ 
sidering three such small sides, as may be perceived by 
examining the two solutions. 

M. Euler has also published,on (his subject, many pro¬ 
found n-searchc’', in the Petersburg commentaries; and 
there was printed at Ijiiisanne, in 1744, a pretty large 
work U])nn it, entitled, Mclhodus inveniendi linens curvas, 
niHxiiui minitnivc proprietate gaudentes: sive Soluliopro- 
bleinaiis isuperiiiietrici in latissimo sensu accept!.—M. 
C'niiner too, in (he Berlin Memoirs for 1752, has given a 
paper, ill which he proposes to demonstrate in general, 
vvimi ran be demonstrated only of regular figures in the 
elements ol geometry, viz, that the circle is the greatest of. 
all isopelimctricul figures, regular or irregular—M. Lhuil- 
lier has some elementary problems on isoperimeters, in 
his Polygonoinctry ; and a very considerable tract on this 
subject is given in my Course of Mathematics, vol. 3, pa. 
31—53. 

On this head, sec also Simpson’s Tracis, pa. 98 ; and 
the Philos. Trans, vol. 49 and 50. 

ISOSCELES Triangle, is a triangle 
that has two sides equal. In the 5tb 
prop, of Euclid’s Islbook, which prop, 
is usually culled the puns asinorura, 
or asses bridge, it is demonstrated, that 
the angles, a and b, at the base of the 
Isosceles triangle, arc equal to each 
other; and that if the equal sides be 
produced, the two angles, c and d, 



below the base, will also be equal. It is also inferred, that 
every equilateral triangle is also equiangular. 

Other properties of this figure are, that the perpendicu¬ 
lar AP, from the vertex to the base, bisects the base, the 
vertical angle, and also the whole triangle. And that if a 
line be drawn from the vertex to any point in the base, the 
square of this line, together with the rectangle of the spg- 
mentsofthe base, will be equal to the square of one of 
the equal sides of the triangle. .Also, if (he vertical angles 
of two isosceles triangles be equal, the two triangles will, 
lie equiangular. 

ISTHMUS, in Geography, a narrow neck or slip of 
land, that joins two other large tracts together, and sepa¬ 
rating two seas, or two parts of the same sea. The most 
remarkable isthmuses are, that of Panama or Straits of 
Darien, connecting nbrih and south America; that of 
Suez, which joins Asia and Africa; that of Corinth, or 
Peloponnesus, in the Morea ; that of Crim Tartary, other¬ 
wise called Taurica Chersonesus; that of the Peninsula 
Romania and Eri$so,or the isthmus of thcThracianCher- 
sonesus, 12 furlongs broad, and which Xerxes undertook 
to cut through. *l'hc anciebts hod several designs of cut¬ 
ting the isthmus of Corinth, which is a rocky hillock, 
about 10 miles over; but without cflect, the invention of 
sluices being not then known. There have also bcezi at¬ 
tempts for cutting (be isthmus of Suez, to make a com¬ 
munication between the Mediterranean and the Kcd>sea. 

JULIAN Calendar, is that dependingon,and connected 
with (he Julian Yrar and account of lime; so called from 
Julius Cssur, by whom it was established. See Calen¬ 
dar. 

JvLiAN Epoch, is that of the institution of the Julian 
reformation of tHe calendar, which began the 46lb year 
before ChrisL 

Julian Period, is a cycle of 7980 consecutive years, 
invented by Julius Scaligcr, from whom it was named ; 
though some say his name was Joseph Scaliger, and that 
it was culled the Julian period, because htr made use of 
Julian years. This period is formed by multiplying c&n- 
linuully together the three following cycles, viz, that of 
the sUn of 28 years, that of the moon of I 9 years, and 
that of the indiciion of 15 years; $0 that this epoch, 
though but artificial or feigned, is yet of good use; in 
that every year within the period is distinguishable by a 
certain peculiar character; for the year of the sun, moon, 
and indiction. will not be the same again till the whole 
798 O yeais have revolved. Scaliger fixed the beginning 
of this period 764 years before the creation, or mther the 
period naturally reduces to that year, taking the numbers 
of the three given cycles as he then found them; and ac¬ 
counting 3950 years from the creation to the birth df 
Christ, this makes the 1st year of thaChrisitan era answer 
to the 4714lh year of the Julian period ;*tIjereforc, to find 
the year of this period^ answering to any proposed year of 
Christ, to the constant number 4719, add the jiven )*ear 
of Christ, and the sum will be the year of the Julian pe¬ 
riod: thus, to 4713 adding J79L sum 6504 is the 
year of this period for the year of Christ 1791. Hence 
the first revolution fl|f the Julian period will not be com¬ 
pleted till the year of Christ 3267, after which a new re¬ 
volution of this period will commence. 

But the year of the Julian period may be found for any 
time, from the ntimben of the tbreo cycles that compose 
iU without making use of the given year of Christ; thus, 
multiply tho , 
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then add the three products together, and divide the sum 
h> 79^0; so shall the retiiiiiiider, after division, he the^ear 
of the Julian period Corresponding to the given years of 
the other-three cycles. 'I'hus.for the year 1751, tlie years 
of the solar, lunar, and indictimi cycles, are 8, 6, and 9; 
therefore multiplying by these, &c, according to the rule, 
thus 


4845 

4200 

6916 

8 

6 

9 

38750 

25200 

38750 

6224-1 - 

62244 


7980 ) l2rt‘J04 ( 15 
7980 
404U4 
•'19900 


remains 0504 the year of the Julian period, 
Julian iv«r,is the old account oftheyeiir,estab]ishcd 
Julius Ca^su^, ami consisted of 366^ days. This year 
continued in use in all Kuropc, till it was superseded in 
must parts by the new or Gregorian account, in the year 
1582. In l^ngland however it continued to be used tifl 
the year 1752, when it was abolished by act of parliament, 
and eleven days added to the account, to bring it up to 
the new style. In Russia, the old or Julian year and style 
are still in use. 

JULY, the 7tb month of the year, consisting of 31 days; 
about the 21st of which the sun usually enters the sign 
Ico. It was so named by Mark Antony, from Julius Ctesar, 
who was horn in this month. 

JUNGIUS (Joachim), a learned German, who was 
bornat Lubeck. He studied at Giessen, where he applied 
to mathematics and metaphysics, and wrote Latin trage¬ 
dies. lie was some lime professor of mathematics, but 
quilting that station, he studied physic at Augsburg, and 
too^ bis'doctor's degree at Padua. Ho vvas esteemed a 
very learned man, being author of several valuable works, 
and died at Hamburg, in 1557, where bis Geometria Lm- 
pydfca was published, in 1659, 

Dr. Birch (Hist. Royal Soc. vol. 2, pa. 342) says, Jun- 
gius was rector of the Gymnasium at Hamburg. In tho 
original draught of a letter of Mr. (afterwards Dr.) Ji>hn 
Pell, to Sir Charles Cavendysbe, dated at Amsterdam, 
1544, that eminent malhcmaucian recommends Dr. Jun- 
gius and John Adolphus Tassitis, corrector of the same 
Gymnasium, to the acquaintance of Sir Charles, wbonvas 
then at Hamburg, as both matberoaticians, of whose abi¬ 
lities and worth ho had a great opinion. Ho remarked 
that Jungiui had many thingi in print. As Apodictica, 
and Apodidactica. That Tassius had, two years before, 
reprinted Jungius’s Geometria Empyrica in 5 sheets of 
paper, but without diagrams: that Tassius was a very 
courteous, affable, open man ; Junius a little more re¬ 
served. Ho added, '* The roost barbarous nations bad 
something to worship ; and there aro few men that have 
not some idol, some man or woman, whom they esteem 
and admire above all the rest of mankind; and Jungius 
is mine. For 1 esteem of men more or lets, as 1 dnd them 
more or less rational; and tbecefore bavingseen something 
of Jungius's writing, wherein beseemed tome to make a 
true and better use of bis reason, and to manage tfaat di« 
Vol. I. 


vine invtniincnt of in‘trumeiits, with more dcxicTity ai d 
skill, titan any ollM-r sou of Adam, all other wtiicts must 
pardon me, it I profess to expect more soliility in J ungiu-’- 
wriliiigs, ttian in any other inuii now living. It y»ii Jind 
but the one iiali of what I iiuagiiic to be in Juiigiu-, V’ii 
will never be able to relish any othir moilcni piiiloso- 
plicr.'' Sir CiiarlcsCaveudyshe accordir^lv, in a letter to 
JMr. Pell, without a date, but received by the latter at 
Amsterdam, Sept. 10.14, inciiiiohs his having seen 
Jungius, whom he found very iVee, and who, he observed, 
preferred the analytics of the aniients before X’lcta’s by 
letters, as being more subject to errors and mistak<>«^, 
though more facile and quick of dispatch. 

.Mr. Oldenburg, secretary of the Royal Society, re.n«l to 
the Society a Latin letter to him, from Dr..Mariin Foge- 
lius of Hamburg, dated there Jan. l60;^, containing unuc- 
count of some manuscrijils left by Jungius, concerning 
motion, and Apollonius de Locis Plains, in 2 looks; of 
the former of which subjects were transmitted the chief 
beads, and the method observed in llic latter: tbe writer 
of which letter expressed his inclination to publish liiose 
writings, if encouragement were given to him. it docs not 
appear that any thing was done in consequence of it, but 
the latter may be seen in the letter-book of tbe Royal So¬ 
ciety, vol. 3, 4>a. 5. 

JUNO, a name giren to one of the sinall newly-disco¬ 
vered planets, viz, that found by M. Hardins in the year 
1804. See Astuonomy,Harding,E.xcentricity, &c. 

JUPITER, 7J,-onc of the superior planets, remarkable 
for its splendour, being the brightest of all, except some¬ 
times the planet Venus, and is much the largest of nil the 
planets. Jupiter is situated between Mars and Saturn, 
being the 9 th in order of the primary planets from the sun. 
His diameter is more than 10 times the diameter of the 
earth, and therefore his magnitude more tlian 1000 limes. 
His real diameter is S9170 miles- His annual revolution 
about the sun is almost 12 years, viz, 4350 days 14 hours 
39 minutes 2 seconds, going at the rate of more than 25 
thousand miles per hour, at the mean distance of 49a 
millions of miles; and he revolv(>s about his own axis m 
tbe short space of 9 hours 55 minutes, by which his equa¬ 
torial parts are carried round at the amazing mtu of 25* 
thousand miles per hour, which is about 25 times faster 
than the like pacts of our earth revolve. 

Jupiter is surrounded by laint substancost called zones 
or belts, in which so many changes appear, that they ure 
generally ascribed to clouds : for some gfihcm have been 
5rst interrupted and broken, and then have vanished en¬ 
tirely. They have sometimes been observed of different 
breadths, and afterwards have, all become nearly of the 
same breadth. Large spots have been seen in these belts; 
and when a belt vanishes, the contiguous spots disappear 
with it. The broken ends of some belts have often been 
observed to revolve in tbe same time with the spots; only 
those nearer the equator in somewhat less time than those 
nearer the poles; perhaps on account of the sun's greater 
heat near the equator, which is parallel to the belts anti 
course of the spots. Several large spots, wbjch appear 
round at one time, grow oblong by degrees, and then di¬ 
vide into two or three round spots. 'The periodical lime 
of the spots near the equator is 9 hours 50 minutes, but 
of those near tbe poles 9 hours 55 minutes. See Dr. Smith's 
Optics. § 1105 and II09. 

'fhe axis of Jupiter is so nrarly perpendicular to his 
orbit, that be bus no sensible change of seasons; which is 
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n great advantage, and comidcred as wisely ordered by 
the Author of Nature. For, if the axis of this planet were 
inclined any considerable number of degrees, just so many 
degrees round eacli pole would in their turn be almost 6 
years together in darkness. And, as each degree of a 
great circle on Jupiter contains about miles, it is 
easy to ju<lge wliat vast tracts of land would be rcinlcrcd 
uninhabiialile by any considerable incliiiuiioii of his axis. 

'i'he diderence between the equatorial and polar dia¬ 
meters of Jupiter, is upwards of 6000 miles ; the former 
being to the latter as 13 to : so that his pules arc more 
tlian 3000 miles nearer his centre than llie equator is. 
This happens from his ({uick motion round his axis; fur 
the fluids, together with the light particles, which they 
can carry or wash away with them, recede from the poles 
which are at rest, towards the equator where the motion 
is quickest, until there be a suflicient number accumu¬ 
lated to make up the deficiency of gravity lost by the 
centrifugal force, which always arises from a. quick mo¬ 
tion round anuxis : and when the deficiency of weight or 
gravity of the particles is made up by a suflicient accu¬ 
mulation, there is then lui e<[uilibrium, and the equatorial 
part' rise no higher. 

Jupiter's orbit is 1® lb' 56'” inclined to the ecliptic. 
The place of his aphelion 11® 8’ of the place of his 
ascending node 7*^ 29' ot 22, and that of his south or 
descending node 7® 29' of The exccntricily of his orbit 
is ^ of his mean distance from the sun. 

The sun appears to Jupiter but the 48th part so large 
as to us : and his light and heat are in the same small pro¬ 
portion, but compensated by the quick returns of them, 
and by 4 moons, sumc of them larger than our earth, 
which revolve about him ; so that there is scarce any part 
of this huge planet but what is, during the whole night, 
enlightened by one or more of these moons, except his 
poles, whence only the farthest moons can be seen, and 
where theirlight is nut wanted, because the sun constantly 
circulates in or near the horizon, and is very probably 
kept in view of both poles by the refraction of Jupiter's 
atmospiicre, which, if it be like ours, has certainly re¬ 
fractive power enough for that purpose. 'Fhis planet, 
seen from its nearest moon, appears 1000 times as lai^e as 
our muon does to us; increasing and waning in all her 
monthly shapes, every 42i hours. The periods, di¬ 
stances, in scmidiamelcrs of Jupiter, and angles of the 
■orbits of these moons, seen from the earth, arc as follow : 


No. 

1 

Period* roand 
Jupiter. 

1* 18*‘36'" 

DUuncti. 

H 

Angles of 
orbits. 

S' 55" 

2 

3 13 16 

9 

6 14 

S 

7 3 59 


9 58 

4 

ifi 18 SO 

25i 

17 30 


The three nearest moons of Jupiter fall into his shadow, 
and are eclipsed in every revolution; but the orbit of the 
4th satellite is so much inclined, that it passeth by ila op¬ 
position to Jupiter, without falling into his shadow, two 
years in every six. By these eclipses, astronomers have 
nut only discovered thatth,c sun's light takes up 8 minutos 
of time in coming to us; but have also by them detor<^ 
mined the longitudes of places on this ourth, with greater 
certainty and facility, than by any other method yet 
known. The outermost of these satellites will appear 
ocarly as large as the moon does to us. See M. Laplace's 
'J'bcory of Jupiter’s Satellites, in the Mcmuircs do I'Acad. 
and in the Connoiiiance dus Temps for 1792, po. 273. 


The English astronomer Mr. Pound long since ob¬ 
served, that the irregularities of the three interior satel¬ 
lites of Jupiter were repeated in a period of 437 daj3; 
and this observation is found to be just to the preseni 
time, for the following curious circumstance has now 
been established, viz, that 

247 revolutions of the 1st occupy 437^ 3^ 44* 


1‘23 

• 

- 

2d 

437 

3 

42 

61 

. 


3d 

437 

3 

30 

26‘ 

• 

• 

4th 

435 

14 

16 


This naturally led mathematicians to examine their 
motions, and see in what manner tlieir relative positions, 
or configurations, as they arc called, corresponded to this 
period ; and it is found, that the mean longitude of the 
1st satellite, 

minui 3 times that of the 2d, 

plus 2 times lliat of the 3d, 
always amounted to 180 degrees. 

This requires that the mean motion of the first, added 
to twice that of the 3(1, shall be equal to 3 times the mean 
motion of the 2d.—This correspondence of the mean mo¬ 
tions is nf itself a singular thing, and the odds or chance 
against its probability seems infinitely great; and when 
we add to this the particular positions of the satellites in 
any one moment, which is necessary for the above con¬ 
stant relation of their longitudes, the improbability of the 
coincidence, as a thing quite fortuitous, becomes infinite¬ 
ly greater. Doubts were at first entertained of the coin¬ 
cidence, because it was not indeed accurate to a second. 
The result of the investigation is curious. When the con¬ 
sequences of mutual gravitation are followed out, we find, 
that though neither the primitive motions of projection, 
nor the points of the orbit from which the satellites were 
projcclttd, were precisely such as suited these observed 
relations of their revolutions, and their contemporaneous 
longitudes; yet, if they diflered from them only by very 
minute quantities, the mutual gravitations of the satellites 
would in time bring them into those positions, and those 
states of mean motion, that would induce the observed 
relations; and when they are once reduced, they will be 
continued for ever. 

Though there be 8 primary planets below Jupiter, yet 
an eye placed on his iurface would never perceive any of 
them: unless perhaps ns spots passing over the sun's disc, 
when they happen to come between the eye and tbc sun. 
The parallax of the sun, viewed from Jupiter, will scarce 
be' sensible, being not much above 20 seconds; and the 
sun’s apparent diameter in Jupiter, but about 6 minutes. 
Dr. Gregory adds, that an astronomer in Jupiter would 
ensHy distinguish two kinds of plaueUi, four nearer him, 
viz his satvllitos, and two more remote, viz the sun and 
Saturn; the former however will fall vastly short of the 
sun in brightness, notwithstanding the great disproportion 
in the distances and apparent magnitude. 

JUUIN (pr. Jambs), a very distinguished person in 
several walks of literature, particularly medicine, matbe- 
maticG, and philosophy, which he cultivated with equal 
success. He was secretary of the Royal Society ih Lon¬ 
don, as well as president of the College of Physicians 
there, at the time nf his death, which happened March 22, 
1750. Doctor Jurin was author of several ingenious 
compositions; parliculerrly An Essay upon Distinct and 
Indistinct Vision; printed at the end of the 2d volume of 
Dr.Smith’s System of Optics: also several controversial ■ 
papers; against Michellotti, on tho noaentum of runniug 


I 


J U R 


J U R [ Cgg ] 


waters ; against Robins, on distinct vision ; against Bishop 
Berkeley, on the doctrine of fluxions; and against the 
])artisan> of Leibnitz, on i)je forces of inuvine bodies ; &e. 
His papers inserted in the Philos. Trans, are the following : 

1. On the Suspension of Water in Capillary Tubes: 
vol. 30, pa. 739 ——'2. Observations on tlie Slotion of 
Running Water; pa. 748—3- On an oUl Roman Inscrip¬ 
tion : pa. 813.— 1 . A Discourse on the Power of the 
Heart : pa. S63 and 929 .—5. On the Specific Gravity 
of Human Blood, pa. 1000.—6. Defence of his Doctrine 
of the Power of the Heart against thi? Objections of Dr. 
Keill: pa. 1039 .—7- On the Action of Glass Tubes upon 
Water and Quicksilver: pa. 1083.—8. On the Specific 


(»ravity of Solids when weighed inWatcr: vol.3 1 , pa. 27 1 - 
—9- On tlic Motion of Running Water, against Miclxl- 
lofti: vol. 32, pa. 17.0-—10- Remarkable Instance of the 
Small-pox: vol. 32, pa. 191 .—li. Inoculated and Nh- 

tural Smallpox compared: vol. 32 , pa. 2l3._12. On 

Meteorological Diaries: vol. 32, pa. 422.—13. On ibe 
Measure and Motion of Running Water: vol. 41 , pa. 5 
and 65.-14. Meteorological Observations in Charles- 
Town: vol. 42, pa. 491 .—15- On the Action of Springs : 
vol. 43, pa. 46 .— 16 . On the Force of Bodies in Motion : 
pa. 423.— 17 . Dynamic Principles, or Metc-vrological 
[ rinciples of .Mechanics; vol. 66, pa. Iu3. 
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Tj. /TiSTKER ( ), a celebrated German ma- 

^ thcinaticinn; died about tbeeiiduf the year ISOO.in 
the 80th year of his age, having filled the chair of pro¬ 
fessor of mathematics and natural philosophy in the uni¬ 
versity of Gottingen from the year 1756’, being as it were 
the Patriarch of European mathematicians. From his 
pen we have several elementary works on different branches 
of the fnathcmalics, which have all met with great suc¬ 
cess ; his Elements of Arithmetic, of Plane and Spherical 
Trigonometry, nnd of Perspective, having passed through 
five editions between the years 1758 and 1794. He was 
one of those who have the most materially contributed to 
introduce a sound method into the study of inathemaiics. 
The catalogue of his difi'erent works fills above nine pages 
in the last edition of Meusei’s German Literature. 
Among (ho number arc the translations of scveml im¬ 
portant works from the French, the English, and the Low- 
Dutch. His History of the Mathematics, in 4 volumes, 
may be considered us a descriptive catalogue of his own 
library: for he possessed a precious collection of all the 
most rare and valuable works in the mathematical de¬ 
partments. 

KsstneFs mode of life was somewhat singular: during 
the latter years of bis life be never went abroad except on 
Sundays, when be regularly attended the sermons at his 
parish-church, and on the days when the Royal Literary 
Society at Gottingen held their sittings. A few months 
before hU death, he was afflicted with a paralytic stroke 
ill bis right hand ; but so assiduous and indefatigable was 
he in the prosecution of bis studies, that be begun to write 
with his loft; and so continued till the time of his decease. 

KANG HI, one of the greatest princes of China, who 
reigned in the I7ib century. - He, wishing to have a chart 
of bis empire and its environs, employed for that purpose 
several European missionaries, to whose labour we arc in¬ 
debted for the grand chart of China, first published in 
1735, in France, by M. Duhalde; and since with some 
corrections by Danville. He also caused to be translated 
into the Chinese and Tartar languages, several treatises 
on astronomy, and some astronomical tables; as also the 
KIcmenu of Euclid, which he very much admired. Ver- 
biost calculated for him, in 1683, a table of all the eclipses 
of the sun and moon (hat would-happen in the course of 
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tiivcniiou of iogaritlims, and ihe ubies of ^incs, dcligblcd 
him beyond all exprc^^ioii: he soon caused a bmail odi^ 
lion of them to be made, Chat ho always curried about 
with him, and which after bis<leulh were sent us a curiosity 
to the library of the Jesuits at Lyons. He also very much 
admired the European art of writing; but his ears being 
accustomed to the grave music and monotony of his coun- 
try, he could never relish the lively and animating music 
of the Europeans; what we call harmony seemed to him 
only a confused noise. He had several sons, who werv 
instructed in most of the European sciences, at their ou a 
request, thus imitating the example given them by tbeir 
father. 

KEILL (Dr. John), an eminent mathematician and 
philosopher, was burn at Edinburgh in J671, and studied 
in the university of that city. His genius leading him lu 
the iDHthcmatics, he made a great progress under David 
Gregory the professor there, who was one of the tiist that 
had embraced and publicly taught the Newtonian philo¬ 
sophy. in 1694 he followed his tutor to Oxford, where, 
being admitted of Oaliol-college, he obtained one of the 
Scotch exhibitions in that college. It is said he'was the 
first who taught Newton’s principles by the experiments 
on which they are founded: nnd this it seems he did by, 
an apparatus of instruments of his own providing; by 
which means he acquired a great reputaUon in the uni- 
versity. The first public specimen he gave of his skill in 
mathematical and philosophical knowledge, was his £xa* 
mination of Dr. Burnet's Theory of the .Earth : with Re¬ 
marks on Mr. Whiston's New Theory; which appeared in 
1698. These theories were defended by their respective 
authors; which drew from him, in I699, An Examination 
of the Rcfiectidns on the Theory of tho Earth, together 
with A Defence of the Remarks on Mr. Whiston's New 
Theory. Dr. Burnet was a man of great humanity, mo¬ 
deration, and candour; and it was therefore supposed that 
Keill bad treated him too roughly, considering the great 
disparity of years between them. Keill however Icit the 
doctor in possesion of that which has since been thought 
the great characteristic and excellence of his work; and 
though he disclaimed him as a philosopher, yet allowed 
him to be a man of a fine imagination. 
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'I'lic jrar followine, Dr. Millington, Scdleian professor 
(>1 Ilium ;il philosophy inOxiord, who had been appointed 
j.liysician to King William, substituted Keill as his deputy, 
lu read the lectures in the public school. This office lie 
liiichnrgcd with great reputation ; and, the term of enjoy- 
mg the Scotch exhibition at Baliol-collego now expiring, 
he acce[)icdan mvitntion from Dr. Aldrich, dean of Christ* 
churcli, to reside there. 

Ill 1701 lie published his Celebrated treatise, entitled 
Jiilroiiuclio ad Veram Physicam, which is supposed to be 
the best and most useful of all his pcrfoniiancos. The 
first eclilion of this book contained only fourteen lectures; 
but to the second, in 1705, he added two more. 'I his 
work was discrvcdly estecined, both at home and abroad, 
as tlic best introduction to the Principin, or the n«\v me¬ 
chanical philosophy, and w.as repriiited in difterent places ; 
also a new edition in Kiiglish was printed at London in 
1736, at llic instance of M. M.nupciluis, who was tlien in 
England. 

Being made r<llow of the Royal Society, he puhlished, 
in the JMiilos. 'rrans. 1708, a paper on the Laws of At¬ 
traction, an»l its physical principles; ami being-ofl'ended 
at a passage in the Acta Lrurlitorum of Leipsic, where 
Newton’s claim to the first invention of the method of 
fluxions w.is callcrl in questioti, he warmly vindicated tliat 
claim against Icibnitz. In 17O.9 he went to New-Hngland 
at treasurer of the Palatines ; and soon after his return in 
1710, he was chosen Savillian professor of astronomy nl 
Oxford. In 1711. being attackei) by Leibnitz, he en¬ 
tered the lists with that mnlhematiciun, in the dispute 
concerning the invention of Huxious. Leibnitz wrote a 
letter to Dr. Huns Sloane, then secretary to the Rbyal 
Society, requiring Kcill, in effect, to moke him satisfaction 
for tlic injury he had done him in his paper relating to the 
pass.'igc in the Acta Eruditorum; he protested, that he 
was far from assuming to himself Newton’s method of 
fluxions; and therefore desired that Keill might be obliged 
to retract his false assertion. On the other hand, Kcill 
desired that he might be permitted to justify what he had 
asserted; and he made his dcrciicc to the approbation of 
Newton, and other members of the Society. A copy of 
this was sent .to Leibnitz; who, in a second letter, re¬ 
monstrated still more against Kcill’s want of candour and 
sincerity; adding, that it was not 6t for one of his age 
and experience to engage in a dispute with an upstart, 
who acted without any authority from Newton, and de¬ 
siring that the Royal Society would enjoin him to silence. 
On this, a special committee was appointed; who, after 
examining the facts, concluded their report with '* de¬ 
claring Newton to be the inventor of fluxions: and that 
Mr. Kcill, in asserting the same, hod been in no respect 
injurious to M. Leibnitz." The whole proceedings on 
this matter may be seen in Collins’s Commi-rclum Episto- 
licum, with many valuable papers of Newton, Leibnitz, 
Gregory, and other mathematicians. In the mean time 
Kcill behaved himself with great firmness and sjiirit; 
which he also showed afterwards in a Latin epistle, written 
in 1720, to John Bernoulli, mathematical professor at 
Bosii, on account of the same usage sliown to Newton : 
in the title-page of which he put the arms of Scotland, via, 
a thistle, with this motto, Nemo me impunclacessit. 

About the year 1711* several objections being urged 
against Newton’s philosophy, in support of Descartes's 
nutionsof a plenum, Keill published a paper in the Philos. 
Traus. ou the Rarity of Matter,and the Tenuity of its 


Composition, ^\'hilc he was engaged in this dispute, 
Qu< cn Anne was pleased to appoint him her decipherer ;’ 
and he continued in that place umler King George the 
1st till the year 17lf». The university of Oxford con¬ 
ferred on him the degree of M.D.in 1713; and two years 
after, lie publisheil an edition of Commaiidinc’s Euclid, 
with additions of his own. In 17 I8 he published his In- 
troductio ad V'cr.im .Astroiiomiam ; which wasafterwards 
at the rcijuesl of the duchess of Clmndos, translated hy 
hiinsclfinlo English ; aiul.with several emendations, pub¬ 
lished ill 1721, under the title of An Introduction to 
True Astronomy, ivic. This was his last gift to the pub¬ 
lic ; for being that summer seized with n violent fever, it 

terminated his lifi- Si-pt. 1,'iii the oOlh year of his age._ 

Mis papers in the Philos. Trans, above alluded to, arc con¬ 
tained in volum<-s26 aixi 'ij). 

Keill (Dr. an eminent physician and philoso¬ 

pher, and younger brother of Dr. John Keill above men¬ 
tioned, was also born in Scotland, in lf)73. Maviii" tra¬ 
velled abroad, on his return he read lociurcs on anatomy 
wiih great applause in the universities «.f Oxford and 
Cambridge, by the latter of which he had the degree of 
M. l>. conferred upon him. In 1703 hescUled ntNorth- 
ampton as a physician, where he died of a cancer in the 
mouth in 1719' His publications arc 

1. An English translation of Lemery's Chemistry. 

2. On Animal Secretion, the quantity of Blood in the 
Human Body, and 011 MusculiiV Motion. 

3. A treatise on Anatomy. 

4. Some pieces in the Philos. Trans, vols. 25 and 30. 

KEPLER (John), a very eminent astronomer and ma¬ 
thematician, was born at WicI, in the duchy of Wirtem- 
borg, in 1571. He was the disciple of Mtesilinus, a 
learned mathematician and astronomer, of whom he 
learned those sciences, and became afterwards professor 
of them to three successive.emperon, viz, Matthias, Ru- 
tlolphus, and Ferdinand the 2d. 

To this sagacious philosopher we owe the first discovery 
of the great laws of the planetary motions, viz, that the 
planets describe areas that arc always proportional to the 
times; that they move in elliptical Orbits, having the sun 
in one focus; and that the squares of their periodic time*/ 
an* proportional to the cubes of their mean distances; 
which are now generally known by the pame of Kepler’s 
Laws. As this great man stands as it were at the head of 
the modern astronomers, we shall enter at some length 
into his history, anil chiefly from the words of that cele¬ 
brated mathematician Mr.-Maclaurin.- 

Kepler had a particular passion for finding analogies 
and harmonics in nature, after the manner of the Pytha¬ 
goreans and Platunists; and to this disposition wc owe 
such valuable discoveries, as arc more than sufficient to 
excuse his conceits. Thr(>o things, he tells us, he anxiously 
sought to find out the reason of, from.his early youth ; 
viz, Why the planets were 6 in number ? Why the dimen¬ 
sions of their orbits were such ns Copernicus had described 
from observations? And what was the analogy or law of 
their revolutions? He sought for the reasons of the two 
first of these, in the properties of numbers and piano 
figures, without success: but at length reflecting, that 
while the plane regular figures may be infinite in number, 
the regular solids are only five, ns Euclid blld long ago 
demonstrated; be imagined, that certain mysteries in na¬ 
ture might correspond with this remarkable limitation in¬ 
herent in the essences of things-; and the rither^ashe fobiul 
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that the Pythagoreans had made great use of* those five 
regular solids in their philosophy. He therefore endea¬ 
voured to find some relation between the dimensions of 
these solids and the intervals of the planetary spheres j 
thus, imauining tliat a cube, inscribed in the sphere of Sa¬ 
turn, \rould touch by its si.\ planes the sphere of Jupiter; 
and that the other four regular solids in like manner 
fitted the intervals that arc between the spheres of the other 
planets: he at length became persuaded tliat this was the 
true reason why the priiimry planets were precisely si.x in 
number, and that tlie Author of the World had determined 
their dislanCOT from the sun, the centre of the system, 
from n regard to this analogy. Being thus possessed, as 
be thought, of the grand secret of the Pythagoreans, and 
greatly pleased witli his discovery, be published it in 
15y6, under the title of M^-sterium Cosmographicuin : 
and was for some time so charmed with it, that he said he 
would not give up the honour of having invented what 
was contained in that book, for the electorate of Saxony. 

Kepler sent a copy of this book to Tycho Brahe, who 
did not iipjirovc of those abstract speculations concoriiiii*’ 
the system of the world, but wrote to Kepler, first to lay a 
solid foundation in observations, and then, by ascending 
from them, to endeavour to come at the causes of things. 
'J'ycho, however, pleased with his genius, was very desirous 
of having Kepler with him to assist him in his labours: 
and having settled, under the protection of the emperor, 
in Bohemia, where he passed the last years of his life, af¬ 
ter having left his nalivo^country on account of some ill 
usage, he prevailed upon Kepler to leave the university of 
Gnitz, mid remove into Bohemia, with liis family and li¬ 
brary, ill the year l600. But Tycho dying the next year, 
the task of arranging the observations devolved upon Ke¬ 
pler, and from that time lie had the title of Mathematician 
to the Emperor all bis life, and gained contmually more 
and more reputation by his works. The emperor Rudolph 
ordered him to finish the tables of Tycho Brahe, which 
were to be called the Rudulpliinc Tables, &c. Kepler ap¬ 
plied diligently to the work: but unhappy are those 
learned men who depend on the good-humour of the in- 
teiidants of the finances; the treasurers were so ill-aficct- 
ed .towards our author, that he could not publish these 
tables till l6'27' He died at Ratisbon, in |6S0, where 
he was soliciting the payment of the arrears of 'his 
pension. 

Kepler made many important discoveries from Tycho’s 
observations, as well as from his own. He found, that 
astronomers had erred, from the first risv* of the science,in 
ascribing always circular orbits and uniform motions to 
the planets; that, on the contrary, each of them moves in 
an ellipsis which has one of its foci in the suit: that the 
motion of each is really unequable, and varies so, that a 
ray supposed to be always drawn from the planet to the 
sun describes equal areas in equal limes. 

It was some years later before ho discovered the ana- 
1 <^ existing between the distances of the several planets 
from the tun, and the periods lii which they complete their 
revolutions. He easily saw, that the higher planets not 
only moved in greater circuits, but also slower than chose . 
near the sun ; so that, on a double account, their perio¬ 
dic limes were greater. Saturn, for example, revolves at 
the distance from the sun times greater ihaii the earth’s 

distaqce from it; and the orbit of Saturn is therefore in 
the tame proportion: but os the earth revolves in one 
year, so, if their velocities were equal, Saturn ought to re¬ 


volve in 9 years and a half; whereas tlu periodic limt of 
Saturn is about years. The periodic times of (he 
planets increase, therelorc, in a greater [.roponion than 
their distances from the sun: but yet not in so great a 
proportion as the square^ of those distances; for if that 
vviTe the law of the iiiotioiis, (the square of ‘Ji being 90},) 
the periodic time of Saturn ought to be «bov<' 90 years. 
A mean proportion between that of llic distances of the 
planets, and that of the squares of lliox- distances, is the 
true proportion of the periodic times; as the mean l>e- 
Oveen pi and its square 90 }. gives the periodic tim.- of 
Jsaturn in years. Kepler, after having committed seve¬ 
ral mistakes in determining this analogy, hit upon it at 
last, May 15, 16 I 8 ; for he is so particular as to mention 
the precise day when he found that “ 'Jhe squares of 
tlic periodic times wen.- always in the same proportion 
as the cub« uf their mean distances from the sun.” 

^Vhcn Kepler saw, according to better observations, 
that Ins disposition of the five regular solids among the 
planetary spheres, was not agreeable to the intcr\aU be¬ 
tween thoir orbits, he endeavoured to discover other 
schemes ot harmony; for which purpose, he compared ilie 
motions of the same planet at its greatest and least di* 
stances, and of the difierenc planets in their several orbits, 
as they would appear viewed from the sun; and here he 
fancied that he found a sifnilitudc to the divisions of the 
octave in music* These were the dreams of this ingenious 
man, which he was so fond of, that, hearing of the disco¬ 
very of four new planets (the satellites of Jupiter) by Ga¬ 
lileo, he owns that his first reflections were from a con¬ 
cern how he could save his favourite scheme, which was 
threatened by this addition to the number of the planets. 
The same attachment Jed him into a wrong judgment 
concerning the sphere of the fixed stars: for being obliged, 
by hi$ doctrine, to allow a vast superiority to the sun in 
the universe, he restrains the fixed stars within very nar- 
row limits : nor did he consider them as suns, placed in 
the centres of their several systems, having planets revol¬ 
ving around them ; as the other followers of Copernicus 
hatl allowed them to be, from ibcir having light in them¬ 
selves, from their immense distances, and from the ana¬ 
logy of nature. Not cdhtcnicci with those harmonics, 
which be bad learned from the observations of Tycho, he 
gave bimself.ihc liberty to imagine several other analogies, 
that have no foundation in nature, and are overthrown by 
the best observations. Thus from the opinions of Kepler, 
though most justly admired, we are taught the danger of 
espousing principles, or hypotheses, borrowed from abs¬ 
tract sciences, and of applying them, with such freedom, 
to natural enquiries. 

A more recent instance of this fondness for discover¬ 
ing analogies between matters of abstract speculation, 
and the constitution of nature, we find in Huygens, one 
of the greatest geometricians and astronomers any age has 
produced: when he had discovered that satellite of Sa¬ 
turn, whicli from him is still called the Huygenian satel¬ 
lite, this, with our moon, and the four satellites of Jupiter, 
completed the number of six secondary planets then dis¬ 
covered in the system; and because the number of pri- 
mar)’ planeU was also six, and this number is called by 
mathematicians a perfect number (being equal to the sum 
of iu aliquot parts, l, 2, S,) Huygftis was hence induced 
to believe that the number of the planets was complete, 
and that it was in vain-to look for any more. This is not 
mentioned to lessen the credit of this great man, who 
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ficvi-[ pcrhap*^ rcn^oiufl in such <i manner on any other ihc repelling forcef which he suppofcd to begin at the pc. 
occu'-Jon; bill oiily to show, l>) anotlu*r instance*, how ill rihclion, would cause it to ascend in a fiitiirc convex lo- 
<^r<>iMuli*(l r< a^unings ut* (Ins kind h«nc always i>ic>Vi*d. vvard^* the 5Un. '1 here will be occasion to show afterwards 


I'or, loui; jitei. iIjc ce lebrated Cassini discovered four 
inon* sau'lliirs aljout J^alurn, not to mention the lime 
tliiit have been iliscovcrcd bedonging to tliat planet 
bv Dr. Ilrifchel, with another new primary planet and 
t{\ i) MitelI mis, besides tlic other new planets lately disCu- 
>ercd. 1 he same Cassini liaving found that the anah gy, 
uj>coveKd by Ke|)ler, between tlie periodic limeys and the 
(liscatK'^s iVom the centre, takes pl»icc in the lesser systems 
oi Jupiter and Saturn, as well as in the great solar system; 
his obseivulions overturned that groundless analogy which 
had been iinaginod between the number of the planets, 
buth prinniF) an<l secondary, and the number six : but 
esinblishcd, at the >nme time, that harmony in their ino* 
lions, whicli will afterwards appear tti flow from one real 
piiru tfde e.Nteiideil throughout the universe. 

lUit to le.tiirn to Kepler; his gnat sagacity, and contl' 
nual rnedit.itions on the planetary motions, suggc'stcd to 
Inm some news of the true principles from which these 
inottoiis flow. In his preface to the commentaries con* 
cerning the planet Mars, he speaks of gravity as a 
power til at was inutnal between bodies, and tells us, that 
the eartli and moon tend towards each other, and would 
iiH*ct in a point, so many times nearer to the earth than to 
llic moon, as the earth is greater than the moon, if their 
motions di<l not prevent it. Me adds also chat the tides 
arise from tlie gravity of the waters towards the moon. 
But not having notions sufficiently just of the laws of mo¬ 
tion, it seems he was not able to make the best use of 
these thoughts; nor docs it appear that he adhered to 
them steadily, since in his Epitome of Astronomy, pub¬ 
lished many years a(\cr, he proposes a physical account 
of the planetary motions, derived from different principles. 

He supposes, in that treatise, that the motion of the 
sun on his axis, is preserved by some inherent vital prin¬ 
ciple; that a certain virtue, or immaUriul image of the 
sun, is diffused with bis niys into the ambient spaces, and, 
revolving with the body of the sun on his axis, takes hold 
of the planets, and carries them along with it in the same 
direction ; like as a loadstone tufned round near a magne¬ 
tic needle, makes it turn round at the same time, 'fhe 
planet, according to him, by its inertia, endeavours to con¬ 
tinue in its phice, and the action of the sun*s image and 
this inertia are in a perpetual struggle. He adds, that 
this action of the sun, like bis light, decreases as the di¬ 
stance increases; and therefore moves the same planet 
with greoter celerity w hen nearer the sun, than at a greater 
distance. To account for (ho planet's approaching to¬ 
wards the sun as it descends from the aphelion to the pe¬ 
rihelion, iind receding from the sun while it ascends to 
the aphelion again, he supposes that the sun attracts one 
part of each planet, and repels (be opposite part; and (hat 
the part attracted is turned towards (he sun in (be descent, 
and the other towards the sun in the ascent. By suppo¬ 
sitions of this kind, he endeavoured to occount for all the 
other varieties of (ho celestial motions.^ 

But, now that the laws of motion arc better known than 
they were/in Kepler's time, it is easy to show the fallacy 
of every part of this account of the planetary motions. 
The planet does not endeavour to stop in consequence of 
its inertia, but to persevere in its (potion in a right line. 
An attractive force mokes it descend from Ihc aphelion to 
•the perihelion in a curve concave towards the sun: but 


itnm btv Isaac Ncwion, how an attraction or gnivitation 
towards the sun, alone produces the effects, which, accord¬ 
ing to Kepler, required both an attractive and repelling 
force; and that the virtue which he ascribed to (he sun's 
imago, p^opa^ated into the planetary regions,is unnecessary, 
us It Could be of no use for this iflcct, tiiotigh it were ad- 
initted. For n<iw his own prophecy, with which he con- 
cludoji his book, is verified ; wluTe he ti lls us, that, ‘Mhe 
discover) of such things was rcsiTvcd fur the succeeding 
age>,wheii the Author of Nature wimld be pleast d to reveal 
these mysterii's/*—The works of this celebrated author 
are iiuiny ond valuable; as, 

1 . His Cosinographical Mystery, 

2. Optical Astronomy, in l604. 

3. Account of u New Star in Sagittarius, l605« 

4 . New Astrtmomy; or, Celestial Physics, in Commen¬ 
taries on (he plonet Nlnrs. 

5. Dissertations; with the Nuncius Sidcrius of Galileo, 
I6l0 

6 . New Gauging of Wine Casks, l6l5. Said to be 
written on occasion of an erroneous measurement of (he 
wine at his marriage by (he revenue officer. 

7. New Epheineridcs, from I6'l7 to 1620. 

8 . Copernican System, three first boiiks of the, l6l6. 

9. Harmony of (lie World; and 3 books ofCometSp 

10. Cosmographical Mystery, 2d edit, with Notes, 1621. 

11. Copernican Astronomy; the last 3 books, l622« 

12 . Logarithms, 1624; and the Supplement, in l625« 

13. His Astronomical Tables, called the Rudolphinc 
Tables, in honour of the emperor Rudoipbus, his great 
and learned patron, in 1627* 

14. Epitome of the Copernican Astronomy, l635. 

Besides those, be wrote several pieces on various o(her 

bronches, as Chronology, Geometry of Solids, l*rigono« 
metry, and an excellent treatise of Dioptrics^ for (hat 
time. His numerous manuscripts were purchased from 
his representatives, 1)y Hevdius, and were probably con¬ 
sumed by o fire ut the observatory of the latter, in the 
year l679, which destroyed many of his valuable books 
and instruments. 

KerLBA's Laws, arc those laws of the planetary mo¬ 
tions discovered by Kepler. These discoveries in (he 
mundane system, are commonly accounted two, vie. 1st, 
That the planets describe about the sun, areas that are 
proportional to Ute times in which they arc described, 
namely, by a line connecting the sun and planet; and 2d, 
That the squares of the times of revolution, are as the 
cubes of the mean distances of the planets from the sun. 
Kepler discovered also that the orbits of the planets are 
elliptical. 

These discoveries of Kepler, however, were only found 
out by many trials, in searching among a great number of 
astronojpical observations and revolutions, what rules and 
laws were found to obtain* On the other band, Newton 
has demonstrated, apnorf, all these laws, showing that 
they must obtain in the inondane system, from the laws of 
gravitation and centripetal force; vii, the first of these 
‘laws resulting from a centripetal force urging the planets 
towards the sun, and the 2d, from the centripetal force 
being in an inverse ratio of the square of the distancot And 
the elliptic form of the orbitS| from a projectile force re* 
gulatcd by a centripetal one. 


K I R 


K B Y 


C 703 ] 


Keflee 9 Prahletn, is the determining the true from the 
mean eiioinuly of a planet, or the delcimining its place, 
ID Its elliptic orbit, aiiswcring to any given tune; and so 
named from the celebrated astronomer Kepler, wbo first 
proposed it. See Anomaly. 

'Mic general state of the problem is this: To find the 
position of a light line, which, passing through one of the 
foci of an ellipsis, shall cut off an area which shall be in 
any given projiortion to the whole area of the ellipsis; 
which results Irom this property, that such a line sweeps 
areas that arc proportional to the times. .Many solutions 
have been given of this probiem, some direct and gcome^ 
trical, others not: vh, by Kepler, Bulliald, Ward, New^ 
ton, Keill, Machin, See Newton's Hrincip. lib, 1. 

prop, 31, Keill's Asiroii, Lect, 23, Philos. Trans, Abr, 
8 , pa, 177, &c, 

lu the last of tlK*^e places, Mr. Aluchin observes, that 
many attempts have been made at ditferent times, but 
with no great success, towards the solution of the probtont 
proposed by Kepler; Tp divide the area of a semicircle 
into given parts, by a line drawn from a givoD point in the 
diameter, in order to find a universal rule for the motion 
of a body in un elliptic orbit. For, among the several 
methods offered, some arc only true in speculation, but 
arc really of no nervier; others arc not different from his 
own. which be judged improper. And as to then'll, they 
are all so limited and conlined to particular conditions and 
circumstances, as still to leave the problem in general un¬ 
touched. To be more particular; it is evident, that all 
constructions by mechanical curves arc seeming solutions 
only, being in reality unapplicablc; that the roots of in- 
Anitc scries are, on account of ebeir known limitations in 
all respect, so far from being sufficient rules, that they 
serve for little mure than exercises in a method of calcu¬ 
lation. And then, as to the universal method, which pro* 
cccds by a continued correction of the errors of a false 
position, it is no method of solution at all in itself; because, 
unless there be some antecedent rule or ln*pothesis to be¬ 
gin the operation (as suppose that of an uniform motion 
about the upper focus, for ibc orbit of a planet; or that 
of a motion in a parabola for the perihelion part of the 
orbit of a cornet, or something of a similar nature,) it 
would be impossible to proceed one step in it. But as no 
general rule has ever yet been laid dovvn, to assist this me¬ 
thod, so as to make it always operate, it is the same in 
effect os if there were no method at all. And accordingly 
in experience it is found, that there is no rule now subsist¬ 
ing but what is absolutely useK*ss in the elliptic orbits of 
comets; fur in such cases'there is no oUicr way to pro¬ 
ceed but that which was used by Kepler; to compute a 
tabic for some part of the orbit, and in it examine if the 
time to which the place is required, will fall out any where 
in that part. So that, upon the whole, it appears evident, 
that this problem, contrary to the received opinion, has 
never yet been advanced one step towards its true solution. 

Mr. Muchifi then proceeds to give his own solution of 
this problem, which is particularly necessary in orbits of 
a great cxcentricity; and he illustrated his method by 
exainplos for the orbits of Venus, of Mercury, of the comet 
of the year l682, and of the great comet of the year 1()80, 
sufficiently showing the universality of the method. 

KBY,in Music, is acertain fundamental note, or tone, 
to which the whole piece, be it concerto, sonata, cantata, 
&€, is accommodate; and with which it usually begins, 
and always cnds,-*-Sec Clzt. * 


Keys denote also, in an organ, or harpsichord, &c, 
the pieces of wood or ivory which are struck by the 
fingcr%, in playing upon the initrumenl. 

KaYbTON'i:, lb the middle \oussoir, or the arch stone in 
the top, or iininediuudy o\cr the centre of un arch.—The 
length of the keystone, or tlnckness of the archivolt at 
lop, is allotved by ihe b^-st architects, to be about the 
loth or 16'th part of rhe span. 

N, a kind of hquid measure, containin'* 
two lirkins, or 18 gallons, Ih'ct* measure. 

KING*/>/Vce, or Kivc-po^/, is u pu ce of litnher set up¬ 
right in the middle, between two principal rafters, and 
having struts or braces going from it to the middle oJ each 
rafter. 

KIUBY (Joshua), was the eldest of the five sons of 
Mr. John Kirby; who was originally a schoolmaster at 
Orford; but afterwards took an actual survey i>f the 
county of Suffolk in the year 1732, &c, and published a 
small map of it; as also the Suffolk Traveller, 1735, 

12 mo ; a new and enlarged edition of which was published 
by subscription in 17^4, in which the name of “ Joshua 
Kirby, Lstj. designer in perspective to his majcsly/'occurs 
for 50 copii^s. Mr. John Kirby died at Ipswich, Dec. 13* 
1733, aged 6'3. 

Our author Joshua was born in 1716, at Parham, near 
Wickham-Market; and settled as a house-painter at 
Ipswich about the year 1738. He always had a genius 
for drawing, and published 12 prints of castles, ancient 
churches and monuments, in Suffolk, with a small 
pamphlet, containing further illustrations of them. But 
the study which led him to eminence, was. that of the art 
of perspective,in his improvement of which it mayulmobt 
be said that he invented a new art; so simple was his me¬ 
thod, in comparison with the systems at that lime in use. 
He had made a considerable progress in his treatise, when 
he met with Dr. Brook Taylors book, which contributed 
to the perfecting of those rules, by which ho rendered this 
art so c*asy, that on the publication of his work he was re¬ 
quested by fbc Society of Artists to read lectures; for 
which he received the thanks of its members, in the pub¬ 
lic papers. 

Having obtained the friendship an<l intimacy of Sir 
Joshua Reynolds, Mr« Hogarth, and other eminent artists, 
he quitted Ipswich, and removed to London; where he 
was patronized by the carl of Bute, who introduced him to 
his present majesty, when prince of Wales, und was ap¬ 
pointed clerk of the works at Kcw. By Iris majesty's 
patronage lie published, in 1761, his splendid work, The 
Perspective of Architecture, in 2Sols, folio; being a mas¬ 
terly piTformonce, and the elegant designs with which it is 
illustrated reflect honour on the artists ofour country.— 

In 17669 in conjunction with his brother William, then of 
Witnisham, in the county of Suffolk, nttornry at luw (who 
died Sept. 23, 17911 aged 72), ho published an improved 
edition oPtheir father’s map of Suffolk, on a larger scale. 
Mr. K. was u member both of the Royal and Antiquarian 
Societies; and, at the first forming of the Royal Academy*, 
be wos president of the Society for Artists, from which that 
institution emanated. In the year 1768 ho published a 
Sd edition of hU Treatise on Perspective. Mr. K. died 
June 20, 1774, aged 58, and was buried in Kcw church¬ 
yard, leaving his widow, who died the year after, and a 
daughter, the celebrated Mrs. Trimmer, of Old Brentford, 
esteemed for numerous works for the instruction of youth* 
KIRCH (CiiaiSTiAH pREDeaic), of Berlin, a cole- 
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hrafcd a^lronnmcr, was borii at Gubcn in 169 +- He ac- 
qtnrcd great repuiiitii'd in the observatories of Dantzic and 
Berlin. Cbidfrey Kirch lli^ father, and Mary his motlicr, 
also acquired considerable reputation by their astronomi¬ 
cal observations. This family corresponded with all the 
leatned societies of Ktiiope, and their astronomical woiks 
are in great repute. 

KinCIll.il (Atiiaxasivs), a noted philosopher and 
rnalheiiiiiiiciiiii, was born at FnUle in 1(301. Ilcentcred 
into the society of the Jesuits in lO'lH, and taught philo¬ 
sophy, iimthernatics, the Hebrew and .Syriac languages, in 
ilic university of Wirtsburg, with great applause, till the 
year lOJl; when he retired to France, on account of llic 
ravages committed by the Swedes in Franconia, and lived 
some lime at Avignon. He was afterwards called to Rome, 
where he taught matlicmiilics in tlic Roman college, col¬ 
lected a rich cabinet of machines and antiquities, and died 
in 1680, in the 80th year of his age. 

'I'he quantity of Jiis works is immense, amounting to 22 
voliinus in folio, 11 in quarto, and three in octavo; 
enough to employ a man for n great part of his life even to 
transcribe them. Most of them are rather curious than 
useful: many of them visionary and fanciful; and it is 
not to be wondered at if they are not always accompanied 
with the greatest exactness and precision. The principal 
of them are, 

1. Pravlusioncs Mngnctica;. 

2. Primiiia! Gnomonicte Caloptricte. 

3. Ars magna Lucis et Umbrx. 

4. Musurgia Universalis. 

6. Obcliscus Pamphilius. 

a. Oedipus .£gypiiacus; 4 volumes folio. 

7. Itincrarium Extaticum. 

3. Obcliscus i’Egyptiacus; 4 volumes folio. 

9- Mundus Subtcrraucus. 

10. China lllustrata. 

KNOT, a lyc, or complication of a rope, cord, or string, 
or of thc'cnds of two together. There arc divers sorts of 
knots used for dilTcrcnt purposes, which may be explained 
by’ showing tlic figures of tlicm open, or undrawn, thus. 
1. Fig. I, plate 17« is a Thumb knot. This is the simplest 
of all. It is used to tyc at the end of a rope, to prevent its 
opening out: it is also used by taylors, &c, at the end of 
their thread. 

Fig. 2, ft Loop knot. Used to join pieces of rope, &c, 
together.—Fig. 3. ft Draw knot, which is the same os the 
last; only one end or both return the same way back, as 
abed. By drawing at a, the part bed comes through, 
and the knot is loosed.—Fig. 4, a Hing knot. This serves 
also to join pieces of cord, &c, together.—Fig. 5 is another 
knot for tying cords together. Tliis is used when any 
cord is often to be loosed.—Fig.6, a Runningkitot, to draw 
any thing close. By pulling at the cad a, tbo cord is drawn 
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through the loop b, and the part c d is drawn close about a 
beam, .N:c.—Fig. 7 is another knot, to lye any thing to a 
post. And here the end may be put through a» often as 
you please.—Fig. 8, a Fay smail knot. A thtimb knot is 
lir>t made at the end of caeli piece, and then the end of 
the other is passed through it. Thus, the cord a c runs 
through the loop d, and b d ihruugli c ; and then drawn 
close by pulling at a and b. *Jf the ends e and/he drawn, 
tlic knot will be loosed again.—Fig. 9, a Fufier't krutl, or 
Water knot. 'I his is the same as the 4ih, only the ends arc 
to be put twice through the ring, which in the former was 
but once; and then drawnclosc.—Fig. 10, a Meskint^ knot, 
for nets ; .‘ind is to be drawn close.—Fig. 11, a BarbeFi 
knot, or a knot for cuwls of wigs; and is to be drawn close. 
—Fig. 12, a Bowline knot. When this is drawn close, it 
makes a loop that will not slip, as tig. 7 ; and serves to 
hitch over any thing.—Fig. 13, a Wa/c ibio/, which is made 
with the lluce strands of a rope, so that it cannot slip. 
When the rope is put through a hole, this knot keeps it 
from slipping through. When the three strands arc wrought 
round once or twice mure, after the same manner, it is 
called crowning. By this nvans the knot is made larger 
and stronger. A thumb knot, No. 1, may be applied to 
the same use as this. 

Knots mean also the divisions of-the log line, used at 
sea. These are usually 7 fathoms, or 42 feet asunder; 
but should be 8} fathoms, or £0 feet. And'thcn, hs 
many knots as the log line runs out in half a minute, so 
many miles docs the ship sail in an hour; supposing her 
to keep going at an equal rate, end allowing for yaws, lec- 
.way, &c. 

KOENIG (Sauvbl), a learned philosopher and ma¬ 
thematician, was a Swiss by birth, and came early into 
eminence by his mathematical abilities. He was professor 
of philosophy and natural law at Francker,and afterwards 
at the Hague, where he became also librarian to the 
stadiholdcr, and to the princess of Orange; and where he 
died in 1757. 

The Academy of Berlin enrolled bini among her mem¬ 
bers; but aflcrw’ards c.xpcllcd him on ihefoltowingocca* 
sion. Maupertuis, the president, had inserted in the vo¬ 
lume of the Memoirs for 1746, a discourse on the Laws 
of Motion; which Koenig not only attacked, but also attri¬ 
buted the memoir to.Leibnita. Maupertuis, stung with 
the imputation of plagiarism, engaged the Academy of Ber¬ 
lin to call upon him for his proof; which Koenig failiog.to 
produce, he was struck out of the academy. All Europe 
was interested in the quarrel which this occasioned between 
Koenig and Maupeitui.*. The former appealed to the pub¬ 
lic; and his appeal, written with the animation of resent¬ 
ment, procured him many friends. Hewas author of some 
*otbcr works, and had the character of bding one of the 
best mathematicians of the age. 
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T ABEL, a long tliin brass ruler, with a small sight at 
one end, and a central hole at the other; commonly 
used witli a tangent-line on the edge of a circumferentor, to 
take altitudes, and other angles. 

LACAILLE (Nicholas Lkwjsi), an eminent French 
niathetiiaiician and astronomer, was burn at Rumigiiy in 
the diocese ut Rheims.in 1713. His father having quitted 
the ami), in which he had served, amused himself in his 
‘retirement with studying mathematics and mechanics, in 
which lie jiniveil the happy author of several inventions of 
consideruble use to the public. From this example of his 
father, our author almost in his infancy took a fancy to 
nicclianics, and ut school discovered very early tokens of 
genius. In 1729 he came to Paris, where he studied the 
classics, philosophy, and maihematios. He afterwards 
studied divinity in the college de Navarre, with the view 
of embracing the ecclesiastical life; however he never en¬ 
tered into priest's orders, apprehending that bis astrono¬ 
mical studies, to which he bad become much devoted, 
might too much interfere with his religious duties. His 
attachment to astronomy soon connected him with the 
celebrated Cassini, who procured him an apartment in 
the observatory ; where, assisted by the counsels of this 
celebrated man, he soon acquired a name among the as¬ 
tronomers. Ill 1739 he was engaged with M. Cassini de 
Thury, son to M.Cassini, in verifying the incriclian through 
the whole extent of France: and in Uic same year he was 
named profmor of mathematics in the college of Maza¬ 
rine. In 17*kl our author was admitted into the Academy 
of Sciences as an adjoint member fur astionomy; and 
had many LOicellcnt papers inserted in their Memoirs; be¬ 
side which he published several useful treatises, viz, £le- 
mciitk of Geometry, Astronomy, Mechanics, and Optics. 
He also carefully computcU all the eclipses of the sun and 
moon that had happened since the Christian sra, which 
were printed in the work entitled I’Art de verifier les 
Dales, &c, Paris 1750, in 4to. Hcalsocompiled a volume 
of astronomical epbcmcndcs for the years 1745 to 1755; 
another fur the years 1755 to 1765; and a third for the 
years 1/65 to 1775: as also the most corrcctsolar tables of 
any; andan excellent work entitled Astronomimfundamenta 
jiovJssimis soIis ct sicllarum obsctyalionibus stabilita. 

Having gone through a series of seven years' astrono¬ 
mical obsei'vniionsin bis own observatory in the Mazarine 
college, lie formed the project of going to observe the 
SDutliem stars ut the Cupc of Good Hope: being coun¬ 
tenanced by the French court, he set out upon this expe¬ 
dition in 1750, and in two years be observed the places of 
about 10 thousand stars in the southern hemisphere that 
are not visible in our latitudes, as well as many other im¬ 
portant elements, viz, the parallaxes of the sun, muon, and 
some of the planets, the obliquity of the ecliptic, the re¬ 
fractions, &c. Having thus executed the purpose of bis 
voyage, and no present opportunity ofiering for his return, 
he thought of employing the vacant lime in another ar¬ 
duous attempt, namely, that of taking the measure of the 
earth, as be already done'tbat of the heavens. This 
indeed had been done before by many learned men both in 
Europe and America; some determitung the quantity of 
VOL. I. 


a degree at the equator, and oil.erb at the arctic circl.- 
but it had not yet been decided whether in the m.uiIh iii 
parallels of latitude the same dimensions obtained as in the 
northern. Jlis labours were rewarded with the satisfac¬ 
tion he wished for; having determined a distance of 
41081+ feel from a place called Kliji-Fontyn to iheCaite. 
by means of a base of 38802 feet, three time-s aciuaJly 
incasurcil: he discovered a new secret of nature, namcK 
that the radii of the parallels in south latitude arc not ot 
the same length as those of the corresponding parallels in 
north lalilude. About the 23d degree of south latitude 
lie found a degree on the meridian to contain 342222 Parii 
Icet. Agreeably to iho orders from the court of \'er- 
sailles, he fixed the situation of the Isles of France and of 
Bourbon. While at the Cape, he observed a wonderful 
effect of the alinospherc in some states of it; though the 
sky ut the Cape be generally pure and serene, yet when 
the south-east wind blows, which is pretty olten, it is 
attended with some strange and even terrible effects; the 
stars look larger, and ap|>i ar to dance ; the moon has an 
undulating tremor ; and the planets have a sort of beard 
like cuinets. 

M. Lacaiile returned to France in the autumn of 1754, 
after an absence of 4 years ; loaded, not with the spoils of 
the east, but with those of the southern heavens, before 
then almost unknown to asirouoiiurs. On his return, he 
first drew up a reply to some strictures which the cele¬ 
brated Euler had published relative to the meridian: after 
which he settled the results ol il»c comparison of his ob¬ 
servations for the parallaxes, with those of other asirono- 
mers; that of the sun he fixed at 94"; of the moon at 56' 
56"; of Mars in his opposition, 36" ; of Vtmus 38". He 
also settled the laws by whicli astronomical refractions 
arc vrttied by the diffen.-nt density or rarity of the air, by 
beat or colt), and by dryness nr moisture. And lastly he 
showed an easy and practicable method of finding the lon¬ 
gitude at sea by means of the moon. His fam« being now 
generally established, he was elected a member of most of 
the academiesand societies of Euro|>c, os London, Bologna, 
Petersburg, Berlin, Stockholm, and Gottingen. 

In 1760 our author was attacked with a severe fit of the 
gout; which however did not interrupt tlic course of his 
studies; for he then planned a new and large work, in¬ 
tended as u history of astronomy through all ages, with a 
comparison of the ancient and modern observations, and 
the construction and use of the instruments employed in 
making them. Towards the latter part of 176t, his con¬ 
stitution became greatly reduced; though his mind con¬ 
tinued unaffected, and he resolutely persisted ift his studies 
to the last; death only putting an end to his labours the 
21st of March 1762, at49 years of age; after having com¬ 
mitted his manuscripts to the care and discretion of his 
esteemed friend 1^1. Maraldi. 

Betides the publications before mentioned, and perhaps 
some others also, he bad a vast number of papers inserted 
in the volumes of the Memoirs of the French Academy of 
Sciences, much too numerous indeed, though very im¬ 
portant, to be here all mentioned particularly; sufiicc'it 
therefore just to distinguish the years of those volumes in 
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Ills piicis are to be found, by tbc folloivijig list of 
them, viz, 17 U, 1/42, 1/43, 1744, 1745, 1746, 1747. 
1748, 1749, 1730, 1751, 1752, 1753, 1754, 1765, 1756, 
1757. 1758, 1759, 1760, 1761, 176S; iu all or most 
of which yciirs (lure arc two or three or more of his 
paper'. , 

I.ACKirr.A, Lizard, one of the new constellations of the 
northern hemisphere’, added, by Ilcveliiis to the 48 old 
om-', near Cr phcus and Cassiopeia. 'I'liis constellation 
contains, in llevelius's catalogue 10 stars, and in Flam¬ 
steed’s ]6. 

LACUNAR, .an arched roof or cicling; more especially 
the planking or flooring above the porticos. 

LA DY-Dr/y, the 25th of March, being the Annunciation 
of (he Holy A'lrgin. 

L/\GNV (Thomas Fantet de), an eminent French 
inalheinutici.Tn, was born at Lyons. Fournier’s F.uclid, 
and IVlleticr's Algebra, by chance falling in bis way, de» 
veloped his genius for the mathematics. It was in vain 
that liis father designed him for the law; he w.ent to Paris 
to deliver himself wholly up to the study of his favuurilc 
science ; and in 1697. the Abb6 Rignon, protector-general 
of letters, got him appointed professor-royal ofhydrogra- 
))by at Rochefort. .Soon after, the duke of Orleans, tlien 
regent of Franco, fixed him at Paris, and made him sub- 
director of the general bank, in which he lost the greatest 
part of his furtuiic in the failure of that I’stablishmrnt. 
lie had been received into the ancient academy in 1696; 
on the renewal of which he was named associate-gee^ 
metrician in 1699, ami pensioner in 1/23. After a life 
spent in close application, he died, April 12, 1734- 

Del..ugny particularly excelled in arithmetic, algebra, 
and geometry, in which lie made manyimprovements and 
discoveries. He, as well us Lcibnits, invented a binary 
arithmetic, in which only two flgures are concerned. 
He rendered much easier the resolution of algebraic equa¬ 
tions, especially the irreducible case in cubic equations; 
and the numeral resolution of the .higher powers, by 
means of short approximating theorems.—He delivered 
the measures of angles in a new science, called Gonioinc- • 
try; in which he measured angles by a pair of compasses, 
without scales, or labUs, to great exactness; and thus 
gave a new appeuriince to trigonometry.—Cyclomelry, or 
the measure of the circle, was also an object of his atten¬ 
tion ; and he calculated, by means of infinite series, the 
ratio of the circumference of a circle to its diameter, to 
120 places of figures.—He gave a general theorem for 
Ibe tangents of multiple arcs: with tunny other cu¬ 
rious or useful improvements, which are found in the 
great multitude of his papers, that are printed in the 
different volumes of the Memoirs of the Academy of 
Sciences, viz, in almost every volume, from the year 
1699 to 1729. 

LAGRANGE (JnsEfit Louis), a most illustrious ma¬ 
thematician and philosopher, was born at Turin, Nov. 25, 
1736, and died nt Paris, April 1813. His father was 
treasurer of war; but falling into poverty through unfor¬ 
tunate speculations, induced our author to endeavour to 
render himsell distinguished in literature. His taste how¬ 
ever for mathematics did not appear early. He was pas¬ 
sionately devoted to CiciTO and Virgil, before he could 
relish Archimedes and Newton. Me soon however be¬ 
came an onthu'instic udinin r o^ the geometry of the an¬ 
cients, which be at first preferred to the modern analysis. 
But a memoir which the celebrated Halley bad composed 


to demonstrate the superiority of the analytic method, had 
tlic effect of teaching him bis true path to glory. He de¬ 
voted himself to this new study with the same success that 
,hc lia<i had to synthesis; and his application was so de- 
cided, Iliut at the age of 16, he became professor of ma- 
themalics in the royal military school at Turin. 

'I he youth of the professor however had no effect in 
hindering the pupils, all older than him«-lf, from profiting 
by his U-ssons. Some of them he distinguished as his 
friends; and this early association laid the foundation of 
an important institution, the .Academy of Tiiriti, which 
publisheil, in 1759, a first volume, under the title of Actes 
de la Societe PriveC. In those acts it appears that the 
young Ugrange directed the philosophical rcMarclicsof 
Cigna the anatomist, and the labours of the Chevalier dc 
Saluces. He furnished to Foncencx the atiulytical purl of 
his memoirs, leaving to him the task of developing the rea¬ 
soning upon which the formulas depended. But Lagrange, 
while he abandoned insulated theorems, published at the 
same time, under his own name, theories which lie promised 
to devclope further. Thus, alter giving new formulas of 
maximu and minima, in all cases, after having shown the 
insufficiency of the known methods, hv announced that he 
would treat this subject, which he considered as important, 
in a work which he whs preparing, in which would be de¬ 
duced, from the same principles, all the mechanical pro¬ 
perties of bodies, whether solid or fluid, thereby laying, at 
the age of 23, the foundation of those great works which 
constitute the udmimtion of philosophers. 

Newton had iindertHkcn to submit the motions of fluids 
to calculation, and had made researches on the propaga¬ 
tion of sound ; but his principles were insufficii iit, and his 
suppositions sometimes erroneous. Lagrange demonstrated 
this, and founded his researches on the known laws of 
dynamics, by considering only in the air the particles 
which are in a straight line, thereby reducing the problem 
to that of vibrating chords. He demonstrated, that, what¬ 
ever figure is given to the chord,the duration of the oscil-' 
lalions is always the same: a truth derived from experi¬ 
ment, but which Dalembcrt considered us very difficult, 
if not impossible, to demonstrate. Flc then passed to the 
propagation of sound, treated of simple and compound 
echoes, of the mixture of sounds, of the possibility of their 
spreading in the same space without interfering with each 
other, and denionsirated rigorously the gcneratioi^ of har¬ 
monious sounds. 

Euler saw the merit of the new method, and adopted it 
ns an object of his pmfoundest meditations; but Datcm- 
bert did not yield the point in dispute. In his private 
letters, ns well as in his printed memoirs, he proposed nur 
merous objections, to which Lagrange afterwards answer¬ 
ed. The first notice of Euler was to make Lagrange an 
associate of the Berlin academy. When he announced to 
him this nomination on the 20th of October, 1759, he 
said, **/Your solution of the problem of isoperimetres 
leaves nothing to desire; and 1 am happy that this subject, 
with w hich I liavi- been almost solely occupied since my 
first attempts,Ims been carried by you to the highest degree 
of perfection. The importance of the point has ipduced 
tm* to draw up, with your msisiance, «n analytical solo- 
tion of it. But I shall not publish it till you have pub¬ 
lished the sequel of your re'carcbes, ihiit 1 may not de¬ 
prive you of any part of the glory which k your due.” ' 
Dalembcrt considered it impossible to subject to calcu¬ 
lation the motions of a fluid incloBed in a vessel, unless 
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Jjijs vessel had a certain figure. Lagrange demonstrated problem which oavc him a kt-v m-,11 .1 « .i 

the contrary ; except the case when the fluid divides which be deduced the com ,h e so u L 7' ’ 

Itself into diflerciu masses. But even then wc may deter- the second decree cqumionv oi 

mine the places where the fluid divides itself into difterent be whole mnnW ' "" >''‘^‘^^'<^rminate5 wh.ch muM 


portions and determine the motion of each as if it were 
alone. Dalembcrt thought, that in a fluid mass, such as 
the earth may have been at its origin, it was not necessary 
for the ditferent beds to be on a level; but Lagrange shows, 
Ihalthe equations of Dalcmberl are themselves equations 
of beds on a level. Jn combating Dalembert with all the 
respect due to a mathematician of his rank, he often em¬ 
ployed very beautiful theorems, for which he had been in¬ 
debted to his adversary. Dalembert, on his side, added 
to the delicacy of Lagrange. “ Your problem appeuic.r 
to me so beautiful,” says he in a letter to Lagrange, “ that 
I have sought for another solution of iL 1 have found a 
simpler method of arriving at your elegant formula." 

The Academy of Sciences of Paris proposed, at this 
time (170-k)) as the subject of a prize, the theprv of the 
libration of the moon, i. e. they demanded (he cause why 
the moon, in revolving round the earth, always turns the 
same face to it, some variations excepted, observed by 
astronomers, and of which Cassini had first c.xplained the 
phenomenon. The point was to calculate all the pheno¬ 
mena, and la deduce them from the principle of universal 
gravitation. Such a subject was an appeal to the genius 
of Lagrange, an opportunity furnished to apply his analy¬ 
tical principles and discoveries. The hope of Dalembert 
was not disappointed, and the memoir of Lagrange is one 
of his finest pieces. We see in it the germ of his Meca- 
iiique Analytique. Dalembert wrote to him : “ 1 have 
read with as much pleasure as advantage, your excellent 
paper on the moon’s librations, so worthy of the prize 
which it has obtained.” 

This success encouraged the Academy to propose, as 
a prize, tbe tluKiry of tbc satellites of Jupiter. Kuler 
Clairaut. and Dalembert, employed themselves about the 
problem of these bodies on the principle of the movements 
of tbc muon. Bailly applied the theory of Clairaut to the 
problem of the satellites, and it led him to some interesting 
results. But his theory was insuflicient; the earth has 
only one moon, while Jupiter has four, which continue to 
act upon each other, and vary their positions in tb'eir re¬ 
volutions. Tlie problem was one of'six bodies: but La¬ 
grange attacked the dilBcuUy and overcame it, demon¬ 
strating the cause of the inequalities observed by astrono¬ 
mers, and poitiLing out some others too',trivial to be as¬ 
certained by observations. .The shortness of the time 


His resid. iicc at Turin was not agreeable to him lb- 
s-iw no person who cultivated the mathematics with suc¬ 
cess. He was impatient to vi.u Pan>. M. do Caraccioli, 

amh/ ‘T 7 V was appointed 

ambassador to I^ndon, and was to pass through Paris on 

bis way where he intended to spend some time? He pro- 
posed thi.s journey to .M.Lagrange, who accepted it with 
joy, ami xvas received at Paris, as he had a right to ex¬ 
pect, by Dalembert, Clairaut, Condorcet, l oniaine, Nol- 
Ict, Mane, and the other mathematicians, l allinffdan- 
gcrously ill after a dinner, in tbc Italian style, given bv 
Nollct, be w as not able to accompany his friend to Lon¬ 
don who was obliged to leave him in a furnished loilging 
under the care of an agent. ® * 

’riiis incident changed his projects, and he thought of 
returning to lurin, when be understood that the academy 
ol Berlin was threatened with tbc loss of Euler who in¬ 
tended to return to Petersburg. Dalembcrt su«ccstea 
tbe idc^ of putting Ugrangc in the place of Kule^ and 
hulcr luuibelf pointed out Lagrange as the only man ca¬ 
pable of filling bis place. Lagrange was therefore ap¬ 
pointed, and he received a pension of 1500 Prussian 
crowns, about 950/. with the title of director of the aca¬ 
demy in regard to the physico-mathciimtical sciences. 
Euler and ^grange, in the place of Maiipcrtuis, received 
only hall his salary, but Frederick bad no respect for the 
sciences, though he considered himself obliged to protect 
(hem as a king. ' 

Lagrange took possession of his new situatioti in 1766 
He was well received by the king; but be soon perceived 
that the Germans do not like foreigners lo occupy situa- 
lions in tlieif country. He applied to the study of their 
language, and devoted himself to matlaniatics. “ The 
king,” said he, “ treated me well; I thought that he pre¬ 
ferred me to Euler, who was something of a devotee, while 
I look no part in the disjiulcs about worship ; and did not 
contradict the opinion of any one.” 

It will not bo expected that I should follow Lagrange 
in the important researches with which he filled The Ber¬ 
lin Memoirs ; and even some volumes of the Memoira of 
the Turin Academy, which was indebted to him for its 
existence. All the spneo that could be devoted to this 
biography, would be Insufficient to give oven an imperfect 
idea of bis labours. Some of these mcinoire are of such 


iiic (imc ui ui» laoours* 0011)6 01 toc^c luciQoire arc of suci 
flowed* and the inuluplicity of the calculations, analy- extent and importance, that they might pa^ for groat sc* 
tical and numerical, did not permit him to exhaust the paralc works, yet they constituted a part only of what 
subject entirely in a first memoir. He wasscnsible of this these 20 years enabled him to produce. He now com- 
himself, and promised further results, whicli his other posed bis Mecanique Analytique, and he wu anxious to 
labours always prevented him from completing; but kavc It printed at Peris; but ho experienced areal diffi- 

twentV'fuur years after, M. Laplace took un that diffirnli cultv in findino abnobvllivp __ 
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twenty-four years after, M. Laplace took up that difficult 
theory, and completed it. 

About the same time a problem of a different kind 
drew the attention of M. Lagrange. Fermat, a great ma¬ 
thematician, had left some remarkable theorems respect¬ 
ing the properties of numbers, which it seems be discovered 
by induction. Ho promised the demonstrations of them, 
but at his death no trace of them could be found. Many 
nathcmaticians employed themselves on the theorems of 
Fermat} but none were successful. Euler atone bad pe- 


culty m finding abookaeller who would undertake to pub¬ 
lish a work which, the more sublirue the theory, tbefbwer 
readers would be found capable of apprraatiogs At 
length one was found, and the work was ably edited by 
Ms Legendre, who was repaid by the esteem and the gra*’ 
Utude of the aulhdr. The death of Frederick occasioned 
great changes in Prussia, and still greater were to be ap¬ 
prehended* Philosophers were no longer respected os 
heretofore, and these causes^ with the approaching publi¬ 
cation of the Mecanique Analytique^ were* sufficient to 


vuv liwuo Tvvav •wvMrssguc* oitu pe- iuv iviocaniqt 

Detratcd into that dUQcuU path; but Lagrange in demon- bring him back to Paris. 

Btratiog or rcclifyiog some opinions of Euler, resolved a The successor of Frederick, (hough he did not much 
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inUrt 'l in ihv sciciicw, made bomc difliculiy in 

allowini; n idiilosophtr co depart >vIiom his pretlccfs^or 
ha<linMt(<l, and wIhmii he ha<i honoured wiUi his parncti- 
lar I 'tet Jn. Alter some delay, M. L^gran^c id.tained 
iitcrlv t<» depart, but it was stipulated that ho should 
sttH gj>' '‘'tne mennars to the Berlin academy, and the 
Tolurni s ol 1793 , and 1803, sIjovv that ho kept Ids 

prcjndsc. 

it) ] ] 87 ihrn, l^grangr roturm'cl to Paris, to take i)i$ 
scat M) the Academy of Sciences, of which he had been u 
foreign member lor 15 years. I o give him the right of 
voting mall (heir deliberations, this title was changed into 
lhatol \'eieran Pensionary. 'I he queen ticaied him vvjih 
regard, and c<*nsidi*red Itim as a German. He hud bc^n 
rrcon»r> ended to her from Vienna ; and he obtainecl, in 
consc<|uence, a lodging in the Louvre, whcTe he litid 
ha|>p) till the revolution. 

'I'he siiii^yfaction he enjoyed in Ids new residence, did 
i;oi hc)uev(‘r appear t>ulwardly. He was affable and kind 
wlicn interrogated, but he spoke little, and appeared ab« 
sent and melancholy. In companies which must have 
luen suited to his taste, among the most distinguisheil men 
ol all countries who met at the house of the illustrious 
Lavoisier, he was seen musing, with his head reclined 
against a wnulosv, where nothing seemed to attract his 
utlenlion. lie acknowledged, himsell, that his enthusiasm 
w.'ks g<a)C, that he had lost oven his taste for mathematics. 
^Mle^ in1ornie<l that any mathemuticiun was employed on 
n particular object, ** so much the belter/* he would say, 

i i>ud b<guii it, it will now be unnecessary for me to 
finish it.'* Ihit he had merely changed the object of his 
studies .Metajihysics, the history of human nature, of 
different religions, the general theory of languages, medi¬ 
cine, and botany, divided his leisure hours. Surrounded 
by chemists who were rcfonnmg the theory and language 
of the science, he made hiinsidl acquaiiitcil with ihcir His- 
coverie", which gave to facts formerly tsolatcdi that con¬ 
nexion which distinguislits the parts of matho- 

malics In this pliilosophical repose hr passed his time 
till the revolution, without adding anything to his muthc- 
maticnl <iiscoveiics. 

The revolution gave pliilnsophcrs the power of making 
a great and difficult innovation in tlie establishment of a 
system of weights and measui*cs, founded on nature, and 
perfectly analogous to the decimal scale of numbers. La¬ 
grange was one ot the commissioners whom the Academy 
charged with the execution of that task, and he was one 
of its most ardent promoters, fur he wished to sc^ the de¬ 
cimal system adopted in all its simplicity. 

When the academy was suppressed, the commission 
charged with the establishment of the new system was in¬ 
terrupted lor a time. In order to purify it, the names of 
Lavoisier, Bnrda, Laplace, Coulomb, Brisson, ond Dc- 
lombre, were struck out. Lagrange was retained, as pre¬ 
sident; though he could not help expressing his regret at 
the dismission of $0 many of his associates; but unless the 
supprcNsion had been total, it could scaretdy have ex¬ 
tended to him. Besides, he was known to be wholly de¬ 
voted to the sciences ; he had no place either In the civil 
department ortho administration; and the moderation of 
hit character had prevented him from expressing what he 
could not but think in secret The horrors, however, 
attending the revolution, made a strong impression on his 
sensible mind. In a conversation with M» Delambrc, the 
day after the atrocious and absurd sentence which, con¬ 


trary to every thing like justice, bad thrown nil luvvtvuf the 
^c^t'nceb into mourning, by cutting off the most illustrious 
philosopher in Europe, Lavoisier: It has cost them but a 
nujineiil,*' said he, to cut off that he»id; but a hundred 
years perhaps will not be sufficient to produce another 
like it.*' borne months before they liad hud a similar con¬ 
versation in the cabinet of Lavoisier, on account tbe 
death of the unfortunate Bailly. He lament* d the dread¬ 
ful consequences of the dangerous experiment which the 
French had attempted. The projection of their plans of 
amedioration appeared to him no certain prttois of great¬ 
ness in the human mind : ** If you wish losee it truly 
gn*at/* a<lded ho, ** enter into the cabinet of Newton, 
employed in decomposing light, or in explaining thcs^s- 
tem of the universe.** 

For some time he regretted that he had not listened to 
the ailvicc of his friends, >vho at tbe commencement of the 
troubles had rocomnieudcd him to seek kn usylum, which 
it would have been so easy to find. As h'Ug as the revo¬ 
lution seemed only to threaten the pension which he en¬ 
joyed in France, he had neglected that consideration, 
from a feeling of curiosity to be upon the spot of one of 
those great convulsions which it is always more prudent (o 
observe at a distance. It was your own choice,** said 
he several times to himself. U whs to no purpose that a 
special decree of the Constituent Assembly huil ensured 
the payment of his pension, because the depreciation of 
(he paper currency rendered it illusory. He had been 
named member of the board of consultation, appointed to 
examine and reward useful inventions, ond be had been 
appointed one of'ibe administrators of the Mmt. This 
commission offered him few objects to fix his attention, 
and in no degree removed his apprehensions. It was again 
proposed to draw him lu Berlin, and to restore him to bis 
former situation, and he agreed to the pfoposah Herault 
do Scchelles, to whom he appHed for a passport, offered 
him, for greater security, a mission to Prussia; but Ma¬ 
dame Lagrange, bis wife, would not consent to quit her 
country; a repugnance which at that time he considen'd 
as a mislbrtu^nc, though it proved a source of fortune and 
new glory. 

I'he Norman school, of which he. was named professor, 
but which had only an ephemeral existence, scarcely gave 
him time to explain his ideas respecting the loundation of 
arithmetic unci algebra, and their npplication (o geometry. 
The Poly technic school, a happier idea, had n more du¬ 
rable success: and, among the best effects which it pro¬ 
duced, we may place that of having restored Ligrange to 
analysis. There he had an opportunity of tU veloping those 
ideas, the germ of which* was to be found in*two memoirs 
publisHied in 1772, and the object of which was to explain 
the true metaphysics of the differential andiotegrul calcu¬ 
lus. He composed his Analytical Functions, and his Lec¬ 
tures on that Calculus, of which he published several edi¬ 
tions. He likewise puliliihed bis Treatise on the Nume¬ 
rical Solution of Equations, with notes on several points 
of the iheery of algebraic fquaUuns. 

The desire of multiplying useful applications induced 
him to undertake a new edition of the Mecanique Analy- 
tique» His project >ya$ to develupe the most useful parts 
of iU He laboured on it with nil the ardour and intellec¬ 
tual power which he could have applied at ntiy period of 
his life* But ibis application occasioni'd a degree of 
fatigue which threw him'into a fainting 6t| and be was 
found in that state by bfadame Lagrange. Ijlis head to 
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({illiiig had ^Iruck against (he corner of n (able, and (ho vcrc 
sljock had not restored him la his senses. Tlits was a liy- 
warning to rake more care oi himself, an(i lie (Iiought so (o j 
at rirst; but he was t<io an.xiou'i to fiiiisli ias \vork» the whe 
printing of which was not coinpletid at the ]K*riod of liis lasl< 
decease. 1 he first volume had appeared some tune before be r 
his death. Ir had been followed by a new edition ol his disc 
I'onctions Analytujijes. So much labour e.\hausted him. and 
Towards the end of March (IS 13) a fever came on, he lost the 
his ap])i*iiie, liis sleep was uneasy, and bis waking was ac* frien 
con)pHnie<l by alurmiiig swooninijs. He perceivcuJ hi» died 
danger; but, preserving his senuU\, he studied what 
pa5sc<l vviiliin him, and, as if he weu‘ a^^sistiiig at a great lran< 
ami uncommon c.\pcriment, he bestowed all bis utieiKion regii 
on it. I'lieiidship c nducted lo his house, on the 8th of life l 
April, M:M. l.iuepe. e, Mongo, and Chaptal, whowmte was 
down the principal [joint^^ of a convcrsHtion which was his brin] 
last; and tiu* 1 oI1im\ mg pjissages, w ithin inverted commas, ol w 
are copied from the mamiscript of M. Chaptal. Fran 

“ He receivetl tfjein with tenderness and Cf»rdiality. I brati 
was very ill, my mends ('•aid lie), the day before yes ter- dauj 
day ; I perceneii my sell dying, iny body became w<ak<T, Acai 


my mental hikI pbjisical powers were tinidually declining; 
1 observe with pleasure the gradual diminution of my 
strength; and I arrived at tin point without pain, without 
rcgn*l, -and by a ver^ gentle declivity. Death is not lo 
l»e feared, and when it ciain s without violence, it is a last 
function vvhich is neither painful nor disagreeable/^ He 
then explained to them bis ideas respecting life, the seat of 
wbicli he considered us spread over the whole body, in 
every organ, and^all parts of the machine, which in his' 
case became equally feebler in every part by the same ile- 
grec. •• A little longer, and there would have been no 
functions, ileath would liave ov<*f>pread the whole body, 
for dear li is merely the absolute repose of the body; I 
wished to die/' added he with greater force, ** I found a 

t dcasure in it; but my wife did pot wish it. I should 
lavc pnderreH at that time a wifeless kind, lesseagor to 
restore ni) strength, and who would liave allowed me 
gently to have finished my career. 1 have performed my 
task, IJmve acquired some celebrity in the mathematics^ 

I have hated nobody, I have dune no ill; it is now proper 
to finish/' 

As he exerted himself too much, especially in those Inst 
words. Ills friends, notwithstanding the interest with which 
they had listened to liinf, proposed to retire; but be ro- 
taiticd them, mill began to relate to them the history of his 
life, his labours, his success, his residence at Berlin, (where 
he had olferi told us what he had seen near a king,) of his 
arrival at Paris, the tranquillity he had enjoyed at first, 
the anxiety which he suffered during the revolution, and 
how be had been rinally rewarded by a powerful morinrch, 
capable of appreciating his worth, who had loaded him 
with honours mid dignities, and who had cvcq lately sent 
him the grand ribbon of the Imperial Order of Rc-Uniun. 
And, it may be added, who, after having given him during 
hii life the most unequivocal proijfs of the highest esteem, 
has since, says M* Dclambre, done more for bis widow 
and bis brotlier, (ban Frederick had done for him all the 
lime he was director of his academy. 

He had been ambitious neither nl riches nor honour; but 
he had received both with respectful gratitude, and lie re¬ 
joiced at the acquisition for the glory of the sciences. He 
, bad not lost all hope of cure; he believed only that his 
convalesccnpc would be long. He offered, when lie reco- 


i verod his urciy^xh, lo go and <tii.c ut M l^i(< p^ch i couii- 
i li) -house, wiili MM. Slonge ;imi Ch;>ptal, aij<i proposed 

> to give them dii iilb rcsiuxiing lii> lile, which could no 

? where else be During tlii> CfUiver^alion, uJjich 

► asleil more than ino honr^, hia nicinoiv < lien Jailed bun; 

: he made vain <trorl> to recover riHmes and date?, hui his 
. discourbe wasalwajs connected, full of strong ihou<»ht 5 

and bold expressions. 'I his exercise ofhis l.tculiics waited 
the whole remains of liis stienjih. Scarcely Ijad his 
friendi left him, when he Jell into a fainting tit, sind he 
died two days after, on the lOth of Apnl, 181.3. 

l^igrange was ol a delicate but good constuuiion. His 
tranquillity, his modcraiion, and an austere ami frugal 
regimen, from which he rarely deviated, prolonged hh 
life lo the ago of 76 years, 4 months, and 15 days lie- 
wab twice mairied : rirst at Berlin, for the purpose of 
being on a fooling with the rest of the academicians, none 
ol whom Were bachelors. He afterwards married, in 
Franc*', Mademoiselle Lemonnicr, daughter of the cele¬ 
brated astronomer of that name. The counie:>$ Lagrange, 
dnujhter, grand-daughter, and niece, of members of the 
Academy of Sciences, was deserving of the name which 
he gave her. 'I'his advantage, in her eyes, made up for 
the differ* nee of their ages, and she soon felt for him the 
tenderest regard. He was so grateful that he could 
scarcely bear lo be separated fnnn her, and it was on 
her account alone that he felt ony regret at relinquishing 
life, 

'rhougli lie had a venerable figure, indicating his excel¬ 
lent characteristics, he would never allow his pf^rtrait to 
be draw 11* More than imce, by a very excusable piece of 
address, persons have h*vn introduced during the meeting 
of the Institute to take a sketch of him witlioiit his know- 
lerlgc.—Gentle* and oven timid in conven>riii«m, he took a 
ph astir** ill asking *jucst»ons, cilhix to draw out others, or 
to add their lefiectmns to his ow n vast kiiowIe<lge. When 
he spoke, it vta?> always in u tone *»f doubt, and his fint 
words usually were, 1 do not know." He respected the 
*)piiiious of others, and was very hir from laying down his 
own as a rule. Yet it was not easy lo make him change 
them. Sometimes he even defended them with ti d*'gree 
of beat'which continued to increase (ill he was sensible of 
some alteration in himself; he (hen immediately resumed 
his usual tranquillity. 

Among the in us ter-pieces which the world owes to his 
genius, his Mecanique is the most remarkable and the 
most important. His Functions Armlytiques hold only 
the second place, notwithstanding the capability of the 
principal idea, and the beauty of (he developemerus. A no* 
iRtioii h*ss commodious, and calculations more embarrass., 
ing, though more Juminous, will prevent niuthemuticiaos 
from employing, except in difficult and doubtful easels his 
symbols and names. It is sufRcient that ho has proved 
the legitimacy of the more o.xpeditious pnxesses of tho 
differential amt integral calculus, and he hiis himself fol¬ 
lowed the ordinary notation in the second edition of his 
Mecanique. This great work is entirely founded on tho 
calculus of variations, of which he was the inventor. The 
whole flows from a single formula, and from a principle 
known before his time but the utility of it was for froox 
being suspected. This sublime compusilion includes all 
his preceding labours which could be connected with it. 

It is distinguished likewise by the philosophical spirit 
whfch reigns from one end of it to the other. The geo¬ 
metrical law of the celestial motions arc deduced from 
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.simple mecbanical and analytical con<^idorations. From 
tbo^rC problem?, '^hich serve to anj^lysc the true system of 
the world, the author passes to rpicsstmns more diflicult 
and complicated, which show the extent of his rcsouixes. 
We see there his uew theory of the variations of arbitrary 
constant riuantilies in il)C motion of the planets, which so 
imich di'^tin^uishe^^ tlic Memoirs of the Institute, where it 
proved that the author, at the age of 75, had tjot sutik 
from the rank wliicli lie liud hlled during so long a period 
in the opinitm of all mathematicians. 

Finally, it is remarked, that Lci^range was successively 
the founder of the Academy of'Fiirin, director during CO 
years't)f the Berlin Aca<lcmy, foreign assticiale ol the Aca¬ 
demy of Sciences of Paris, member of the Imperial Insii^ 
tutc, and of the Board of Longitude; and he was besides, 
senator ami count of the empire, gran<l olhctT of the La*- 
gion of Honour, and Grand Cross of the Imperial Order of 
Hc^Union. 

Abridged from Delambre*s Elo2c of Lagrange. 

LAKL, a collection of water, inclosed in the cavity of 
some inland place, of a considerable extent and depth ; 
as the lake of Geneva, &c. 

LALANDL (Joseph Jkrome le PaAN^Aia de), an 
eminent professor of astronomy in the collegi* of France, 
was born at Uourg, in the tlcpartment of FAin, July II, 
1732, and he died at Paris, April 4, 1807> in the 75th 
year of his age. Me was intended for the bar, and went to 
Paris for the study of Jurisprudence, when the view of the 
observatory inspired him with notions which deranged his 
former plan, and became the ruling passion of his life. 
He was kindly received by the celebrated astronomer Ic 
Monnicr, by whose lessons he made such a rapid advance, 
that at the age of 19 he was nominated commissioner 
from the Academy of Sciences, to go to Berlin, to deter¬ 
mine the parallax of the moon^ while M. Lacaillc was to 
perform the same operation at the Cape of Good-Hope. 
Soon after his return, he was appointed a member of the 
Academy of Sciences; from which time, every volume of 
their Memoirs contained some of his coinposilionst which 
were not limited to astronomical observations. He pub¬ 
lished the French edition of Halley's Tables^ and the his¬ 
tory of the comet of 1759* besides furnishing Clairaut 
with many calculations for the theory of the same. Being 
charged in 1760 with the compilation of the Connoissance 
des Temps, ho quite changed the form of the work, giving 
it that which it bears at present; of which collection, lie 
edited the 32 volumes from 1775 to 1807* 

In 176*4 appeared the fxvht edition of his great work, 
the Traite Astronomique, a clussicnl work, which he has 
since perfected, in 4 vuls 4to. He composed all the 
astronomical articles for the Yverdun Encyclopedia, and 
now cast the whole for the Encyclopedic Methodiquo. 

To bis written instructions ho joined, during 46 years, 
oral lessons, in 1761 he succeeded Delillc iathe astro¬ 
nomical chair at the college of France. In the midst of 
his labours, he drew up bis Voyage d'ltalie, his Truiti 
des Canaux, and his Bibliographic Astronomique, a vast 
catalogue of all the works which have appeared on this 
science. In 1802, M. Lalande publisbed the latter part 
of the new edition of Montucla^s History of Mathematics, 
in 4 vols 4to; most of the last two volumes being prepa-* 
red from Mtmtuclu^s papers, with the assistance of La¬ 
place, Lacroix, and other mathematicions. 

In the year 1793i ho published Abr4g4 de Navigation, 
containing many valuable rules and tables. The Connois- 


sance des Temps, from the year 7 to 12, or 1799 (o 1804 
contains his new' catalogue of more than 12,000 stan. 

A few years before his death, viz, in 1802, he publisheil 
a small ct^lleciion for the pocket, of Tables of Logarithms, 
Sines, and Tangents, on the plan of Lacaillc, but much 
infi iior. /Mid during the laller years of his lifr, he pub¬ 
lished aimually a concise history of astronomy for the 
current year, which exhibited a summary of the most rc- 
niurkable facts, discoveries, and inventions connected with 
the subj< ct. 

Lalamle was ceilainly an excellent astronomer, and an 
active promoter of that science; but he had very little 
taste, and a very confined knowledge^of mathematics 
in genera I. He considered himself, however, as the father 
of the inathcmntical sciences generally, anti at bis death, 
he tuunded the prize cd' a medal, which the Institute an* 
nually awards to the author of the best astronouiical me¬ 
moir, or the maker of the most curious observatrbns« To 
the c.xtraordinary ardour and activity of his chnracier, he 
united a lOve fur truth that approached the borders of 
fanaticism. To him every degree of concealment appear¬ 
ed unwortliy of an honest man; and he therefore, without 
any reserve, uttered whatever might be his sentimcnis on 
all occasions. I'lic high consideration which he obtained, 
would probably, with prudence and circumspection, have 
secured him an enviable respect to the end of his days: 
hut the habit of speaking his mind, which he did not re¬ 
frain from in the most stormy times, and on topics when 
he might, and indeed ought to have been silent, together 
with his bluntncss in somctniu*s opposing the e>tublished 
systems of others, animated against him a crowd oi detrac¬ 
tors and enemies. His long and durable services in mat¬ 
ters of sciciKc, were’ thus in a measure forgotten or ne¬ 
glected, in the Contemplation of Ids dangerous specula¬ 
tions, and of the imprudent zeal with which be promul¬ 
gated his opinions. 

By liii will, M. Lalande ordered his body to be dis¬ 
sected, and the skeleton to be placed in the Museum of 
Natural History. His relations however, regardless of 
the injunction, caused the body to be interred a iew days 
after his death; on which occasion, the funeral was aU 
tended by the members of the National Institute. 

LAMBERT (Jon K HENnY),ancmincnt mathematician, 
was a native of Mulhausen, in Alsace, where lie was bom, 
April 28, 1728. His education was rather confined, but ho 
gave early indications of genius. At a very early period, he 
invented an arithmetical machine, a mercurial pendulum 
(hat*vibratcd for 27 minutes, arithmetical scales, and a 
machine for drawing in perspective. From 1748 to ifsSf 
he was employee) as tutor to the grandsons of M. le comto 
do Sails, at Coirc. In 1757* the tutor and his pupils bad 
passed the year in Holland, and be there publfshed his 
treatise on the passage of Light* They afterwards In- 
veiled to Paris, where he was introduced (0 Dalembert, 
In 1750, bo published his Perspective at Zurich. From 
1753 to 1760, he had sovcrul pieces published in the Acta 
Helvetica. In 1759,his Photometry was printed at Au^ 
burg. In 1760, be collected the diflerent pieces, still in 
a fugitive slate, of his Novum Oi^duib; but which was 
not published till, 1764* In 17ol, his treatise on thu 
Properliei of the Orbits of Comets was printed at Augs* 
burg. Me was admitted a pensiemer of the Berlin Aca* 
demy in 1765; from which time, to his death, in ITTTs 
be furnished many merooin for the several volumes of 
that academy.—The scientific knowledge of this gentleman 
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was very considerable; and he had great independence of 
mind, with a Very warm and vivid imagination. 

L.AMMAS-'Da Y, the 1st of August; so called, accord¬ 
ing to some, because lambs then grow out of season, as 
being too large. Others derive it Irom a Saxon word, sig. 
iiif)dhg loaf-fuass, because on that day our forefalbcrs 
made an offering of bread prepared with new wheat, it i> 
celebrated by the Hoinish church in memory of St. Peter s 
imprisonment. 

i.AMPiisl)l AS, a kind of bearded comet, re>embling a 
burning lamp, being of several shapes; fur sometimes its 
flame or blaze runs tapering upwards like a sword, and 
sometimes it is double or treble pointed. 

LAN'DKN (John), an t-miiu-ni maihemalicinn, was 
born at Peakiik. neJir Peterborough in Northamptonshire, 
ill January 1/ jy. He became very early a proficient in 
the nmthematics, for ivc lind him a very respectable con¬ 
tributor to the Ladies' Diary iii 1/44; aiuPhc was soon 
among the furemost of those who then cuiitiibutcd to the 
support of that small but valuable publication, in which 
almost every English inathcmatician, who lias urriied at 
any decree oftminence for the best part of that century, 
has contended for fame alone lime or other of his life. Mr. 
Landen continued his contributions to it at limes, under 
various signatures, till witbiii a few years of his death. 

It has been fn quenily observed, tliat the histories of li- 
Urrary nu n consist chiefly of the history of their writings ; 
and the observation was never more fully verified, than in 
the present article concerning Mr. Landen. 

In the 48tb volume <il the Philosophical Transactions, 
for the year .754, Mr. Landen gave An investigation of 
some theonins which suggest several very remaikable 
propertn s of the Circle, and are at the same lime of con¬ 
siderable tiM- in resolving fractions, the denominators of 
which are certiim multinoiniuls, into more simple ones, and 
by that means taciMlate the conipuiution of fluents. 

In the year 1755, he published a v«dume of about l(JO 
pages, entitled Mathemuiical Lucubrati«in8. I’he title to 
this publication was made choice of, as a means of inform¬ 
ing the world, (hat ibcstutly oftbemiitheiimiics was at that 
time rather the pursuit of his leisure hours, than his prin¬ 
cipal employment: and indeed it- continued to be so, dur¬ 
ing the greatest part of his life; fur about the year 1762 he 
was appointed agent to Earl Fitzwillram, an employment 
which he resigned only two years before his death. These 
lucubrations contain a variety of tracts relative to the rec¬ 
tification of curve lines, the summation of scries, the find¬ 
ing of fluents, and many other points in the higher parts of 
the roatliemaiics. 

About the latter end of the year 1757, or the beginning 
of I758i he published proposals fur printing by subscrip¬ 
tion The llesidua) Analysis, a new branch of the algebraic 
art: and in 175S lie {rublislivd a small tract, entitled A 
Discourse on the Residual Analysis; in which he resolved 
a variety of problems, to which ihu method of fluxions had 
usually been applied, by a mudeuf reasoning eiilin-ly new: 
ho also compared these solutions with others derived from 
tbii fluxiunnry method; and showed that the solutions by 
Jiis new method were commonly more natural and elegant 
than the fluxinnary ones. 

In the 51st volume of the Philosophical Transaclions, for 
the year 176'0, he gave a new inetbpd of computing the 
sums of a great number of infinite series. 

In 1764, be published tho first book of The Residual 
Analysis. In this treatise, besides explaining the prin- 
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Cjplcs «l.icli his new analysis was founded on, he applied 
It, in a variety ot problems, to drawing tangents, ami find¬ 
ing the properties of curse l-ncs; to describing their in¬ 
volutes and evolutes, finding the radius of curvature, their 
grcalcst and ordinates* and points of contrary flexure • 

to the determination of ib.ir cusps, and the drawin'r of 
asymptotes; and he proposed, m a second book, toexund 
the application of tliis new an.Jysis to a great variety of 
mechanical and physical subjects. The papers which vvere 
10 have formed this book lay long by him; but he never 
found leisure to put them in order for the pre.ss. 

In the year l/O'G, Mr. Landen was elected a Fellow of 
the Loyal Society. And in the 58th volume of the Philo¬ 
sophical 1 raiisactions, for the year I76S, he gave a spe¬ 
cimen of a new method of comparing curvilinear nreju; 
by means ot which many areas arc compared, that did not 
appear to be comparable by any oth-r nietho.l: a circum¬ 
stance of.no small importance in that part of natural nhi- 
losopliy which relates to the doctrine of motion. 

In the both volume of the same work, for the year 1770 
be gave some new theorems for computing the whole areas 
of curve lines, where* the ordinates ore expressed by frac¬ 
tions of a certain form, in a more concise and elegant man¬ 
ner than had been done by Cotes, De Moivre, a'lid others 
who had considrre<i the subject before him. 

In the 6lst volume, for 177L he has investigated se¬ 
veral new and -useful theorems for Computing certain 
fluents, which arc assignable by arcs of the conic sections; 
a subject wlilch had bi-en consideri*d before, bi>th by Mac- 
lauriij and Dalembert; but MMne of the theorems that 
were given by these celebrated mulheiimlicians, being in 
part express»*d by the diflerence between an iiyperbolic 
arc and its tangent, and that differeiitf bv*ing not ilirectly 
attainable when the arc and its tangent both become in¬ 
finite, as they uill do when the whole tluciu is wanted, 
though such fluent be finit.-; these theorems therefore; fail 
in such cases,and thecomputation becomes impracticable 
without further help. This defect Mr. lainden removed, 
by a'signiiig the limit of thedifl'erenct* between tho hyper¬ 
bolic arc and its tangent, while tho point of contact is sup¬ 
posed to bt* removed to an infinite distance from the ver¬ 
tex of the curve. Anil he concludes paper by stating 
a curious and remarkable property relating to pendulous 
bodies, which is deducibic from those theorems. In the 
same year he published Aiiimadvenrions on Dr. Stewart’s 
Computation of the Sun’s Distance from the Earth. 

In the 65th volume of the Philosophical 'I’ransaciions, 
for 1775, hu gave the investigation of a general theorem, 
whiclj he had promised in 1771, for finding the length of 
any curve Of a conic hyperbola by means of two elliptic 
arcs: and he observes, that by the theorems there inv^ti- 
gated, both tho elastic curve and the curve of equable re¬ 
cess from a given point, may be constructed in those cases 
where Maclaurin's elegant method fails. 

In the 67lh volume, for 1777, he gave a new theory of 
the motion of Jiodies revolving about un axis in free 
space, when that motion is disturbed by some extraneous 
force, either percussive or accelerative. At this time ho 
did not know that the subject had been treated by any per¬ 
son before him, and he considered only the motion of a 
sphere, spheroid, and cylinder. After the publication of 
this paper however he was informed, that the doctrine of 
rotatory motion had been considered by Dalembert; and 
on procuring that author's Opuscules Mathematiques, -he 
there Icanicd that Dalerobcrt was not the only onoirbo 
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Imd the hcforc liim; for Dalciubcrt 

(Iktv* speaks of a juatijcnkaiician, thou^li he does not men¬ 
tion his nmne, who, alter reading what had been wrilten on 
the subject, tluiilMetl wlK*thei there could be any solid 
uhalover, besides iIjc splioie, in winch any line, passing 
tluoiigh iheCi ritre of gravity, will be a permanent axis of 
loiatiuiu In conse(|Uence of this, Mr. l^mden t<iok up 
the sul>ject again; and tlnmgh he did not then give a so* 
lilt ion to the general problem, viz, to determine the mo¬ 
tions of a body of any form whatever, revolving without 
lo^tfaint about any axis passing througli Us centre of 
gravity/' he fully removed eveiy doubt of the kind which 
had been started by the person alluded to by Dalembert, 
and pointed out several bodies which, under certain di* 
men:^ion\ have that remarkable property. 'Miis paper is 
^lvon, among many otliers cf[uall) curious, in a volume of 
Memoirs, w hich he published in llu'year 1780. That vo¬ 
lume is also enriclied with a very extensive appendix, con¬ 
taining th< fireins for the calculation of fluents ; which are 
more complete and extensive than those tliat are found in 
any author bi fore him. 

in l/hl, 178*2, and 1783, he published three small 
tracts on tlie sumt4iati'on of converging series ; in which 
he explained and showed the extent of some theorems 
which lia<l beeiigi\en for tliat purpose by Dc Moivre, Stir* 
ling, and his old friend 'riiotnas Simpsnn, in answer to 
some things wliicli he thought had been written injurious 
to the fame of those excellent ituUhematician'^. It wastlic 
opinion of some, that Mr. L;<ndrii did not show ma¬ 
thematical skill in explaining and illtistniling these theo¬ 
rems, than he has dime in liis writings on oiiginal sub* 
Jects; and that the authors of them were as little aware 
of the extent of their own theorems, as the rest of the 
world were, before Mr. Landeifs ingenuity made it obvious 
to ail. 

About the beginning of the year 1782, Mr. Landeu had 
made such improvements in his theory of rotator} motion, 
as enabled him, ho thought, tu give a solution of the ge¬ 
neral problem ineiUioned above; but finding (he result of 
it to ditTer very materially from the rt^ult of the solution 
which had been given of it by Dalembert, and not being 
able tu see clearly where that gentleman in his opinion had 
erred, ho did not venture to make his own solution public. 
In the course of that year, however, having procured the 
Memoirs of the Berlin Academy for 1757i which contain 
M. Euler's solution of Uio problem, he found that this 
gentleman’s solution gave the same result ns hod been de¬ 
duced by Dalembert; but the perspicuity of Kuler^s man* 
nor of writing enabled him to discover where he had dif¬ 
fered from his own, which the obscurity of the other did 
not do. The agreement, however, of two writen of such 
established reputation ns Euler and Dalembert made him 
long dubious of the truth of his own solution', and induced 
him to revise the process again and again with the utmost 
circumspection; and being every time n)orb/.c4»nbinced 
that his own solution was right, and their» wrong, he at 
length gave it to the public, in the 75th volumeof the Phi¬ 
losophical Transactions, for 1785. 

The extreme difhculty of the subject, joined to the con¬ 
cise manner in which Mr. Landcn had been obliged* to 
give bis solution, to cuntine it within proper limits for the 
Transactions, rendered it too diflicuU, or at least too la* 
borious a task for most mathematicians to read it; and 
this circumstance, joined to the established reputation of 
Euler and Dalembert, induced many to think that their 


solution was right, and Mr. Landcn s wrong; and there 
did not want attempts to prove it; particulartya long and 
ingenious pajier by the learned Mr. Wildbore, a gentle¬ 
man of very distinguished talents and experience in such 
calculations: this paper is given in tlio 80th volume of the 
rhih»3opbical IVansactions, for the year 1790, in which he 
agrec's with llic solutiojis of Luler and Dalembert, and 
against that <»f Mr. Landcn. This determined the latter 
to revise and extend his solution, and give it at greater 
U nglh, to render it more generally understood. About 
this time aUo h- met by chance with the laic Frjsi’sCos- 
mugmpliia* Phy^ica? et Mathematical; in the second part 
of which there is u solution of (his problem, agreeing in 
the nsult with those of Euler and Dalembert. Here hir. 
Liiiidcn h'Hrned that Euler had revised (he solution which 
he hail given fnrmerly in the Berlin Memoirs, and given it 
another form, and at greater length, in a volume published 
ui Kostoch bud Gryphiswald in 1703, entitled, Theoria 
Motus Corpoium Solidorum seu Rigidorum. Having 
therftorr procured (his book, Mr.Landen found the same 
principles «inploycd in it, and of course the same conclu* 
>ion r4*sultin^ trom (hem, as in M. Euler s former solutiou 
of the problem. But notwitlislanding (hat there were 
ihus H eoiiiciileiice of at Ica'^t four must respectable ma* 
themHiicians against him, Mr Landcn was still persuaded 
of the truth of his own solution, and prepared, to defend 
it. And us he wu» convinced ot the iieceHsity of explain* 
ing his ideas on the subject more fully, so he now found it 
necesNury to lose no time m setting dbout it lie bud for 
Severn I years hwn severely afflicted with the stone in the 
bladder, and towards ihi latter part o| his life to such a 
degree us to be confim d to his beil lor moic than a month 
at u time: }et even (his dreudlul nisordu did not ex* 
tinguish his ardemr for mHilit iuHtiCHl sttidu^; lor the se¬ 
cond volume 4if his Memoir-i lately puhlislu n, was wrilten 
and revised diinng the intervaU of liis oisuroer. Th}% vo* 
lumc, besides a solution ol the geneiul piobh an concerning 
rotatory motion, contains the resolution of the problem 
relating to the motion of a (op; waih an invisugation of 
the motion of ilie equinoxes* in which Mr. Lunden haa 
first of any one pointed out the cause ot Sir Isaac New* 
tim’s mistake in his solution of this celebrated problem; 
and some other papers of t'onsidorablo impurlunvc. Ho just 
lived to see this work flnishetl, and received a copy of it 
the day before his death,which happened oivthc I5th of 
January 179^>^^ Milton, near Peterborough, in the 7Dt 
year of his age. 

L.4NTERN (Magic). See Magic Latumi^ 

LARBOARD, (be tof)*hand side of a ship, when a per¬ 
son stands with his face towards the head. 

LARMIER, in Architecture, aflat square member of 
the cornice bidow the cimasium, and jots out farthest; 
being so called from its use, which is to disperse the wa-' 
ter, and cause it to fall at a distance from the wall, drop 
* by drop, orj as U were, by tears; larme in French signi¬ 
fying a tear. i 

LATEN r//co/, is that which is insensible, inactive,dor¬ 
mant, &c» 

LATERAL Equation, in Algebra, is the same with 
simple equation. It has but one root, and may be con¬ 
structed by right lines only. 

LATITUDE, in Geography, or Navigation,the distance 
of a place from tho equator; or an arch of the meridian^ 
intercepted between its acoith and the equator. Hence the 
latitude is cither north or south, according as the place is 
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on the nortii or south side of the equator: thus London is 
said to be in 61° 31' of north latitude. Circles parallel to 
the equator are called parulUU <if laUtuJe, because they 
show the latitudes of places by their intersections with the 
meridian. The latitude of a place is equal to the elevation 
of the pole above the horizon of the place; and hence 
these two terms arc used indifferently for each other 
This will be evident from the ligure, 
where the circle ziiqp is the meri¬ 
dian, z the zenith of the place, no 
the horizon, eq the equator, and p 
the pole, then is ze the latitude, 
and po the elevation of the pole 
above the horizon. And because 
PE = zo, being each a quadrantal 
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. arc, if the common part pz be taken from both, there will 

remain the latitude ze =: Po the elevation of the pole._ 

Hence wc have a method of measuring the circumference 
of the earth, or of determining the quantity of a ilegree on 
its surface; for by measuring directly northward or south¬ 
ward, till the pole be one degree higher or lower, we 
have the number of miles in a degree of a great circle on 
the surface of the earth; and consequently multiplying 
that by 360, will give the number of miles round the 
whole circumference of the earth. The knowledge of the 
latitude of the place, is of the utmost consequence, in <^o- 
graphy, navigation, and astronomy; it may be proper 
therefore to lay down some of the b«i modes of determin¬ 
ing it, both by sea and land. 

1 st. One method is, to find the height of the pole, to 
which the latitude is equal, by means of the pole star, or 
any other circumpolar stor, thus : Either draw a true me¬ 
ridian line, or find the times when the star is on the meri¬ 
dian, both above and below the pole; then at these times, 
with a quadrant, or other fit inslrurocut, lake the altitudes 
of the star ; or take the same when the star comes upon 
your meridian line; which will be the greatest and least 
altitude of the star: then shall half the sum of the two bu 

the elevation of the pole, or the latitude sought_For, if 

abc be the path of the star about the pole p, z the zenith, 
and HO the horizon: then is oo the altitude of the star 
upon the meridian when above the pole, and co the same 
when below the pole; hence, because ap = cp, therefore 
oo -H CO = 2op, hence the height of the pole op, or lati¬ 
tude of z, is equal to half the sum of oo and co. 

2d. A second method is by means of the declination of 
the sun, ord star, and one meridian altitude of the same, 
thus: Having with a quadrant, or other instrument, ob¬ 
served the zenith distance zd of the luminary; or else its 
altitude iid, and taken its complement zd; then to this 
zenith distance, add the declination dz when the luminary 
and place arc on the same side of the equator, or subtract 
it when on different sides, and the sum or dificrciicc will 
be the latitude ez sought. Dut note, that all altitudes 
observed, must he corrected for refraction and the dip of 
the' horizon, and for the semidiameter of the sun, when 
that is the juminary observed. 

Many other methods of observing and computing the 
latitude may be seen in Robertson's Navigation; see bpok 
6 and book 9- See also the Nautical Almanac for 1771 ; 
and Mr.' Brinkley's tables and rules for the same purpose, 
in the Nautical Almanac for the year 1797. Mr. Richard 
Graham contrived an ingenious instrument for taking the 
latitude of a place at any time of the day. Seo Philos. 
Trans. No. 436, or my Abr. vol. 7. pa. 673* 

VoL. I. 


Latitude, in Astronomy, as of a star or planet, is iu 
distance from the ecliptic, being an arch of a circle of 
Jatitude, reckoned from theecliptic towards its pol«*s, either 
nonh or south. Hence, the astronomical latitude is quite 
different from the geographical, the former measuring 
from the ecliptic, and the latter from the equator, so that 
this latter answers to the declination in astronomy, which 
measures from the equinoctial. The sun has no latitude, 
being ahvays in theecliptic; but all the stars have their 
several latitudes, and^lbeplanets are continually changing 
their latitudes, sometimes northand sometimes south, cro^ 
sing the ecliptic from the one side to the other ; the points 
in which they cross the ecliptic being called thenodes of the 
the planet, and in these points it is that they may appear to 
pass over the face of the sun, or behind bis body, v.z, when 
they come both to ibis point of the ecliptic at the same lime. 

C.rc c of LATiTupE, is a great circle passing through 
he poles of the ecliptic, and consequently perpendicular 
to It, as the meridians arc perpendicular to the equator 
and pass through its poles. ' 

Latitude, qf tht Moon, North ascaidingyis when she 
proceeds from the ascending node towards her northern 
limit, or greatest elongation. 

Latitude, iVbr/A descending, is when the moon returns 
from her northern limit towards the descending>node. 

Latitude, South desccnding,is when she proceeds from 
the descending node towards her southern limit. ’ 

. Latitude, SouiA osccnffing, is when she returns from 
her southern limit towards her ascending node. And the 
same is to be understood of the planets. 

//f/ioera/ric Latitude of a planet, is its latitude, or 
distance fr6m the ecliptic, such as it would appear from 
the sun.—This, when the planet comes to the same 
point of Its orbit, is always the same, oV unchangeable. 

Geocenrne Latitude of a planet, is its latitude as seen 
from tlj^c earth—This, though the planet be in the same 
point of Its orbit, is not always the same, but alters ac¬ 
cording to the position of the earth, in respect to the 
planet. 'The latitude of a star is altered only by the aber¬ 
ration of light, and the secular variation of latitude. 
Difference of Latitude, is an arc of the meridian, or 
• the nearest distance between the parallels of latitude of 
two places. When the two latitudes arc of the same name, 
cither both north or both south, subtract the less latitude 
from the greater, to give the difference of latitude; but 
%vhcn they are of different names, add them together for 
the difference of latitude. 

Middle Latitude, is the middle point between two la¬ 
titudes or places; and is found by taking half the sum of 
the two. 

Paradox Latitude. Sec Parallax. 

, Refraction <ifl*Kt\tMr>z. See Refraction. 

LATUS Rectu >i, in Conic Sections, the same with pa- 
rameter; winch see. 

Latus Tra^uxenum, of the hyperbola, 
is the right line between the vertices of 
the two opposite sections r or that part 
of their common axis lying between the 
two opposite cones; as the line de. . It 
is the same os the transverse axis of the 
hyperbola, or opposite hyperbolas. 

Latus Primarium, a right line, DD,or 
EE, drawn through the vertex of the sec¬ 
tion of a cone, within the same, and pa¬ 
rallel to the base. 

4 V 
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LEAGUtJ, an extent of three miles in kngtii. A nao- 
lical league, or three nautical miles, is the 20th part of a 
degree of a great circle. 

LEAF-Year, the same as Bissextile ; which sec. It 
IS so called from its leaping aday more that year than in a 
common year; consisting of 366 days, and a common 
year only of 365. This happens every 4th year, except 
only such complete centuries as nre nut exactly divisible 
by 4; such as the 17th, 18th, l£)th, 2Ist &c, centuries, 
because 17> 1S> 19, 21, &C, cannot be divided by 4with* 
out a remainder. 

To find Leap-Year, ifc. Divide the number of the year 
by 4; then it 0 remain, it is lcup*ycar; but if 1, 2, or3 
remain, it is so many after leap-year. Or the rule is 
sometimes thus e.xpresscd, in these two memorial verses: 
Divide by 4; what’s Icfl shall be. 

For leap-year 0 ; for past 1, .2, or 3. 

Thus if It be required to know what year 1814 is: 

then 4) 1814 ( 453 

2 remains: 

so that 2 remaining, shows that 1814 is the 2d year after 
leap-year. And to find what year 1816 is: 

then 4 ) 1816 (454 

here 0 remaining, shows tliut 1816 is a leap-year. 

LEE, a term in Navigation, signifying that side, or 
quarter, which is from the wind. 

Lee-Way, of a ship, is the angle made by the point of 
the compass stccn-d on, and the real line of the ship’s way, 
occasioned hy contrary winds and a rough sea. Allships 
are apt to make some lue-way ; so that something must be 
allowed tor it, in casting U|) the log-board. But the lee¬ 
way made by diflcrcnt ships, under similar circumstances 
ofwinil and sails, is ditferent; and even the same ship, with 
ditfcreni lading, and having more or less sail set, will 
have or less lee-way. I'he usual allowances for it 
ore these, ns tlu-y were given by Mr. John Buckler, to 
the lute ingenious Mr. William Jones, who first published 
tlicm in 1702 in liis Compendium of Practical Navigation. 
1st, When a ship is c1ok‘ hauled, has all her sails set, the 
sea smooth, and n moderate gale of wind, it is then sup¬ 
posed she makes little or no lee-way. 2d, Allow 1 point, 
when it blows so fresh that the small sails are taken in. 
3(1, Allow 2 points, when the top-sail must be close reefed. 
4tli, Allow 2^ points, when one topsail must be handed. 
5th, Allow 34^ points, when both topsails must be taken 
in. 6th, Allow 4 points, when the fore-course is handed. 
7(h, Allow 6 points, when trying under ihc mainsail only. 
Stb, Allow 6 points, when both main and fore-course's 
arc,taken in. 9th, Allow 7 points, when the ship tries a 
hull, or with all sails handed. 

When the wind hat blown hard in either quarter, and 
shifts across the mcridion into the next quarter, the lee¬ 
way will be lessened. But in all these eases, respect must 
be had to the roughness of the sea, and the trim of the 
ship. And hence the mariner will be able to correct bis 
course. 

l^EGS, qf a TriangU, When one side of a triangle is 
taken as the base, the other two arc sometimes called the 
legs. The term is more frequently used for the base and 
perpendicular of a right-angled triangle, or the two sides 
about the right angle. 

Hyperbolic Legs, arc the parts of a curve line that par¬ 
take of ihc nature of tbc hyperbola, or having asymptotes. 

LEIBNITZ (Godfrey-Williasi), an eminent metho- 
matician and philosopher, was born at Leipsic in Saxony 


in 1646. At the age of 15, he applied himself to the 
study of the mathematics at Leipsic and Jena; and in |663 
maintained a theuis De Principiis individuationis. The 
year following he was admitted master of arts. He read 
with great attention the Greek philosophers; and endea¬ 
voured to reconcile Plato with Aristotle, as he afterwards 
did Aristotle with Descartes. But the study of the law 
was bis principal view ; in which faculty he was admitted 
bachelor in 1665. The year following he would have 
taken the degree of doctor; but was refused it on pretence 
that he was too young, though in reality because he bad 
raised himself several enemies by rejecting the principles of 
Aristotle and the schoolmen. On this ho repaired to 
Allorf, where he maintained a thesis De Casibos Per- 
plexis, with such applause, (hat be had the degree of doc¬ 
tor conferred on him. 

In 1672 he went to Paris, to manage some affairsat the 
French court forthc baron Boinebourg. Here he became 
acquainted with all tbc literati, and made farther and 
considerable progress in the study of mathematics and 
philosophy, chiefly, as he says, by the works of Pascal, 
Gregory St. Vincent, and Huygens. In this course, hav¬ 
ing observed the impertcclion of Pascal’s arithmetical ma¬ 
chine. he invented a new one, as hecalled it, which was 
approved of by the minister Colbert, and the Academy of 
Sciences, in which he was offered a scat as a incinber, but 
refused the offers made to him, as it would have been ne¬ 
cessary to embrace the Catholic n ligion. 

In 1673 he came over to England; where he became 
acquainted with Mr. Oldenburg, secretary of the Royal 
Society, and Mr. John Collins, a distinguished member 
of the Society ; from whom it seems be received some 
hints of the method of fluxions, \vhich had been invented, 
in 1664 or 1665, by the then Mr. Isaac Newton, which 
probably laid the foundation of his Differential Calculus. 
The same year he returned to France, where ho resided till 
1676, when he again passed through England and Hol.< 
land, in bis journey to Hanover, where he proposed to 
settle. 

In 1700 he was adniUted a member of the Royal Aca¬ 
demy of Sciences at Paris: end in the same year the 
cicctorof Brandenburg, aRcrwards king of Prussia, founded 
an academy at Berlin by his advice; of which, he was 
appuintcrtl perpetual president, though his affairs would 
not permit him to reside constantly nt that place. Besides 
the ofliccof privy counsellor of justice, which the elector 
of Hanover had given him, the emperor appointed him, 
in 1711, Rulic counsellor; and tbc caar made him privy 
counsellor of justice, with a pension of 1000 ducats. 
Lcibnita undertook at the same time to csteblisb an aca¬ 
demy of sciences at Vienna; but the plague prevented the 
execution of it. However, the emperor, as a mark of his 
favour, settled a pension on him of 2000 florins, and pro¬ 
mised him one of 4000 if be would come and reside at 
Vienna; an offer he was inclined to comply with, but 
was prevented by his death. 

The elector of Hanover being raised to the throne of 
Great Britain, Lcibnita visited that place the latter end of 
1714, when he received particular marks of friendship 
from the king, and was frequently at court. He now was 
engaged in a dispute with Dr. Samuel Clarke, on the sub¬ 
jects of free will, tho rcftlity of space, and other philosc^ 
phical subjects; which was conducted with great candour 
and learning; and the papers^ that were published by 
Clarke, will ever be esteemed by man of genius and feam- 
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ing. The controversy ended only with the death of Leib¬ 
nitz, Nov. 14, 1716, which was occasioned by the gout and 
stone, in the 70th year of his age. 

In person he was of a middle stature, and a thin habit 
of body. He had a studious air, and a sweet aspect, 
though near-sighted. He was indefutigubly industrious 
to the end of his life: he ate and drank little : hunger 
alone marked the time of his meals, and his diet was plain 
and strong. He had a very good memory, and it was 
said could repeat the .^eid from beginning to end. What 
he wanted to remember, he wrote down, and never re-ad it 
afterwards. He was never married, nor ever seems to 
have entertained the idea but once, when he was about 50 
years old'; and (he lady desiring time to consider of it, 
gave him an opportunity of doing the same: he used to 
say, “ that marriage was a good thing, but a wise man 
ought to consider of it all his life.” 

Leibnitz was author of a great multitude of writings ; 
several of which were published separately, and many 
others in the memoirs of different academics. He invented 
a binary arithmetic, and many other ingenious matters. 
His claim to the invention of fluxions, has been spoken of 
under that article. Hansebius collected, with great care, 
every thing that Leibnitz had said, in different passages of 
his works, on the principles of philosophy; and formed 
of them a complete system, under the title of G. G. Leib- 
niUii Pfincipia PhilosophisB more geomctrico demon- 
strata &c, 1728, in 4to. A collection of our author's 
letters appeared in 1734 and 1735, entitled, Epis- 
tola ad diversos iheologici, juridici, medici, i»hilo- 
sophici, mathemalici, historic!, ct philologici arguroenti 
c M8S. auctoris: cum annotationibus suis primum di- 
vulgavit Christian Cortholtus. But all his works were 
collected, distributed into classes by M. Dutens, and 
published at Geneva in 0 large volumes 4to, in 1768, 
^titled, Gothofredi Guillcliui Lcibniiii Opera Om- 
nia &:c. 

Lbibnitzian Philosophy, or the philosophy of 
Leibnitz, is a system formed and published by its author 
in the last century, partly in emendation of the Cartesian, 
and portly in opposition to the Newtonian doctrine. In 
this philosophy, the author retained the Cartesian subtile 
matter, with the vortices and universal plenum ; and he 
represented the universe as a machine that should pro¬ 
ceed for ever, by the laws of mechanism, in the most per¬ 
fect state, by an absolute inviolable necessity. After 
Newton's philosophy was published, in l687, Leibnitz 
printed an essay on the celestial motions in the Act. Erud. 
1689, where he admiu the circulation of the ether with 
Descartes, and of gravity with Newton j though he has 
not reconciled these principles, nor shown how gravity 
arose from the impulse of this ether, nor how to account 
for the planetary revolutions in their respective orbits. 
His system is also defective, as it does not reconcile the 
circulation of the ether with the free motions of the comets 
in all directions, or with theobliquily of the planes of the 
planetary orbits; nor resolve other objections to which the 
hypothesis of the vortices and a plenum is liable. 

Soon after the period just mentioned, the dispute com¬ 
menced concerning the invention of the method of 
duxions, which led M. Leibnitz to take a very decided 
part in opposition to the philosophy of Newton. Froin 
the goodness and wisdom of the Deity, and his principle of 
a sufBcicnl reason, he concluded, that the universe was a 
perfect work, or the best that cohld possibly have been 


made ; and that other things, which arc evil or incomnio- 
dious, were permitted as necessary conscqucnci*s of what 
was best: that the in ate rial system» considered as a per* 
feet machine, can never full into disorder, or require to 
be set right; and to suppose that Gud interposes in it, is 
to lessen the skill of the author, and the perfection of his 
work. He expressly charges an impious tendency on the 
philosophy of Newton, because he asserts, that the fabric 
of the universe and ^course of nature could not continue 
for ever in its present stale, but in j>roces5 of time would 
require to be re-established or renewed by the hand of its 
first framer- The perfection of the universe, in conse¬ 
quence of which it is capable of continuing for ever by 
mechanical laws in its present state, led M. Leibnitz to 
distinguish between the quantity of motion and the force 
of bodies; and, while he owns, in opposition to Descartes, 
that the former varies, to maintain that the quantity of 
force is for ever the same in the universe ; and to measure 
the forces of bodies by the squares of their velocities. 

M. Leibnitz proposes two principles as the foundation 
of all our knowledge; the first; that it is impossible for a 
thing to be, and not to be at the same time, which he sa^’s 
is the foundation of speculative truth ; and secondly, that 
nothing is without a sufficient reason why it should be so, 
rather limn othenvise ; and by this principle he says we 
make a transition from abstracted truths to natural pbilo* 
Sophy* Hence he concludes that the mind is naturally 
determined, in its volitions and elections, by the greatest 
apparent good, and that it is impossible to make a choice 
between things perfectly like, which he calls Indisccmi^ 
bics; whence he infe«, that two things perfectly like 
could not have been produced even by the Deity himself: 
and one reason why he rejects a vacuum, is because the 
parts of it must be supposed perfectly like to each other. 
For the same reason too, be rejects atoms, and all similar 
parts of matter, to each of which, though divisible ad in¬ 
finitum, he ascribes a Monad (Act. Lipsis I698, pa. 435) 
or active kind of principle, endued with perception and 
appetite. The essence of substance be places in action or 
activity, or, as he expresses it, in something that is be¬ 
tween acting and the faculty of acting. He affirms that 
absolute rest is- impossible, and holds that motion, or a 
sort of nisus, is essential to all material substances, 
Kach monad he describes os representative of the whole ' 
universe from its point of sight; and yot he tells us, in one 
of bis letters, that matter is not a substance, but a sob- 
stantiatum, or phenomena bien fond4. Sec also Maclau- 
rin's View of Newton’s Philosophical Discoveries, book 1, 
chap. 4. 

LICMMA, is a term chiefly used by mathematicians, 
and signifies a proposition, previously laid down to pre¬ 
pare the way for the more easy apprehension of the de¬ 
monstration of some theorem, or the construction of some 
problem* 

LEMNISCATE, the name of a cur\c 
in the form of the figure of 8. If we call 
AP, zr; FQ, y, and the constant line ab 
or AC, a; thccquationqy = x^(a'— x'), 
or = aV — x\ expressing a line of 
the 4tb degree, will denote a lemniscate, 
having a double point in the point a. 

There may be other Icmniscates, as the eU 
lipsc of Cassini, &c; but that above defined 
is the simplest of them. 

It easily appears that this curve is quadrable. For 
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since ay = — x-), therefore the fluxion of the 

curve or yx is = — r*); the fluent of which is 

7 fl* — ^ . (fl* — x’)'’^ for the general area of the curve; 

which, when x is = «, becomes barely ^n‘= aqb. 

Ll-'-NS, a piece of glass or other transparent substance, 
having its two surfaces so formed that the rays of light, in 
passing through it, have their direction changed, and made 
to converge and tend to a point beyond the lens, or to be¬ 
come parallel alter converging or tUvciging, or lastly to 
diverge as if liiey had proceeded from a point before the 
lens. Some lenses arc convex, or thicker in the middle; 
others concave, or thinner in the middle; while others arc 
plano-convex, or plano-concave; and some again are con¬ 
vex on one side and concave on the other, w hicli are call¬ 
ed incniscuscs, llic properties of which sec under that 
word. When the particular figure is not considered, a 
lens lliat is thick<’st in the middle is called a convex lens; 
and that which is thinnest in the middle is called a con¬ 
cave lens, without lurlher distinction. These several 
forms of lenses are represented in the annexed figure: 



where a, b arc convex lenses, and c, d, e arc concave 
ones; also a is a plano-convex, n is convcxo-convex, 
c is plano-concave, r> is concavo-concave, and E is a me- 
biscus. 

In every lens, the right line perpendicular to the two 
surfaces, is called the Axis of the lens, ns f o; the points 
where the axis cuts the surface, arc called the Vertices of 
the lens; also the middle point between them is called the 
Centre; and the distance between them, the Diameter. 
Some confine lenses within the diameter of half an inch; 
and such us exceed that tluckness, they call Lenticular 
Glasses.—Lenses are either blown or ground. 

Bhxm Lenses, arc small globules of glasss, melted in 
the flame of a lamp or taper. See Micbosfope. 

Oround Lenses, arc such as arc ground or rubbed into 
the desired shape, and then polished. For a method-of 
grinding them, and description of u machine for that pur¬ 
pose, sec Philos. Trans, vol. xU. pa. 555, or my Abr. 
Tiii, 451. 

Maurolyc first delivered something relative to the nature 
of lenses; but we arc chiefly indebted to Kepler forex- 
explaining the doctrine of refraction through mediums of 
diflerent forms, the chief substance of which may be com¬ 
prehended in the cases following: 



diura, having its centre at s. When the ray arrives at a, 
it will not proceed in the same direction a<; but it will 
t>c there bent, and thrown into a direction at, nearer the 


perpendicular ae. In the same manner, another ray fall¬ 
ing on b, at an equal distance on the other side of the 
verU-x c, and parallel to the former ray da, will be re¬ 
fracted into the same point t. And it will also be found 
that all the intermc«lialp parallel rays will convei^c to the 
same point, very ne»riy. 

On the other hand, if the rays fall parallrl on the inside 
of this denser medium, as in the figure below, they wiH 

lend from the pcrpefldieularEA/; and converge to a point 
T in the air, or any rarer medium. Also the ray incident 
on B, at the same distance from the vertex c, will conreree 
to the same place t, together with all the intermediate 
parallel rays. 



Since therefore rays arc made to converge when they 
pass cither from a rarer or a denser medium terminated 
by a convex surface, and converge again when they pass 
from the same medium convex towards the rarer, a lens 
which is convex on both sides must, on both accounU, 
make parallel rays converge to a point beyond it. Thus 
the parallel rays between a and b, falling on 



the convex surface of the glass ab, would In that di.mse 
medium have converged to t ; but that medium being ter¬ 
minated by another convex surface, they will be made more 
converging, and be collectedftt someplace t, nearer to the 
lens. 



Again, to explain the cflects of a concave glass,,let ab 
be the concave side of a dense medium, the centre of con¬ 
cavity being at £. In this case, da will be refracted to¬ 
wards the perpendicular ea ; and so likewise will the ray 
incident at b ; in consequence of which they will divergo 
from one another within the dense .medium. The inter¬ 
mediate rays will also diverge more or less, as they recede 
from the axis tc ; which, being in the perpendicular, will 
go straight on. 



If the rays be parallel within the dense medium, they 
will diverge when tbe^ 'pass from thence into a rarer me- 
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diurOi tbrougli a concave surface. For the ray da will 
be refracted from the perpendicular ae, as will also the 
ray that is incident at B, together with all the intermediate 
rays, in proportion to their distance from the axis or cen¬ 
tral ray TC. 



Therefore, if a dense medium, as the glass ab, be ter¬ 
minated by two concave surfaces, parallel rays passing 
lhrou®b.it will be made to diverge by both the sides of it. 
Thus'the first surface ad will make them diverge as if 
they had come from the point t ; and with the eftect of 
the second surface added to this, they will diverge as from 
a nearer point, f. 

It was Kepler, who by these investigations first gavea clear 
explanation of the effects of lenses, in making the rays of 
a pencil of light converge or diverge. He showed that a 
plano-convex lens makes rays, that were parallel to iv& 
axis, meet at the distoucc of the diameter of tl»c sphere o f 
convexity j but that if both sides of the lens be equally 
convex, the rays will have tb9ir focus at the distance of 
the radius of the circle corresponding to that degree of 
convexity. • But he did not investigate any rule for the 
foci of lenses unequally convex. He only says, in gene- 
mi, that they will fall somewhere m the medium, between 
the foci belonging lo the two differeiitdcgrces ofconvc.xity. 
It is to Cavalcrius that we owe this invcstigntioh; who 
kid down this rule; As the sum of both the diameters is 
to one of them, so is the other to the distance of the focus. 
And it is to be noted that all these rules, concerning con¬ 
vex lenses arc applicable to those that arc concave, with 
this difference, that the focus is on the contrary side of the 
glass. See Montuck, vol. 2, pa. 170; or Priestley s Hist. 

i){ Vision, ^ \ e • t 

On this principle it was not difficult to find the foci of 

pencils of rays issuing from any point in the axis of the 
lens • since those lliat are parallel will meet in the focus; 
and if they issue from the focus, they will be parallel on 
the other side. If they issue from a point between the 
focus and the glass, they will continue to diverge after 
oassincthc lens, but less than before; while those that 
?ome from beyond the focus, will converge after passing 
the class, and will meet in a place beyqiid the opposite 
focus. This philosopher particularly observed, that rays 
which issue from twice the distance of the focus, w.l 
meet at the same distance on the other side. The most 
important of these observations have been already lUus- 
Iraied by proper figures, and from them the rest may be 
easily conceived. Utcr optical wnters have assigned 
the distances at which rays will meet, that issue from any 
other place in the axis of a Icny, but Kepler was too 
much intent upon his astronomical and other pursuits, to 
pay raudi attention lo geometry. Moiituck gives 
rowin<» rule concerning this subject: As the cxccm of the 
dUtarrec of the object from the glass, above the distance 
of the focus, is to the distance of Um focus; so is this dw- 
tancc» to the place of convcrgency bcyoiul the glass. And 


the same rule will lind the point of divergency, when the 
rays issue from any place bi iwei'ji the lens and the focus; 
for then the ex Cos of tljc distance of the object from the 
glass, above chat of the focn>, is ne gative, which is the 
same distance taken the contrary way. Montucls, vol. 2, 
pa. 177. 

And from the principle above-mentioned, it will not be 
difficult to understand ibe applicatiuii of lenses, in the 
rationale of telescopes and microscopes. And on these 
principles also is founded the structure of refracting burn* 
ing glasses, by which th^ sun's liuhl and heat arc excecd- 
ingly augmented in the focus of the K-ns, w In iher convex 
or plano-convex; since the rays, falling parallel to the 
axis of the lens, are reduced into a much narrower com¬ 
pass; so (hat it is no wonder they burn some bodies, melt 
others, and produce other extraordinary phenomena. 

In the Philos.!Vans. vol. xvii. 960, or my Abr. iii, 593, 
Dr. Halley gives an ingenious investigation of the foci of 
rays refracted through any lenses, nearly as follows: 



Ixrt BRL, be a double convex Icnsi c the centre of the 
segment eb, and k the centre of the segment el; bl the 
thickness or diatneter of tlie lens, and v a point in the 
axis; it is required to find the pcunl f, or focus, where 
the rays proceeding from i> shall be collected, uflor being 
refracted through the lens at a and a, points very near lo 
the axis bl* Put the distance da or nn = the radius 
CA or CB = r, and the radius KO or kl=(i; also the 
thickness of the lens bl = /, and m to n the ratio of the 
sine of the angle of incidence dag to the siqc of the ro* 
fracted angle it a o or cam ; or m to n will be the ratio of 
those angles themselves nearly, since very small angles are 
to each other in the same ratio as their sines* Hence 
m is ns the angle dao or dac, 
n is as the angle hao or mac, 
and because in this case the sides arc as their opposite 
angles, therefore DC: da :: ^ dac : Z.c, or d r : w: 

which is as the Z.C 5 from this take « or the Z.mac, 
r 

dm — dA — T7I .1 . L 

and there remains-hence again 


tLu : Z.C:: CA : sj A or mb, that is 
mJr 


fitn . dn « r7i 


‘o’ 
dm 


d^r • d+r'* 

f*. --B MA or mb; which shows in what 

(m — nj . d — 

point the rays would be collected after one rcfraclioni 
\iz, w'hcn nr is less than (m — n) * d. But when fir is 
s . n) . the point would be at an infinile distance, 
or the rays will be parallel to the axis; and when tir is 
greater than (m ** n) .d, then md is negative, or u falls 
on the other side of the lens beyond d, and the rays still- 
continue to diverge after the ftrst refraction. 

I'bc point u being now found, to or from which the rays 
proceed after the first .refraction, and dm ~ bl being 
thus given, which call D, by a process like tho former it 
follows that FL, or the focal distance sought, is equal to 

-- sAnd here, instead of d substituting; 

(m— n) .D + «B ’ 





mdr 


L E N [ 718 

— and pulling p for 


] 


L E N 


til — n 


MB — LB or — , , 

(>H — h) . (/ — 7ir 

the same thcorcii) will become 

{mpdr - ridt nprt) x R _ r . , v 

mdr-h mdn ^ mfjrn — {rti’—nj ,<U n}l 1C 0 a JS- 

taiicc sought, in its most general form, including thcthick^ 
ness of the lens; being the univentai rule for the foci of 
dotibic convex glasses exposed to diverging rays. 

But ifr the tliickncss of the lens be rcjccted| as not 
sensible, the rule will be much shorter, viz, 


pdrn 


L- = /. 


t/r H- Jr — prR 

If tliorefore the lens consist of glass, whose refraction is 
as 3 lo 2, il will be - . =/. And if it be of \va- 


Jr + t/R — tirR 

ter, whose refracticn is as 4 lo 3, it will be 


a</rR 


dr Jr — JrR 


= /. But, if the lens could bo made of diamond, whose 

^JrR 

refraction is as 5 lo 2, il would be-,-= /. 

If the incident rays, instead of diverging, be converging,' 
the distance db or d will be negative, and then the theo¬ 
rem for a double convex class lens will be —: —- 

° — Jr — ,/R — 2rR 

or T —7 - =*y» in which case therefore the focus is 

always on the other side of the glass. 

And if the rays be parallel, as coming from aii-infinitc 
distance, or nearly so, then will d be negative, as well as 
the terms in tho theorem in which it is found; and there¬ 
fore the other term prji will be nothing, in respect to those 
infinite terms; and by oroiiiing it, the theorem will be 

pJrR pm • . 2rR rr \ 

T. — T‘ = -= ft or — =s / for class. 

And here if r = r, or the two sides of the glass be of 

equal convexity, this last will become barely or only 

r =/thc focus, which therefore is in the centre of the 
convexity of the lens. 

If the lens be a meniscus of glass; then, making r ne¬ 
gative, the llii-orcm is 

— 7rfrR Offrtt 


or 


=/for diverging rays. 


— dr + dR 4 - 3 rll Jr . Jr ^ ir r 
^ IffrR adm 

d“R - flrn d73TR~J7? =/for converging rays, 

— am arR 


•• dr 

and 


— r 


=/forparallel rays* 


If the lens be a double concave glass, r and u will bo 
both negative, and then the theorem becomes 

Jr -f. Jr Qrn ~ divcrgitig rays, always negative; 

— adrn 

jTT dir:-'grn =/for converging rays; 

r + n parallel rays. • 

And here, if the radii of curvature r and n be equal, 
this iut will be bare y - r s=/for parallel rays falline 
on a double concave glass of equal curvature. 

Lastly, when the lens is a plano-convex glass; then, r. 
being innnitc, the theorem becomes 

=/for diverging rays, 

=/for converging rays, 
and 2n s=/for parallel rays. 


The theorems for parallel rays, as coming from an in 
finite distance, take place in the common refractine teles¬ 
copes. And those for convciging rays arc chiefly of use 
to determine the focus resulting from any sort of lens 
placed in a telescope, between the focus of theobject-alais 
and the glass iisclt; the distance between the said fWs 
of the object-glass and the interposed lens being'made 
= — di while those for diverging rays are chiefly of use 
m raicroscopi-s, reading-glasses, and other cases in which 
near objects arc viewed. 

It is evident that the foregoing general theorem will 
serve to find any of the other circumstances, as well as the 
focus, by considering this as given. Thus, for instance 
suppose It be required lo find the distance at which an ob¬ 
ject being placed, it shall by a given lens be represented as 
large as the object itself; which is of singular use in view¬ 
ing and drawing them, by transmitting the image through 
a glass in a dark room, as in the camera obscura, which 
gives not only the true figure and shades, but the colours 
themselves as vivid as the life. Now in this case d is =/ 
which makes the theorem becomepifras yirfra* 

and this gives d = But if the two convexities be¬ 

long to equal spheres, so as that r = r, then it is d = nr 
or = 2r when the lens is glass. So that if the object be 
placed at the diameter of the sphere distant from the Icos, 
then the focus will be as far distant on the other side, and 
the image as large as the object. But if the glass were a 
plano-convex, the same distance would be just twice as 
much* 

Again, recurring lo the first general theorem, including 
t, the thickness of the lens; let the lens be a whole sphere* 
then i = 2r, and r =s e ; and hence the theorem reduc(4 

lo 2£^lr’ giyr* ^ . 

2 nd + Snf — mpr “•'* 

And here if d be infinite, the theorem contracts to 

mp ^ an 

an 

that a sphere of glass collects the sun's rays at half the 
radius of the sphere without it. And for a sphere of 
water, the focus is at the distance of a whole radius, 

For Another example; when a hemisphere is exposed to 
parallel rays; then d and r being infinite, and ( s r, the 

theorem becomes = ■.■ 'f* ..,rs/. That is, lo 

glass it is |r, and in water |r. 

Several other corollaries may be deduced from the fore¬ 
going principles. As follows; 

1st. That the thickness of the lens, being very small, the 
focus will remain the same, when either side is exposed 
to the rays. 

2d, If a luminous body be placed in a focus behind a 
lens, whether plano-convex, or convex on both sides; or 
whether equally or unequallyso; the rays become parallel 
after refraction, as the refracted rays become what were 
before the-incident ravs. And hence, by means of a con¬ 
vex lens, or a little glass bubble full of water, a vciy in¬ 
tense light ma^ be prcyectcd to a great distance. Which 
furnishes us with the structure of a lamp or lantern, to 
throw an intense light to an immense distance: for a lens, 
convex on both sides, being placed opposite to a concave 
mirror, and a lighted candle or wick being placed in the 
common focus of both, the rays reflected back from tho 
mirror to the lens will be parallel to each other; and 
after refraction will cotfverge, till they concur at the dis- 


glass Ifshowing 
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(ance of the radius, after which they will again divcr^ie^ 
But the candle being likewise in the f^ocus of the lens, the 
rays it throws on the lens will be parallel; and therefore a 
very intense light meeting with another equally intense, 
at the distance of the diameter from the Uns, the light 
will be surprising: and though it afterwards decrease, yet 
the parallel and diverging rays going a long way together, 
it will be very great at a great distance. LaiUcrns of this 
kind are of considerable service in the night time, to dis* 
cover remote objects. 

If it be required to have the light, tit the same time, 
transmitted to several places, as through several streets, &c, 
the number of lenses and mirrors must be inercaKd. 

3. The images of objects are show n inverted in the focus 
of a Convex lens: nor is the focus of the sun's rays any 
thing else, in effect, but the image of the sun inverted. 
Hence, in solar eclipses, the sun’s image, cclipseil as it is, 
may be burnt by a large lens on a board, &c, and exhibit 
a very entertaining phenumcnon. 

4tb. If a concave mirror be so placed, as that an in¬ 
verted image, formed by refraction through a lens, be 
found between tlie centre and the focus, or even bryimd 
the centre, it will again be inverted by rcHection, and so 
appear erect; in the first case beyond tbe centre, and in 
the latter between the centre and the focus. And on these 
principles the camera obscura is convtructi'd. 

5tb. The image of an object, delineated beyond a con¬ 
vex lens, is of the same magnitude,us it would be of, ivcre 
the olyect to shine into a dark room through a small hole, 
upon a wall, at tlie same distance Iroin tlie hole, as the 
focus is from the lens.—When an object is Im distant from 
a lens than tbe focus of parallel rays, the distance of the 
image is greater than that of the object; otherwise, (he 
distance of the image is less than that of the object: in the 
former case therefore, the inntge is larger than the object; 
in the latter, it is tcbs. 

When the images arc less than the object^^, they appear 
more distinct and vivid ; because then more rays ore ac¬ 
cumulated into a given spnce* But if the images be made 
greater than the objects, they will not appear distinctly ; 
because in that case there are fesver rtiys which meet after 
icfraction in the same point; wie necit happcn^»that rays 
proceeding from different points of an object, terminate in 
tbe same point of on jmHgc, which is the cause of confusion. 
Hence it appears (hat the same aperture of,a lens may be 
admitted in every case, if we would keep off the rays which 
produce coiifusion. However, lliough the image be then 
more distinct, when no rays are admitted but (hose near 
the ^is, yet for want of rays the image is apt to be dim. 

6. If the eye be placed in (he focus of u convex lens, 
an object viewed through it, appeors erect, and enlarged in 
the ratio of the distance of (iie object from the eye, to 
that of tjie eye from the Icus, if it be near; but infinitely 
if remote. 

7tb. An object viewed through a concave lens, appears 
erect, and dimiuUhod in a ratio compounded of the ratios 
of the space in the axis between the point of incidence, 
and the point to which an oblique ray would pass without 
refraction^ to the space in the axis bi*twccn the eye and 
the middle of the object; and the space in the same axis 
l^twecn the eye and the point of incidence, to the space 
between tbo middle of the object and the point (u which 
the oblique ray would pass without refraction. 

Finally^ it mny be observed# that the very small mogni- 
lying gUssca in microscopes, most properly come un* 
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•lor Jlic dcaominahon of lens, ns they ino.l approach to 
tlie figure of the lentil, a seed of the vetch or pea kiiid. 
from « hence the name is derived ; but the reading glassies, 
and burning glasses, and all that magnify, come under the 
same denomination ; for their surfaces arc convex, thou-h 
less sn. A drop of water is a kiis, ami it uill serve as 
one ; and many huso usc.l it by way of lens in tiie'ir micro¬ 
scopes. A drop of any transparent fluid, enclosed be¬ 
ta een two concave glasses, acquires the shape of a lens, and 
has all Its properties. The crystalline humour of the eye 
Is a lens exactly of this kind ; it is a small quantity of a 
translucent fluid, conuined between two concave and 
iraiisparciu mciiihranes, culled the coats of the eye; and 
it acts as the lens made of water would do, in an ccjual do 
greo of coii\e.\ity. 

LLO, l/ic Lion, a consiilerablc constelhuion of the 
northern hemisphere, being one of the 48 old coiistella- 
lions, and the 5th sign of the zodiac. It is marked thus 
ib, as a rude sketch of the animal. 'I he Greeks fabled 
tliiit this was the Nein»an lion, which had dropped from 
the moon, but being slain by Hercules, was raised to the 
heavens by Jupiter, in comnicinor.ition of the dreadful 
conflict, and in honour of that hero. But the hicrogly- 
pliical iiKaiiing of this sign, so ilepicted by tlie kgyptinas 
long before tfie invention of the fables of Hercufes, wa.s 
probably no more than to signify, by the fury of the lion, 
the violent heats occasioned by the sun when he entered 
that part of the ecliptic.—The stars in the constellation 
Leo, in Ptolemy’s catalogue are 27. besides 8 unformed 
ones, now counted in the eonsti llulion Coma Berenices^ 
in Tycho’s 30, in that of Hevelius 49, and in FLimstccd’s 
93; one of them, of the rtrsi magnitude, in the breast of 
the Lion, is calleil Rcgiilus, and Cor Leonis, or Lion's 
Heart. 

Leo .^finor,lhe Little Lion, a ConstePation of ihciiorlh- 
erti hemisphere, and one of the new ones that were formed 
out of what were left by the ancients, under the name of 
Stella; inl«rincs, or unformed slurs, and added to the 48 old 
ones It Contains 5>k stars in Flamsteed’s c.italoguc. 

Cor LeovIS, Lion's heart, a fixed star, of the first magni¬ 
tude, in the sign Ico; culled also rpguUis, basilicus, &c. 

LtH’US, the Hare, a conslellution of (lie .southern he¬ 
misphere, and one of the 48 old Consteliations. The 
Greeks fubleJ, that this animal was placed in the heavens, 
near Orion, ns being one of the animals which he hunted. 
Rut it is probable their masters, the Egyptians, had some 
other meaning in this hieroglyphic. The stars in (he con¬ 
stellation lepus, in Ptolemy's catalogue arc 12, m Tycho’s 
13, and in Hamsteed’s 19. 

LEUCIPPUS, u celebrated Greek philosopher and ma- 
Ihcmaiictiii), who flourished about the 428th year before 
Christ. He was ilic flrst author of the famous system of 
atoms and vacuums, and of the hypothesis of storms; sinco 
attributed to the moderns. 

LEVEL, an instrument used to make a lino parallel to 
the borijinn, and to continue it out at pleasure; and by ibis 
means to flnd the true level, or tbe djflVrence of ascent or 
dttscciit bctu'Cvn two or more places, for conveying water, 
draining fens, &c. There are several instruments, of difr 
ferent constructions and materials invented for the per* 
fcctioii of levelling, as may bo seen in Zjihirc’sand Picard’s 
treatises of levelling, in Biron’s treatise on mathcmaiical 
instruments, as also in the Philos. Trans, and the Memoires 
dc I'Acad. &c. But they may be reduced to the follow-^ 
ing kinds. 
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Jfrt/er-LF.vrT., thnt which shows the horizontal line by 
means of a surface of water or other fluid ; founded on this 
principle, that water always places itself level or horizon¬ 
tal. 'I'he most simple kind is made of a lonji wooden 
troueh or canal ; which being criually filled with water, 
its surface shows tlio line of level. And this is the cho- 
rohafes of the ancients, tlescribed by N’itrnvius, lib. viii, 
cap. 6. 'I’ho water-level is also made with two cups fitted 
to the two ends of a straight tube, about an inch diameter, 
and 3 or 4 feel long, by means of which the water com¬ 
municates from tlie one cup to the other; and this pipe 
being moveable on its stand by means ofa ball and socket, 
when the two cujis show equally full of water, their two 
surfaces mark the line of level. 

This instrument, instead of cups, may also be made with 
two short cylinders of glass 3 or 4 inches long, fastened to 
each extremity of the pipe with wax or mastic. The pipe 
is filled wiili cominoii or coloured water, which shows 
itself through the cylinders, by means of which the line of 
level is detvrmined ; the height of the water, with respect 
to the centre of the eartli, being always the same in both 
cylinders. This level, though very simple, is however 
very commodious for levelling small distances. See the 
method of preparing and using a water-level, and a mer¬ 
curial level, annexed to Davis’s qusulraiit, for the same 
purpose, by Mr. Ix'igh, in Philos. 1 rans. vol. xl. 417» ur 
my Abr. viii, 200. 

/iir-LEVF.L, is that which shows the line of level by 
means of a bubble of air, enclosed with some fluid in a 
glass tube, of an indeterminate length and thickness, and 
having its two en<ls hermetically sealed ; an invention, it 
is said, of M. Tlicvenot. When the bubble fixes itself at 
a certain mark, made exactly in the middle of the tube, the 
case or ruler inwhicli it is fixed, is (hen level; and when 
it is not level, the bubble will rise to one end. This glass- 
tube may be set in another of brass, having an aperture in 
the middle, where the bubble of air may be observed. The 
liquor with which the lube is filled, is usually either oil of 
tartar, or aqua secumla; those not being liable to freeze 
as common water, nor to rarefaction and condensation as 
spirit of wine is. 

There is one of these instruments with sights, being an 
improvement on that last described, which, b^ the addition 
of other apparatus, becomes more exact nnd commodiotrs. 
It consists of on air-level, No. I, (Jig. 1, pi. 18) about 8 
inches long, and about two thirds of an inch in diameter, 
set in a brass tube, 2, having an aperture in the middle c. 
The tubes arc carried in a strong straight ruler, ofa foot 
long; at the ends of whigh are fixed two sights, 3, 3, ex¬ 
actly perpendicular to tno tubes, nnd of nii equal height, 
having asquare hole, formed by two filled of brass crossing 
each other at right angles; in the middle of which is 
drilled a very small hole, through which a point on a level 
with the instrument is seen. The brass lube is fastened 
to the ruler by means of two screws; the one of which, 
marked 4, serves to raise or depress the tube at pleasure, 
for bringing it towards a level; the top of the ball and 
socket is rivetted to a small ruler that springs, one end of 
which is fastened with springs to the great ruler,-and at 
the other end is a screw, 5, serving to raise and depress the 
instrument when nearly level. But this instrument is less 
commodious than the following one: for though the holes 
be ever so small, yet they will still take in too great a space 
to determine the point of level precisely. 

Fig. 2, is a Levtlwith Telacopic Sights, first invented by 


Mr. Huygens. It is like the last; with only this diflcrcnce, 
iliat instead of plain sights, if carries a telescope, to deter¬ 
mine exactly a point of level at a considerable distance. 
The screw 3, is for raising or lowering a little fork, which 
carries the hair, and making it agree with the bubble of 
air when the instrument is level; and the screw 4, is for 
making the bubble of air, d or e, agree with the telescope. 
The whole is fitted to a ball and socket, or otherwise moved 
by joints and screws.—It may be observed that a tele¬ 
scope may be addc<l to any kind of level, hy applying it 
upon, or parallel to, the base or ruler, when there is occa¬ 
sion to take the level of remote objects: and it possesses 
this advantage, that it may be inverted by taming the ruler 
and telescope half round; and if then the hair cut the 
same point that it did before, the operation is just. Many 
varieties and improvements of this instrument have been 
made by the more modern opticians. 

Dr. Desaguiiers proposed a machine for taking the dif¬ 
ference of level, which contained the principles both of a 
barometer and thermometer; but it is not accurate in prac¬ 
tice: Philos. Trans, vol. xxxiii, pa. 165, or my Abr. vol.vii, 
49. Fig. 3, 4, 5, 6. 

Mr. Hadley too has contrived a SpiritLevcl to be fixed 
to a quadrant, for taking a meridian altitude at sea, when 
the horizon is not visible. Sec tbc description and figure 
of it in the Philos. Trans, vol. xxxviii, I67, or Abr. vii, 
620. Various other spirit levels, and mercurial levels, arc 
also invented an^ used on different occasions. 

Rejecting Level, that made by means of a pretty long 
surface of water, representing the same object inverted, 
which we sec erect by the eye; so that the point where these 
two objects appear to meet, is on a level with the place 
where the surface of the water is found. This is the in¬ 
vention of M. Mariottc. 

There is another reflecting level, consisting of a po- 
lishod metal mirror, placed a little before the object gloss 
of a telescope, suspended perpendicularly. This mirror 
must be set at an angle of 45 degrees; in which case the 
perpendicular line of the telescope becomes a horizontal 
line, or a line of level. Which is the inventloii of M. 
Cassini. 

Artillery Foo/-Level, is in form of a square (fig. 7), 
having its two legs or branches of an equal length; at the 
junction of which is a small hole, by which hangs a plum¬ 
met playing on a perpendicular lino in the middle of a 
quadrant, which is divided both ways from that point into 
45 degrees. This instrument may be used on other occa¬ 
sions, by placing the ends of its two branches on a plane; 
for when the plummet plays perpendicularly over the mid¬ 
dle division of the quadrant, the plane is then level. To 
use it in gunnery, place the two ends on the piece of ar¬ 
tillery, which may be raised to any proposed height, and 
the plummet will cut the degn.'e above the level. But this 
supposes tbc outside of the cannon is parallel to its axis,, 
which is not always the case; and therefore another in¬ 
strument is employed either to set the piece level, or cl^ 
vate it at any angle: namely a small quadgint, with one 
of its radii continued out pretty long, which beiug put 
into the inside of the cylindrical bore, the plummet shows 
the onglc of elevation, or the lino' of level. See Guwier'z 
Quadrant. 

Carpenter's, BriekU^r's, or Paviot*s Level, consists of 
a long ruler, in tbc middle of which is fitted at right angles’ 
another broader piece, at the top of which is fastened a 
plummet, which whenit bangs over the middle line of (ha 
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2d or upright piece, shows that the base or long ruler is lio- 
riront«*il or level. Fig. 8. 

Mason's is composed of 3 rules, so jointed as to 

form an isosceles triangle, somewhat like a Roman a ; from 
the vertex of wljich is suspended a plummet, which hangs 
directly over a mark in the middle of die base, when thL 
id horizontal or level. Fig. $• 

Plumb or Paidnlum Llvel, said to be invented by M. 
Picard; fig. 10. riiis shows the horironial line by means 
of another line perpendicular to tiial dLscribed by u plum* 
met or pendulum. It consists of two tegs or branches, 
joined at right angles, the one of which, of about 18 inches 
long, carries a thread and plummet; the thread betughung 
near the top of the branch, acthe points. 'Fho middle of 
the branch whore the thread passes is hollow, so that it may 
hang free every-wlierc; but towards the bottom, where 
there is a small blade of silver, on which a line is drawn 
perpcndiculur to the telescope, the said cavity is covered 
by two pieces of brass, with a piece of glass o, to sec the 
plummet through, forming a kind of case, to prevent (be 
wind from agitating the thread. The telescope, of a 
proper length, is fixed to the other leg of the instrument, 
at right angles to the perpendicular, and having a hair 
stretched horizontally across the focus of the object** 
glass, which determines the point of level, when the 
string of the plummet liangs against the line on the silver 
blade: the whole being fixed by a ball and socket to its 
stand. 

Fig. 12, is a Balance Level; which being suspended by 
(he ring, the two sights^ when in cquiltbrio, will be hori** 
sontal, or in a level. 

Some other levels arc also represented in pi. 18. 

LEVELLING, the art or act of finding a lioc parallel 
to the horizon at one or more stations, to determine the 
height or depth of one place with respect to another; for 
laying out grounds even, regulating descents, draining 
morasses, conducting water, 6cc. 

Two or more places are on a true level when they arc 
equally distant from the centre of the earth* Also one 
place is higher than another, or out of level with it, when 
it is farther from the centre of the earth: and a lioc equally 
distant from that centre in all its points, is called the lino 
of True Level. lienee, because the earth is round, that 
lino must be a curve, and make a 
part of the earth^s circumference, or 
at least pamllcl to it, or concentrical 
with it; as the line bceo, which has 
all its points equally distant from a 
the centre of the earth; coosfdering 
it as a perfect globe* 

But the line of sight bdf &c, given 
by the operations of levels, is a tan* 
gent, or a right line perpendicular to 
the semidiameter of the earth at the point of contact b» 
rising always higher above the true line of level, the farther 
the distance is, this being called the Apparent Line of 
Level. Thus, cd is the height of the apparent level 
above the true level, at the distance bc or bd; also a? 
is the excess of height at e; and CH at o; &c. Thedif* 
&rencc, it is evident, is always equal to the escess of 
the secant of the arch of distance above the radius of the 
earth. 

The common methods of levelling arc sufHcient for lay¬ 
ing pavements of walks, or for conveying water to small 
distances, &c: but in more extensive operations, as in 
VOL. I. 



levelling the boUoms of canals, which are to con\ty water 
to the di!»t:incc ol many miles, and such like, iIk tinfercnce 
between the true and the apparent level must be taken into 
the account. 

Now the difllrcnce cd betwcui tlie true and tippariiu 
Ic\cl, at any distance nc or no, may be found thus : By a 
well-known property of ilie circle 2 ac ^ cd : bd :: bd . 
CD ; or because the diameter of the I'nrili is so great wiili 
respect to the line CD at all distances to which an opera¬ 
tion of leNelling commonly extends, ihat2AC may be safely 
taken for 2 aC cd in that projKiriif)n without any sen¬ 
sible error, it will be 2 ac: bd:: BD:cn, which iherc- 

fore is =or nearly; that is, the difference be- 

tween the true and apparent level, is equal to the square 
of the distance between the places, divided by the diame¬ 
ter of the earth; and consequently it is always propor¬ 
tional to the square of the distance. 

Now the diameter of the earth bcingucarly 7914 miles; 

if we first take bc s 1 mile, then the excess —: becomes 

a AC 

of a mile, which is 8 inches, the height of the appa¬ 
rent above the true level at the distance of one mile. 
Hence, proportioning (he e.Ncesses in altitude according to 
the squares of the distances, the following table is obtain¬ 
ed, which shows the height of the apparent above the (rue 
level for every 100 yards of distance on the one hand, and 
for every mile on the other. 



By means of these tables of reductions, we can now 
level to almost any distance at one operation, which the 
ancicDU could not do but by a great multitude; for, 
bclug unacquainted with the correction answering to par— 
ticular distances, they only levelled from one SO yards to 
another, when they had occasion to continue the work to 
any considerable extent* 

This table will answer several useful purposes. Thus, 
first, to find the height of the apparent above the true 
level, at any distance* If the given distance bc contained 
in the table, the correction of level is found on the same 
line with it: thus at the distance of 1000 yards, the cor¬ 
rection is 2*57, or two inches and a half nearly; and at 
the distance of 10 miles, it is 66 feet 4 inches* But if 
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u.t* CAHct (li&tniKc be not fcpundin thctablo, then inuluply 
llic square of the distance in yard^ by and divide by 

1,000,000, or cui ofr6plac<s on the riglit for decimals, 
aiul the rest ^ult be inrlu*^ : or muUijdy ihesquarc of the 
distance jn vai\i> by 66 feet 4 inches, und divide by 100. 
.Jmlly, d o hnd tlie cNteni of the visible horizon, or how 
tar call he seen from any given height, on u liorizontai 
piano, as at sea, : Suppose th(? eye of an observer, on 
the top of a ships mast at sea. be at the licight of 130 feet 
above the water, he will then see about 14 miles all 
aiouiui. Or from the lop of a cliff by the sea*sidc, the 
liiight of which is 66 feet, a person may see to the di¬ 
stance of near 10 miles on the surface of the sea* Also, 
wltcn the top of a hill, or the light in a lighthouse, or 
sucli like, whose lieight is 130 feet, first comes into the 
\iew of an rye on board a ship ; the table shows that the 
distance <il tlie ship from it is 14 miles, if the eye be at 
the surface of the water; but if the height of the? eye in 
the ship be 80 feel, then the distance will be incrciised by 
near 1L mites, making in all about 25 miles, distance. 

3(lly, bujipose a spring to be on one side ola hill, and 
a liousc on an opposite hill, with a valley between them; 
and that the spring seen from the house appears, by ale- 
veiling instrument, to be on a level with the foundation 
of tlie h(>u>e, which suppose is at a mile distance from it; 
then is tlie spring 8 inches abuve the true level of the 
house; and this ditlercnce would be about suflicicnt for 
the water to be brought in pipes from the spring to the 
house. 

4lh, If the height or distance exceed the limits of the 
table; 'riuii, first, if the distance be given, divide it by 
or by 3, or by 4, &c, till the <|itotient come within the 
distances in the table ; then take out the height answering 
to the qiicticnt, and multiply it by the sejuare of the di¬ 
visor, that is by 4, or 9, or l6, 6cc, for the height re¬ 
quired : So, if the top of a hill be just seen at the distance 
of 40 miles; then 40 divided by 4 gives 10, to which in 
the tal)le answers 66|reet, vvhich being multiplied by l6, 
the square of 4, gives 106lj feet for the height of thehilL 
But when tlie height is given, divide it by one of these 
square numbers 4, 9, 1 6 , 25, &c, till the quotient come 
within the limits of the table, and multiply the quotient by 
the square root of the divisor, that is by 2, or 3, or 4, or 
5, &c, for the distance souglit: So when (he top of the 
peak ofToinffiD', said to be almost 3 miles or 15,840 feet 
high, just comes into view at sea ; divide 15,840 by 225, 
or the square of 15, and the quotient is 70 nearly ; which 
answers in the table, by proportion, to about 10^ miles; 
tlicn multiplying 10^ by 15, gives 154^ miles, for the di¬ 
stance of (he hill. 

On the Practice q/* Levelling. 

'riie operation of levelling is os follows. Suppose the 
height of the point a on the topofa mountain, above that 
of D, at the foot of ii, be required. Place the level about 
the middle distance at d, and set Up pickets, polcs> or 
Staffs, at A and D, where persons must attend with signals 
for raising and lower¬ 
ing, on the said poles, 
little marks of paste¬ 
board or other matter* 

The level having been 
placed horizontally by 
the bubble, &c, look 
towards the staff ab, 
and cause the person 
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there toraisc or lower the mark, till it appear throu^ 
the telescope, or eights, fee, at b : then measure exactly 
the petpendicuiar height of the point Eabovc the |K)inl a, 
which suppose 5 Jeet 8 inches, set it down in your book. 
Then direct your sight the other way, towards the pole b, 
and cause the person there to raise or lower his mark, 
till it appear in the visual line as before at C; and mea¬ 
suring the height ot c above B, which suppose 15 feet G 
inches; set thisulown in your book also, immediately 
above the number of the first observation. Then subtract 
the one trom the otiicr, and the remainder 9 feet JO 
inches, will be the diRcrcnce of level between a and b, or 
the heiglitof the point a above the point b. 

If the point n, where the instrument is fixed, be ex¬ 
actly in the middle between the points a and b, there 
will be no iHxcssity for reducing the apparent level to the 
true one, the visual ray on both sides being raised equally 
above the true level. But if not, each height must be cor¬ 
rected or reduced according to its distance, before the one 
Corrected height is subtracted from the other; as iu the 
case following. 



When the distance is very considerable, or irregular, so 
that the operation cannot be effected at once placing of 
the level; or when it is required to know if there be a 
sullicicnt descent for conveying water from the spring a 
to the point b ; it will be necessary to perform this at 
several operations* Having chosen a proper place for the 
first station, as at i, fix a pole at the point a near the 
spring, with a proper mark to slide up and downdt, as l; 
and measure the distance from a to i. Now the level being 
adjusted in the point i, let the mark L be raised or lowered 
till it is seen through the telescope or sights of the level, 
and measure the height al. Then having fixed another 
pole at n, direct the level to it, and cause the mark o to 
be moved up or down till it appear through the instru* 
ment: then measure the height op, and the distance from 
I to n ; noting them down in the book. This done, re« 
move the level forwards to some other eminence as i, 
from which the pole n may be viewed, as also another 
pole at d; and having adjusted the level in the point E, 
look buck to the pole u ; managing the mark as before, 
till the visual ray. will give the point f ; then measuring 
the distance tu and the height mt> note them down in the 
book. And here turn the level do look at the next pole 
o, and the visual ray will give (he point n; there measure 
the height of d, and the distance £B, entering them in the 
book as before. And thus proceed from one station to 
another, (ill the whole is completed. 

But all these heights must be corrected or reduced by 
the foregoing table, according to their respective 
.stanccs; and the whole, both distances and heights, with 
their corrections, entered in (he book in the following 
manner* * 
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Having summed up all llic columns, add those of the 
distances together, and the whole distance from a to b is 
4755 yards, or 2 miles and J quarters nearly. Then, 
the sums of the corrections taken from the sums of the 
apparetjt heights, leave the two corrected heights; the 
one of which being taken from the other, leaves 5 feet 
ll'I inc. for the true diHerence of level sou'^ht between 
the two placca a and d, which is at the rate of an inch and 
half nearly to every 100 yards, aquaiiUty more than suffi. 
cient to cause the water to run from the spring to the house. 

Or, the operation may be otherwise performed, thus : 
Instead of placing the level between every two poles, and 
taking both back-sights and fore-sights; plant it first at 
the spring a, and thence observe the level to the first pole; 
then remove it to this pole, and observe tbc 2 d pole; 
next move it to the 2d pole, and observe tbc Sd pole ; and 
so on, from one pole to another, always taking forward 
sights or observations only. Then at the last, add all the 
corrected heights together, and the sum will be the whole 
dificrcncc of level Bought. 

Dr. Halley suggested a new method of levelling, per¬ 
formed wholly by means of the barometer, the mercury 
being suspended at so much the less height, as the place 
is farther remote from the centre of the earth ; and hence 
the different heights of the mercury in two places, give 
the difference of level. This method is, in fact, no other 
than the method of measuring altitudes by tbc barometer, 
which has lately been so successfully practised and per¬ 
fected by M. Deluc and others; but though it serves very 
well for the heights of bills, and other considerable alti¬ 
tudes, it is not accurate enough for determining smoU al¬ 
titudes, to inches and parts. Sec the Barometrical Mea¬ 
surement of Altitudes. 

Lbvcllin* Poles, or Staves, arc instruments used in 
levelling, for carrying the marks to bo observed, and at 
the same time to measure the heights of those marks from 
the ground. They usually consist each of two long wooden 
rulers, made to slide over each other, and divided into 
feet and inches, &c. 

LEVER, a straight bar of iron or wood, &c, supposed 
to be inflc.xible, supported on a fulcrum or prop by a 
single point, about which all the parts are moveable. The 
lever is the first of those simple machines called mecha¬ 
nical powers, being the simplest of them oU; and is 
chiefiy used for raising great weights to small heights. 
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The le^er of three kitids. First the common sort, 
where ihc Mtiglu intended to be rafsed is at one end of 
our strength or anotlicr weight oilicd the po^vrr isni the 
other end, and thr prop ur fulcrum is between them 
both. In stirring up tlie fire with a poker, wc innke use 
ot this lever ; the poker is flic U vor, it rests on one of the 
bap of the grate as a pri^p, the incumbent fuel is the 
weight to be overcome, and tlie pressure of the hand on 
the other end is the lorce or power. In this, as in all the 
otlnT mncliiitcs, we have only to increase the distunce 
between the force and the prop, or to deertase the di* 
stance between the weight and the prop, to give the ope¬ 
rator the greater power or effect. To this kiod of lever 
may also be referred all scissars, pincers, snuffers, &:c, 
i he steel-yard and the common balance arc aho levers of 
Jiis kind. 



In the lever of the Cd kind the prop ts at one end, the 
force or power at the other, and the weight to be raised 
is between them. Thus, in raising a water-plug in the 
streets, the workman puts his iron bar or lever through 
the ring or hole of the plug, till the end of it reaches the 
ground on (he other side; then making that the ptop, he 
lifts the plug by his force or strength applied at ilic other 
end of the lever. In this lever too, the nearer the weight 
is to the prop, or the farther the power from the prop, the 
greater is tbc effect. To this 2d kind of lever m^iy also 
be referred the oars and rudder of a boat, the masts of a 
ship, cutting knives fi.xcd atone end, and doorSj whose 
binges serve as a fulcrum. 

In tbc lever of the third kind, the power acts bettveeu 
the weight and tbc prop; such as a ladder raised a 
man somewhere between the two ends, to rear it against 
a wall, or a pair of tongs, &c* 
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It is by this kiod of lever also that the muscular mo¬ 
tions of animals arc performed, the muscles being inserted 
much nearer to the centre of motion, than tlic point where 
is placed the centre of gravity of the weight to bo raised ; 
•n that the power of the muscle is many limes greater 
th^ the weight it is able to sustain. And in this third 
kind of lever, to produce a balance between the power and 
weight, the power or force must c.xcccd the weight, in the 
same proportion as it is nc'aror the prop than the weight 
is; whereas, in the other two kinds, the power is less 
(ban the weight, in tbc same proportion as its distance ia 
greater; that is, universally, the power and weight are 
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each of ihcin rcciprocaUy as their distance from the prop j 
as is demonstrated below. 

Some autliois make a 4th kind, of what is called a 
bended lever; such as a hammer in drawing a nail, ttc. 

In all levers, the universal property is, that the effect 
ofcitln r the weisht or the power, to turn tlie lover about 
the fulcniin, is ilirectly as its force and its distance from 
the [irop, that is as tl/, where d denotes the distance, and 
/the force, strength, or weight, &c, of the agent. For 
since it is proved that at a double distance it will have a 
double effect, at u triple distance a triple effect, uiid so 
on ; also since a double force produces a double effect, a 
trijilc force a triple effect, and so on ; therefore universally 
the effect is as <(/' the product of the two. In like manner, 
if I) be the distance of another power or agent, w hose in¬ 
tensity is K, then is Dr the effect of this also to move the 
lever. And if these two agents act against each other on 
the lever, and their effects be supposctl equal, or the 
lever kept in cquilibrio by the equal and contrary effects 
of these two agents; then is df = d/, which equation re¬ 
solves into this analogy, viz, d\ d : f ; that is, the 

distances of the agents from the prop, arc reciprocally or 
invcr>cly as their forces, or the power is to the weight, as 
the distance of the latter from the prop is to the distance 


found that this demonstration serves also for the other 
kinds of levers, by drawing the,line* as directed. Hrnce, 
if any given force P be applied to a lever at a ; its effect 
upon the lever, to turn it about the centre of motion c, is 
as the length of the arm ca, and the sine of the angle of 
direction cae. For the perp. ce is as ca * sin. Z.A. 

It having been ohjccicd to the principle of this demon¬ 
stration, that it inferred the stability of the lever, or the 
line pw, from the theorem that three forces meeting in a 
point, and keeping that point, or a body there, stable or 
fixed, are proportional to the three sides of a triangle 
which are parnllcl to their directions ; which is a miscon¬ 
ception. For, it is only meant that the point o is stable 
by that theorem. As to the stability of the lever fw, that 
is inferred from its being perp. to the given line oc, and 
limited by the two lines op, ow, given in position.—Since 
the time when the above demonstration was printed in the 
first edition of this Dictionary,] have seen another similar 
one that had been given in Dr. Hamilton’s Essays. 

In any analogy, because the product of the extremes is 
equal to that of the means ; therefore the product of tho 
power by the distance of its direction is equal to the pro¬ 
duct of the weight by the distance of its direction. That 

is, P X CE =: W X CD. 


of the former. 

Writers on mechanics commonly demonstrate this pro¬ 
portion ill a very absurd manner, viz, by supposing the 
lever pul into motion about the prop, and then inferring 
that, because the momenta of two bodies arc equal, when 
placed upon the lover at such ilistances, that these dis¬ 
tances are reciprocally proportional to the weights of the 
bodies, and that therefore this is also the proportion in 
case of an equilibrium; which is an attempt absurdly to 
deraonstruic a thing, supposing the contrary, that a body 
is at rest, by supposing it to be in motion. I shall there¬ 
fore give here a universal demonstration of the property, 
on the pure principles of rest and 
. pressure, or force only. Thus, let 
pw be a lever, c the prop, and p and 
w any two forces acting on the lever 
at the points p and w, in the direc¬ 
tions Po, wo; then if CE and CD be 
the perpendicular distances of the 
directions of these forces from the 
prop c, it is to be demonstrated that 
p : w :: CD : CE. In order to which 
join CO, and draw cd parallel to wo, 
and CF parallel to ro. Then will co, the perpendicular to 
pw, be the direction of the pressure on the prop, other¬ 
wise there could be no equilibrium, for the directions of 
three forces that keep each other in equilibrium, roust ne¬ 
cessarily meet in the same point. And because any three 
forces that keep each other in equilibrium, arc propor¬ 
tional to the three sides of a triangle formed by drawing 
lines parallel to the directions of these forces ; therefore 
the forces on p, c, and w, arc as the three lines bo, co, 
CB, which are in the same direction, or parallel to them; 
that is, tho force P is to the force w, as bo or its equal ct 
is to CB. But the two triangles cdf, ceb are cquianguhtr, 
and have their like std(« proportional, ' 

viz, CP ; CB : : CD : CE j 
and because it was cr : cb : : p : w; 
therefore by equality p : w : : cd : cb ; 
that is, each force is rcciprocaUy proportional to the dis¬ 
tance of its direction from the fulcrum. And it will be 



If the lever, with the two weights fixed to it, be made 
to move about the centre c ; the momentum of the power 
will be equal to that of the weight; and the weights will 
be reciprocally proportional to their velocities. 

When |he two forces act perpendicularly on the lever, 
as two weights Ac; then, in case of an cquilibriumj b 



coincides with p, and d with w; and the distances CP, 
cw, taken on the lever, or the distances of the power and 
weight, from the fulcrum, are reciprocally proportional to 
the power and weight. 

In a straight lever, when kept in cquilibrio by a weight 
and power acting perpendicularly upon it; then, of these 
three, the power, weight, and pressure on the prop, any 
one is as the distance of the other two. 

And hence too p -f w : p ; : ed : CD, 
and F w : w : ; ed; cp; 

that is, the sum of the weights is to cither of them, as the 
sum of their distances is to the distance of the other. 



Also, if several weights p, q, e, s, &c, act on a straight 
lever, and keep it in cquilibrio; then the sum of the pro¬ 
ducts on oue side of the prop, will be equal to the sum on 
the other side, made by multiplying each weight by its 
distance from the prop; vii, p. ac Q, bc = u .dc -t* s. 
BC •+■ &c. 

Hitherto the lever has been considered as a rpatbena** 
tical line void of weight or gravity. But when its weight 
is considered, it is to be done thus: Find the weight and 
the centre of gravity of the lever alone, and then consider 
it as a mathematical line, butbavingan equal weight sus¬ 
pended by that centre of gravity; and so combiuo JU 
effect with those of the other weights, as above. 
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On (he foregoing principles depends (he nature of scales 
and beams for weighing all bodies. For, if (be distances 
be equaL then w ill the weight> be equal aUu ; whicli gives 
(he Ci^nstruction ot the coinm.m scales. And tlie Kuniun 
slateral or steeUyard, is also a levers but of unequal arms 
or distances, su contrived (hat oiu* weight only may sirve 
to weigh a ureat inany, by sliding it backwanis and for* 
wards to dillerent divtances upon the longer aim of the 
lever. SocBalancEi &c. 

• Also, on tho* principle of the lever depend almost all 
other mechanical powers and etTects. Sec \Vii££L>AKi>* 
aXle. Pulley, Wedge, Scuew, &c. 

--LEVITY, (he privation or want of weight in any body, 
when coin))arcil with another tliat is heavier ; in which 
sense itstantis opposed to gravity. Thus cork, and most 
sorts of wood that float in water, }ia%*o levity with respect 
to Nvatcr, that is, arc less heavy. The schools maintained 
that there wa» >uch a thing as positive and absolute le¬ 
vity ; and to this they imputed the rise and buoyancy of 
bodies lighter in^pccte than the bodies in which they rise 
and float. But it is now well known (hnt this happens 
only in consequence of the heavier and denser fluid, which, 
by its superior gravity, gains (he lowi^t place, and raises 
up the lighter body by a force which is equal to the dif* 
ference of (heir gravities* It was demonstrated by Archie 
modes, that a solid body will float any-wherc in a fluid of 
the same specific gravity as itself; and that a lighter body 
will always be raised up in it. 

LEUWENHOEK (Antony), a celebrated Dutch phi¬ 
losopher, was bom at Delft in 1632; and acquired a 
great reputation throughout all Europe, by his experi¬ 
ments and discoveries in natural history, by means of the 
miscroscope. He particularly excelled in making glasses 
for microscopes and spectacles; and he was a member 
of most of the literary societies of Europe; to whom he 
sent many memoirs* Those in the Philosophical Trans¬ 
actions, and in the Paris Memoirs, extend through 
many volumes; the former were extracted, and publish¬ 
ed at Leyden, in 1722* He died in 1723, at 91 years 
of age* 

LEYBOURN(Wiluaii), a respectable and very useful 
mathematician, of the 17th century, died about the year 
1690. He was, it seems, originally a printer in London; 
but by industry became a considerable profleient in ma¬ 
thematics, an^ published a number of very useful and po¬ 
pular books on the practical parts of those sciences. 
Those of them that arc in my possession, arc the follow¬ 
ing: 1. Coroplcat Surveyor, in folio, 1653, afterwards 
re-published and improved by Cuim.—2» Nine Geome¬ 
trical Exercises, in 4lo, l669*-“3* Dialling, in 4to, 1687; 
the same in folio, 1700.—4* Cursus Mathcmaticus, 2 vols 
folio, 1690, then held in much esteem.—5. Recreations, 
in folio, 1694.—6. Arithmetic, 8vo, 1700.—7. On the 
Gunter's Quadrant, 12roo, 1731. There may be other edi¬ 
tions of these works, and probably earlier ones of several 
of them, as well as of other works which 1 have not seen, 
such as one entitled the Trader's Guide. 

LEYDEN PiiiAi., in Electricity, is a glass phial or 
jar, coated both within and without with lin-foil, or some 
other conducting substance, that it may be chained, and 
thus employed in a variety of useful and cnlcrtaioing ex¬ 
periments. Or even'flat glass, or any other shape, so 
coated and used, has also received the same denomination. 
Also a vacuum produced in such a jar, has been 
named the Leyden Vacuum. 


The Loyden phial lias been 50 called, because it is said 
that M. Cunarui, a n.iiivc of Leyden, first Conlrivcd, about 
the close of the ^ear 174o* lo accuinulale the electrical 
power ill gUss, aiiti to u>e it m the same manner as at 
present. But Dr. Priesilc) as^>erU that this discovery was 
first made by Von Kieist, denn of the cathedral inCamin; 
who, on the 4ih ot No>enib< r i745, sent an account of 
it to Dr. Licberkulin at Berlin: however, those to whom 
Kleists account was communicated, could not succeed in 
performing his experiments. The chief circumstances of 
this discovery are siaU'd by Dr. Priestley in hu Hist, of 
Electricity, vol. 1, pa. 191, ^C* 

L1BU.\. See Balance. 

1,1 Bn A is also one of the 4 S old constellations, and the 
7th sign of the zodiac, being opposite to Aries, and marked 
like a part of a pair of scales, thus The figure of the 
balance was probably given to this part of the eclipiic, 
because when the sun arrives at (his part, which is at the 
time of (he autumnal equinox, the days and nights arc 
equal, as if weighed in a balance. The stars in this con- 
siellatioii are, according (o Ptolemy 17, Tycho 10, Hcve- 
lius 20, an<l Flamsteed 51. 

Lirha aLo denotes the ancient Roman pound, which 
was divided into IS uncial, or ounces, and the ounce into 
24 scruples. It seems the mean weight of the scruple 
was nearly equal lo 17i grains Troy, and consoqueiuly the 
libra, or pound, equal to 5040 grains. It was "also the 
name of a gold coin, equal in^valuc to 20 denarii. Sec 
Philos* Trans, vol. 61, pa. 462. 

The French livre is derived from the Roman libra, as 
this was from the Sicilians, who called it litra. This was 
used in France for (he proportions of their coin till about 
the year 1100, (heir sols being so proportioned as that 20 
of them were equal to the libra. By degrees it became a 
term of account, and every thing of the value of 20 sols 
was called a livre. 

LIBRATION, 0/ (he il/oon, is an apparent irregularity 
in her motion, by which she seems to iibratc, dr waver, 
about her own axis, at one lime towards (he east, and at 
another towards the west Sec Mook, and Evection, 
Hence it is that some parts, near the moon’s western edge, 
at one lime recede from the centre of the disc, while those 
CD the other or eastern side approach nearer to it; and, 
on the contrary, at another time the western parts arc 
seen to be nearer the centre, and the eastern parts farther 
from it: by which means it happens that some of those 
parts, which were before visible, sot and hide themselves 
in the hinder or invisible side of the moon, and afterw ards 
return and appear again, on the nearer or visible side* 

This libration of tbo moon was first tliscovcred by He- 
velius, in the year 1654; and it is owing to her equable 
rotation round her own axis, once in a month, in conjunc¬ 
tion with her unequal motioD in the perimeter of her orbit 
round the earth* For if the moon moved in a circle, 
having its centre coinciding with the centre of the earth, 
while it turned on its axis in the precise time of its period 
round the earth, then the plane of the same lunar meri¬ 
dian would always pass tlirough the earth, and Uic same 
face of the mopn would be constantly and exactly turned 
towards us* But since the real motion of the moon is 
about a point at a considerable distance from the centre 
of the earth, that motion is very unequal, as seen from 
hcncc, the plane of no one meridian constantly passing 
through the earth* 

The libration of the moon Is of three kinds. 
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Isf, Her libiiition in lonj’itu<lc, or a seeming vibraliin^ 
iDotioii according to Un.' order of the signs of the tcudiac. 
'I his libnitiun is nothing twice in each pcriotlical month, 
viz, whi n llic moon is in Irt apogeuin, and when in her 
perigi nni; tor in both tiiesc cases the plane of her merj- 
«ii;«n, wtiicli is turned towards us, is directe<l alike towards 
the earth. 

2 d, Her libration in latitude; which arises from hence, 
that her axis not being perpendicular to the plane of her 
orbit, hut inclined to it, sometimes one of her poli-s, anil 
soiiietinu s the other will decline, as it were, or dip a little 
towards the earth, and consC(|Uentlj’ she will appear to li- 
brate a little, and to sliow sometimes more of her spots, 
and soiueiimcs less of them, towards each pole; wliicli 
liliraiion, (iependiiig on the position of the inonn, in re¬ 
spect to the nodes of Irt orbit, and her axis being nearly 
|ierpc ndiculiir to llie (ilaiie ol the i cltptic, is \ery properly 
said to he in latitude: and-this also is completed in the 
space ol the moon's perioilical nionih, or rallRT wliile the 
moon Is leturning again to the same position, in respect 
ol her nodes. 

3d, I iiere is also a third kind of libration; by which 
it liappeiis tliut tliougli another part ol the moon be n<d 
reall) tiinicd to the earth, as in the loniier liliralioii, vet 
another is illiiininalcd by the sun. For since the imv'it’s 
a.\is is nearly perpeinlicnlai to the plane ol ilie ecliptic, 
when slie is mo-t sonlhcrlv, in respect of the north pole of 
llie ecliptic, some parts near to it will he illiiniinat''<| by 
tlie sun ; while, on the contrary, tin; south pole will he in 
daikness. In tins ea.se therefore, it the sun he in the same 
line with tlie moon's southern limit, lin n, iis she proceeds 
from coiijniiclion with the sun towards her ascending 
node, she will appear to dip her northern polar parts u 
little into the dark hemisphere, and to raise her southern 
polar [laits as much into the liglit one: and the contrary 
to tins will happen two weeks after, while die new moon 
is descending from her northern limit; for then her nor¬ 
thern polar parts will appear to emerge out of darkness, 
and die soutiiern polar parts to <lip into it: which Becming 
libration, or rather these etfects of ilic former libration in 
mtilnde, depending on the light of the sun, will be com- 
ph'icd in the moon’s synodical month. Greg. Astron. 
lib. 4, sect. 10, 

Libration o/ the Earth, is a term applied by some 
astronomers to that motion, by which«tlic earth is so re¬ 
tained in its orbit, that its axis continues constantly pa¬ 
rallel to the axis of the world. This Copernicus calls the 
motion of libration, which may be thus illustrated : Sup¬ 
pose a globe, with its axis parallel to that of the earth, 
painted on a ftug at the head of a mast, moveable on its 
axis, and constantly driven by an cast wind, while it sails 
round an island, it is evident that the pointed globe will 
be so libruled, as that its axis will be parallel to that of 
the world, in every situation of the ship, 

LIFK-ANNUI'llES, are such periodical paympnts ns 
depend on the continuance of some particular life or 
lives; and they may be distinguished into annuities that 
commence immediately, and such as commence at some 
future period, called rcTcrs\onafy life-annuities. 


The value, or present worth, of an annuity for anypr*-, 
posed life or lives, it is evident, depends on two circum¬ 
stances, the interest of money^and the chance or expec¬ 
tation oj tiu continuance of life. On the former only, it 
has b<Tn sliown, uimer the aiticle AMNUtriRS, cle|>ends 
Uic value or pnsciit worth of an onmiily certain, or that 
IS not subj< ft to the continuance of a life, or otf.er con- 
tingency; but the expectation of life being a thing not 
certain, but only posn ssing a c< rtain chante, it is evident 
lli.it the value of the CerlHin annuity, ok Mated above,* 
iniisl he diminished in proportion as the i xpeciancy i$ be¬ 
low ceitaiiily : thus, it the pu'M-nt value .d an .Annuity 
certain be any sum, as suppo'e lool. an.i the value or ex- 
pectaney ol the lile be thin ilie value (d the life-an¬ 
nuity will be only lialf o| the for.eer, or 50/; and if the 
value of the lile he <inly 4 , the value of the lilt-Hiiiiuity 
«III be but ^ ol luo/, that is 33/. 6 *. 8 ./; and so on. 

'llie ineasiireol the value or exptft.tncj ol liu-, d« pends 
on the proporiiitit i .1 the nunifi<-i ol pi isi/rx that die, out 
of a given niimlier, in the tiii.e propo.v>d.i il.us, i| 60 per¬ 
sons die, out ol 100, III any pr.p sad lifne, ihm, h.dl the 
iiumi.er only ri loiiimnu alue, any one | enu n hu-s .in equal 
rlniiue to live or d.e in \[::<\ liii.c, or the value « | his life 
lor that lime is 4 ; h«i i( * ot the min.bi r die in the time 
pn poved, or only | remain aliw, tlun the value of any 
one’- hie i> ‘ ; and il 01 ihi number d e, or only ^ re¬ 
main alive, tin n tin value ol any lile is but and so on. 
In (lies.- propo]tioii> then luu'i tin value ol the nimuily 
certiiiii be dlininohed, to give the value of the like litc 
uhailiC)* 

]i IS plain therefore ihnt, in this business, it is necessary 
to know the value of life at all the diftereiit ages, from 
some tabic of observations on the mortality of inonkind, 
which may show the proportion of the persons living, out 
of a given number, at the end of any limited lime;* or 
from somecertnin hypoth<*sis, or assumed principle. Now 
various tables and liypothescs of this kind have been mve-n 
by the writers on this subject, os Dr. Halley, Mr^Dc- 
moivre, Mr. Thomas Simpson, Mr. Dodson, Mr. Kensc- 
boom, Mr. Pnreieux, Dr. Price, Mr.‘Morgan, Mr. Baron 
Mascrcs, Mr. Baily, and many others. But the same 
table of probabilities of life will not suit ail places; for 
long experience has shown that all places arc not equally 
liealthy, or that the proportion of the number of persons 
that (lie annually, is different for different places. Dr. Hal¬ 
ley computed a table of the annual deaths as drawn from 
the bills of mortality of the city of Breslnw in Germany: 
Mr. Smart and Mr. Simpson from those of I..ondon; Dr. 
Price fiom those of Northampton; Mr. Kersseboom from 
those of the provinces of Hulland-and Wcsi-Friesland; 
and M. ParcicHX from the lists of the French tontines, or 
long annuities; and all these are found to differ from one 
another; It may not therefore be improper to insert bore 
a comparative view of the principal tables that have been* 
given of this kind, as below; where the first column shows 
the age, and'the other columns tho number of persons 
living at that age, out of 1000 born, or of the age 0, in the 
first line of each column. 


I 
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T.ABLt I.— 


Siowinj the AW^ of Persons tiring at ait Ages, out of xojo that had been born at 

several Places, viz. 


Ages, 


Vieun*. 


O 

1 

2 

3 

4- 

# 

5 

Q 

7 

e 

y 

10 

11 

12 

13 

U 

15 

10 

17 

iS 

ly 
20 
21 
22 

23 

24 

25 
2fl 
27 

.28 

29 

30 

31 

32 

33 

34 

35 
33 

37 

38 

39 

40 

41 

42 

43 
4(. 
45 
4d 

47 

48 

49 
3o 
61 

52 

53 

54 

55 

50 
57 
53 
59 


1000 
5 12 
471 
430 
400 
377 
357 
314 
337 
331 
326 
322 
318 
314 
310 
300 
302 
299 

295 

291 
287 
284 
280 
270 
273 

209 
205 
201 

250 

251 
247 
2A5 
239 
235 
231 
220 
221 

210 
211 
205 
109 
194 
180 
185 
IBI 

170 

171 
105 
159 
153 
147 
142 
137 
131 
128 
123 
117 
I I I 

100 

101 


Berlin. 


1000 
633 
528 
4S5 
43^ 
403 
387 
370 
307 . 
361 
336 
353 
350 
347 
344 
341 
338 
335 
332 
328 
324 
320 
315 
310 
305 
297 

203 
287 
281 
275 

209 

204 
259 
254 
249 
243 
237 
230 
223 

210 
209 
203 
197 
192 
187 
182 
177 
172 
107 
102 
157 
152 
147 
142 
137 
132 
127 
121 
115 
109 


Loitdon. 


I 


1000 
650 
543 
492 
452 
420 
410 
397 
388 
380 
373 
307 
301 
356 
351 
347 
. 343 
338 
334 
329 
325 
321 
310 
•310 
305 
299 
294 
288 
28$ 
278 
272 
200 
260 
254 
248 
242 
230 
250 
224 
218 
214 
207 
201 
194 
187 
180 
174 
107 
159 
J53 
147 
141 
135 
ISO 
125 
120 
116 
111 
100 
101 


N 


utaicli 


1000 
79S 
051 
595 
500 
544 
520 
51 I 
500 
490 
481 
474 
409 
46 4 
460 
455 
451 
440 
442 
437 
432 

420 

421 
415 
409 
404 
398 
392 
385 
378 
372 

300 

301 
355 
350 
344 
338 
333 
327 
322 
317 
311 
300 
30p 
294 
28 
28 
27 
206 
26 i 

255 
2*6 
242 
235 
22 
22 
213 
200 
199 
191 




North- 

Bre<Uw. 

Branden- 

Holy. 

«ni^ ton« 

l>urg. 


1000 

1000 

lOOO 

looo 

738 

709 

775 

882 

028 

658 

718 

702 

585 

014 

087 

' 717 

502 

585 

664 

082 

5 44 

503 

0 42 

659 

530 

546 

022 

636 


518 
510 
504 
498 
493 
488 
484 
480 
475 
470 
405 
459 
453 
447 
440 
433 
426 
419 
412 
405 
398 
391 
384 
378 
372 
306 
300 
354 
348 
342 
336 
330 
324 
317 
310 
303 
290 
289 
282 
275 
208 
201 
254 
247 
239 

232 
225 
218 
211 
201 
197 
190 
163 


5.32 
523 
515 
508 
502 
497 
492 
486 
483 
479 
47 4 
470 
405 
461. 

450 

451 
446 
441 

431 

420 

421 
415 
409 
403 
397 
391 
384 
377 
370 
303 
350 
349 
342 
335 
328 
321 
314 
307 
299 
291 
283 
275 
207 
259 
230 
241 
232 
224 
210 
209 
201 
193 


607 
595 
585 
577 
570 
564 
559 
554 
549 
544 
539 
535 
531 
527 
522 
517 
512 
507 
502 
498 
4'>5 
492 
489 
480 
482 
477 
472 
467 
402 
456 
450 
444 
438 
432 
427 
422 
417 
412 
407 
400 
394 
388 
381 
374 
307 
359 
351 
3 43 
334 
324 
314 
304 
293 


Hulls od 


018 
60 4 
595 
589 
565 
581 
577 
573 
56^< 

505 

500 
555 
550 
545 
539 
532 
525 
5IS 
512 

506 

501 
496 
491 
4SG 
481 

470 

471 
400 

400 
454 
447 
440 
433 
426 
418 
410 

401 
393 
386 
379 
372 
365 
d59 
353 
347 
340 
333 
320 
316 
310 
301 
292 


looo 
80 4 
70s 
736 
709 
689 
670 
064 
652 
6 40 
639 
033 
027 
621 
616 
6ii 
606 
601 
596 
590 
584 
577 
571 
506 
559 
551 
543 
535 
526 
517 
508 
499 
490 
482 
474 
467 
400 
4.53 
440 
439 
432 
425 
419 
413 
407 
400 
393 
386 
378 
370 
302 
354 
345 
3.86 
327 
318 
309 
300 
291 
282 


France. 


Vaud, 

8w.i/efUnd, 


1000 
805 
777 
750 
727 
7 11 
697 
686 
676 
607 
600 
054 
049 
64 4 
639 
635 
631 
620 
621 
610 
610 
004 
598 
592 
580 
580 
574 
508 

502 
556 
550 
544 
538 
532 
520 
5i0 
514 
508 

503 
•07 

^92 
*^87 
482 
476 
471 
406 
400 
455 
449 
443 
430 
429 
422 
414 
400 
397 
388 
379 
309 
359 


lOOO 
81 I 
765 
735 
715 
701 
083 
677 
007 
659 
653 
648 
643 
639 
635 
631 
626 
622 

613 

614 
610 
600 
602 
597 
592 
587 
582 
577 
572 
567 
563 
558 
553 
548 
544 
539 
533 
527 
520 
513 
500 
500 
494 
488 
482 ■ 
476 
409 
461 
45L 
441 
431 
422 
414. 
400 
397 
388 
377 
304 
348 
331 
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These tablet show that the mortality and chance of life 30 years, from 1740 to 1769; the 5th, by the same, 
are various in different places ; and that therefore, to ob- from the bills for Northampton; the 6tb, as deduced by 
tain a suflicient accuracy in this business, it is necessary Dr. Halley, from the. bills of mortality at Breslaw; the 
to adapt a table ofprobabilitics or chances of life, to every 7th shows the prtbabilities of life in a country parish in 
place for which annuities nre to be calculated; or at Brandenburg, form^ from the bills for 50 years, viz, from 
least one set of tables for large towns, and another for 1710 to 1759, a* given by Mr. Susmileb; the 8lb shows 
country places, as well as for the supposition of different the probabilities of life in the parish of Holy-Cross, near 
itrtcs of interest. Shrewsbury, formed from a register kept by the Rev. Mr. 

Several of the foregoing tables, as they commenced with Garsuch, for 20 yean, from 1750 to 1770; the 9th, for 
different numbersj are here reduced to the same number Holland, was formed by hR Kersieboom, from the regis- 
at the beginning, viz, lOOO persons, by which means we ten of certain annuities for lives granted by the govem- 
are enabled by inspection , ..a t any age, to compare the ment of ^^cn kept there for 125 years* 

iiumben togctlicr, and imrftdiatcly perceive the rel^ivc in which the'ages of the several annuitants dying during 
degrees of vitality at the several places. The tables, are that period bad been truly entered; the lOtb, for France, 
also arranged .according to the degree of vitality anjobg were formed by M.Parcicux, from the lists of the French 
them ; the least, or that at Vienna, fint; nnd the rest in tontines, or long annuities, and verified by a comparison 
their order, to the highcst,-whicli is the provincc'of Vnud with the mortuary registers of several relinous botw» for 
in Switzerland. The > authorities on which these tables both sexes; and the 1 lib, or last, for the district of Vaud 
depend, arc as they here follow. The first, taken from in Switzerland, was formed by Dr.Price from the 
Dr. Price's Observations on Reversionary payments, is ters of 43 parishes given by M. Muret, intbcBcniMe- 
formed from the bills at Vienna, for 8 years, as given by moirs for the year 1766. 

Mr. Susmileb, in his Gottlichc Ordnung; the 2d, for Now from such lists as the foregoing, various tables have 
Berlin, from thd same, as formed from the bills there for 4 been formed for the valuation of annuities on single and 
years, viz, from 1752 to 1755; the 3d, from Dr. Price, joint lives, at Several rates of interest, in which the value 
showing the true probabilities of life in London, formed is shown by inspection.—^The following are those that are 
from' the bills for ten years, vi», from 1759 to 1768; the given by Mr, Siropsbn, in bis Select Exercises, as deduced 
'4tb, for Norwich, formed by Dr. Price from tbcbilb for ffom the London bills of mortality. 
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Ta BI.E II. Showing the yalue of an Annuity on One L{ie, or dumber of Years Annuity in the Value, supposing 

Money to bear Interest at the several Rates of 3, 4, and $ per cent. 


Agf?. 

VcAft value at 
0 per cent. 

\ e^r$ at 

4 per cchi. 

Venn value at 
> per cent. 

Ago. 

Years value at 
3 per cent. 

value at 
4 per ceot. 

^ ears v'Jue at 
b per cent. 

6 

18-8 

16-2 

14-1 

41 

13-0 

1 1-4 

10-2 

7 

i«-y 

16-3 

14-2 

42 

12-8 

11-2 

10-1 

8 

190 

16-4 

14 3 

43 

12*6 

III 

10-0 

9 

iy -0 

16-4 

14-3 

44 

12-5 

11*0 

9-9 

10 

lyo 

16 4 

14-3 

45 

12-3 

10-8 

9-S 

I 1 

'19 0 

16 4 

14-3 

46 

12-1 

10-7 

9-7 

12 

18-9 

16-.3 

14-2 

47 

1 l-D 

10-5 

9-5 

13 

I S '? 

16-2 

141 

48 

1 1-8 

10-4 

9-4 . 

14 

18-5 

16-0 

140 

49 

M -6 

10-2 

9-3 

15 

18-3 

15 8 

13*9 

50 

114 

JO-I 

9-2 

16 

18-1 

15-6 

13-7 

51 

1 1-2 

9-9 

9*0 

17 

17-9 

15-4 

13-5 

.52 

1 1-0 

9-8 

$-9 

Id 

17-6 

1,5-2 

13-4 

53 

10-7 

9-6 

8-8 

19 

17*4 

15-0 

13 2 

54 

10*5 

9-4 

8-6 

20 

17*2 

14-3 

130 

55 

10-3 

9-3 

8-5 

21 

170 

14-7 

12-9 

56 

10-1 

9-1 

8-4 

22 

16-8 

14-5 

12-7 

57 

9*9 

8-9 

8-2^ 

23 

10-5 

14-3 

12 6 

58 

9*6 

' 8-7 

8*1 

24 

16*3 

14*1 

12-4 

59 

9-4 

8‘6 

8-0 

25 

161 

14-0* 

. 12-3 

60 

9-2 

8*4 

7-9 

26 

15*9 

13-8 

12-1 

61 

8-9 

8*2 • 

7‘7 

27 

15-6 

i 13-6 

120 

62 

8-7 

8-1 

' 7-6 

28 

15-4 

13-4 

ll -8 

63 

8‘5 

7-9 

7-4 

2d 

15-2 

13-2 

11-7 

64 

8*3 

■7-7 

7-3 

30 

15-0 

f 3 -l 

11-6 

65 

8-0 

7*5 

7-1 

31 

14-8 

12-9 

11-4 

66 

7-8 

7*3 

6-9 

32 

14-6 

12-7 

11*3 

67 


7*6 

7-1 

6-7 

33 

14-4 

12-6 

1 1-2 

68 


7-4* 

6*9 

6*6 

34 

14 2 

12-4 

I 1-0 

69 


7-1 . 

8-7 

6-4 

35. 

14-1 

12 3 

10 9 

70 


6-9 

6‘5 

6-2 

36 

' 13-9 

12-1 

10-8 

71 


6*7 

6-3 

6-0 

37 

13-7 

11-9 

1 1 •& 

10-6 

72 

*7 ^ 


6*5 

0 1 

5-3 

So 

39 

IS ^ 

13-3 

1 J O 

116 

tij D 

10’4 

r «> 

74 

A 

5*9 

0 5# 

5-6 

o*t> 

5-4 

40 

, • 

13-2 

U-5 

10-3 

75 

5-6 

5*4 

5*2 


Table III . —Showing the Value tf an Annuity for Two Joint Lives, that is, for at long as they fxitt together. 


Age of 
Yotmger. 


Value at 

0 per ceoL 

Value at 

4 per cent* 

Value at 

5 per cent. 

Age of 
Younger. 

Ace of 
£&er. 

Value at 

0 per cent. 

. Value at 

4 per cent. 

s 

Value at 

3 per rent. 

' 

IQ 

' 14-7 

13*0 

11*6 


45 

9*6 

8-8 

8-0 


15 

14*3. 

12-7 

11*3 


50 

8*9 

8*2 

7*5 


20 

13-8 

12*2 

10*8 


55 

8*2 

7*6. 

7-0 


. 25 

13*1 . 

11 'G 

10*2 

15 

60 

7*5 

7*0 

6*5 


30 

12‘3 

10*9 

9*7 


65 

6*8 

6*+ 

6*0 


35 

11-5 

10-2 

'9*1 


70 



5*4 


40 

10^ 

9*6 

8*6 


75 

5*2 


4*8 

li/ 

45 , 

10-0 

9-0' 

6*1 


20 

12*8 

11*3 

10*1 


50 

9'3’ 

8-4 

7*6- 


25 

12-2 

10*8 

9*7 


55 , 

.a*a 

7'8 

7*1 


30 

11*6 

10*3 

9*2 



7-8 

7*2 

6*6 


35 

10*9 

9*8 

8*8 




0*5 

6*1 


40 J 

10*2 

9*2 

8*4 


WBm 

6*1 

5-8 

5*5 


: 45 1 

9*5 

8-6 

7*9 

* 

mm 

5-3 

5 >I 

4*9 


50 i 

8*8 

8*0 

7*4 


15. j 

13*9 

12*3 

11*0 


; 55 \ 

8*1 

7*5 

. 6*9 

1 

20 ; 

13*3 

A 

11*8 ■ 

10*5 


60 

7*4 

0*9 

6*4 

1 

25 ; 

12-6 

11*2 

10*1 


1. 65 

6*7 

6*3 

5*9 

i 1 

30 

11*9 

10*6 

9-5 • 


1 70 

0*0 

5-7 

5*4 

1 

35 j 

11*2 


9*0 ' • 


75 

5*2 

5*0 

4-8 

1 

40 1 

10-4 

9*4 

8*5 
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St 

A p'T crnf. 


V'llue at 

b ji--r crm, 


Age of Age of 

\<>unget. tider. 


Value at 
0 jwf cm: 


\'(lue at 
4 J>ef rent. 


Valii'- tt 
4 pcrceni. 


'U*3 
8-8 
8-I- 
I8-I 
17-8 
17'+ 
17-0 
!(>•(> 
ta-t 
15*6 


i8‘a 
I7''8 
J7't 
17-1 
I0*7 
a-3 
5*8 
15*3 
-14*8 


17-3 

16*8 

16*3 

15*9 

15*4 



14*8 

14*5 

14-2 

13*8 

13*4 

13*0 


15*0 

14-0 

J4*2 

13*9 

13*5 


13*8 
13*5 
13*3 
13*1 
12-9 
I2‘7 
12*4 
12*0 
1 1*6 


13*3 

13*0 

12*7 

12*4 

12*1 


The uses of these tables may be exemplified in the fol* 
lowing problems. 

Pkub. 1. To find llte Probability or Proportion qf Qiance, 
that a Person qf a Given Age continues in being a proposed 
number of ye<zr/.—Thus, suppose the age be 40, and the 
number of years proposed 15; then, to calculate by (be 
table of the probabilities for London, in tab. I. against 40 
years stands 214, and against 55 years, the age to which 
the person must arrive, stands 120, which shows that, of 
214 persons who attain to the age of 40, only 120 of them 
reach the age of 55, and consequently 94 die between the 
ages of 40 and 55: It is evident therefore that the odds for 
attaining the proposed age of 55, are as 120 to 94, or as 
9 to 7 nearly. 

pRon. 2. 7b find the Value qf an Annuity for a proposed 
This problem is resolved from tab. 2, by looking 
against the given age, and under the proposed rate of in¬ 
terest; then the corresponding quantity shows the num¬ 
ber of years purchase required. For example, if the 
given age be 36,-the rate of intci^t 4 per cent, and the 
proposed annuity 250: then in the table it appears that 
the value is 12'1 years purchase, or I2’l times 250/, that 
is 3025/. ' 

After the same manner the answer will be foun^ in any 
other case falling within the limits of the table. But as 
there may sometimes be occasion to know the values of 
lives computed at higher rates of interest than those in the 
table, the two following practical rules are subjoined; 
by which the problem is resolved independently of tables. 


Rule 1. When the given .ige is not less than 45 years 
nor greater than 85, subtract it from 92; then multiply 
. the remainder by the perpetuity, and divide the product by 
ihcsaidrcinainderadded to2^ timesibe perpetuity; so shall 
the quotient be the number of years purchase required. 
Where it is to be noted, that by the perpetuity is meant 
tbc number of years purchase of the fce-siniplc ; found 
by dividing 100 by the rate per cent at which interest is 
'reckoned. 

Ex. Let the given age be 50 years, and the rate of in¬ 
terest 10 per cent. Then subtracting 50 from 9‘^> there 
remains 42; which mulltplicd by 10 the perpetuity,gives 
420; and this divided by 67, the remainder increas^ by 
2i times 10 the perpetuity, gives 6*3 nearly, for the num¬ 
ber of years purchase. Therefore, supposing the annuity 
to be 100/, its value in present money will be 630/. 

Rule^, When the age is between 10 and 45 years; 
take 8 tenths of what it wants of 45, which divide by the 
rate per cent increased by 1-2; then if tbo quotient be 
added to the value of a life of 45 years, found by ibe pre« 
ceding rule, there will be obtained tbo number of years 
purchase in this case. For example, let the propos^age 
be 20 years, and the rate of interest 5 per cent.4 Here 
then. Inking 20 from 45, there remains 25; wl>>ch 
18 20; which divided by 6*2, gives 3*2; and this added 
to 9*8> ihc value of a life of 45, found by the former rule, 
gives 13 for the number of years purchase that a life of 
20 ought to be valued at. 

And the conclusions derived by these rules, Mr. Simp- 
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son adds, are so near tl»i|truc values, computed from real 
ulservaiioii'', as seldom to differ from tliem by more than 
t'i 3 TO ‘’f one year’s purchase. 

'I'lie observations hero alluded to, ate those which are 
founded on the IvOiulon bilN of mortality; and a similar 
tiu thud of solution, accommodated to the Hreslaw oh- 
servatums, «ill he as follows, viz. “ Multiply tie- ditlerence 
betuecn the yiven age and 85 years hy the perpetuity, 
and divide llie product by H tenths of the said difterence 
increased by double the per|)<tuity, lor the answer. 
Which, from 8 to SO years of ai-e. will commonly tome 
witliin less than ^ of a year’s purchase of the truth. 

Fuon. :i. To find tin- Tnluc of an Annuity for T::o Joint 
Livcx, that is,foi- ns long us they b >tli coiitiune in being toge¬ 
ther .—In table 3 . lind the y.>un';er age, or that nearest to 
it, in column I, and the higher age in columVi 2; then 
against this last is the number of years purchase in the 
Jiroper column for the iiUircst. Er. Suppose the two 
a"es he20 ai.d .3.5 yeais; then the value 

IS years purchase ul 3 per cent, 

or 9*8 - - al 4 per coni, 

or S *8 - - lit 5 per ccnl. 

Pit on. K 'Vo find the Vnlu^ of the Annuity for the Long¬ 
est ofi Tivo Lnes^ that ht^fior (u lornr as eillier of them ro«- 
tiitues m heinq*'^U\ I able 4» Col. 1, find the age of the 
youngest life, or the nearest to it, in col. 1 , ami llic age 
of ihe elder in col. 2 : then against this last is ihc answer 
in the [)ro[>er column of interest.— Ex. So, if the two ages 
In- 15 and 40; then the value of the annuity upon the 
longest of two such lives 

is 2ri years purchase at 3 per cent* 
or 17*9 - - 4 per ccnl. 

or 15*7 - - 5 per cent. 

Ill the last two problems, if the younger age, or the rale 
of interest, be no! exactly found in the tables, the nearest 
to thorn may be taken, and then by proportion the value 
for the true numbers will be nearly found. 

llulcs and tables for the values of three lives, &c, may 
also be seen in Simpson, in Baron Masercss, and in Bai¬ 
ley's Annuities, ^:c. All lhe.se calculations have been 
made from tables of the real mortuary registers, differing 
unequally at the several ages; but rules have also bern 
given on other principles, as by Dcnioivrc, on the suppo¬ 
sition that the decrements of life arc equal at all ages; an 
assumption not much differing from the truth, from 7 to 
70 years of age. 

Lirt-ANNUiTlKS, payable half-yearly^ ^fc.—These ore 
w<jrth more than those that are pnyablc yearly, as com¬ 
puted by the foregoing rules and tables, on iho two fol¬ 
lowing accounts: First, that parts of tlie payments arc 
received sooner; and 2 dly, there is a cbancc of receiv¬ 
ing some part or parts of a whole yea^^s payment more 
than when the payments arc only made annually. Mr. 
Simpson, in ins Select Exercises, pa. 283, observes, flint 
the value of tbc'Sc two advanlages. put together, will al¬ 
ways amount to ^ of a yearns purchase for half-yearly 
'payments, and t<i of a year's purchase for quarterly 
payments; and Mr. Masores, at page 233 8 cc of liis An- 
nuttiea, byvery elab<»rate calculation, finds the former 
difference to be nearly 7 also. But Dr. Price, in an essay 
in the Philos. Trans. vol. 66 j pa. JOfi, states the same dif¬ 
ferences only 

at ^ for ){al(-yearly payments, 
and Va (or quarterly payments: ^ 

And the doctor then adds some algcbroical theorems lor 
such calculations. 


Lif R'Ansuitiex, secured by Land.—These differ from 
oilici life-annuities only in this, that the annuity is to be 
paid up to the very day of the death of the age in ques- 
tif>n, or of the perM^n on wh'>sc life the annuity is granted. 
To obtain the more exact value therefore of such an an¬ 
nuity, a small quantity must be added to the same ns 
computed bv the foregoing rules and ol^servations, which 
is different according us the pa)inentsarc yearly, half- 
yearly, or quarterly, Ccc ; and are thus staled by Dr. Price 
in l)is essay quoted above ; viz, the ad<Ution 

is ^ for annual payments, 

or — for half-yearly payments, 

$ 

or — for quarterly payments : 

where n is the complement of the given age, or what it 
wants of SCi years ; and y, fi, 7 arc the respective values 
of an annuity certain for n years, payable yearly, half- 
yearly, or quarterly. And. by numeral examples, ills 
found that the firj'l of these additional quantities is about 
the second the 3d half a tenth of one year’s 

purchase. 

Cotnpfement of Live. See CoMri.i-MBVT. 

Expectation o/Iayv.. Sec Kx nCTATJON. 

Insurance or Assurance on Lives. See AssuhaKcf.. 

LIGHT, that principle by which objects are made per¬ 
ceptible to our sense of seeing; or the sensation occastoned 
in the mind by the view of luminous objects. The na¬ 
ture of light has been a subject of speculation from the 
first dawnings of philosophy. Some of the earliest philo¬ 
sophers doubted whether objects became visible by means 
of any thing proceeding from them, or from the eye of the 
spectator. But this opinion was qualified by Empedocles 
and Plato, who maintuiiicd, that vision was occasioned by 
particles continually flying off from the surfaces of bodies, 
which meet with others proceeding from the eye; while 
the effect was ascribed by Pythagoras solely to the parti¬ 
cles proceeding from tjic external objects, and entering 
the pupil of the eye. But Aristotle defines light to be the 
act of a iri-nspari nl body, considered as such : and he ob¬ 
serves iliai light is not fire, nor any matter radiating 
from the luminous body, and iraiisroilted through the 
iransp.'irent one. 

TheCiirlesianHliavcrefined considerably on this notion: 
they maintain thailight, as it cxisv$ in the luminous body, 
is only a power or faculty of exciting in us a very clrar 
and vivid sensation ; or that it is an invisible fluid present 
at all limes and in all places, but requiring to be set in 
motion, by a body ignited or otherwise properly qualified 
to make objects visible to us. 

Father Malbranchc explains tlic nature of light from a 
supposed analogy between il-nnd sound.—Phus, he sup¬ 
poses, all the ports of n luminous body are in a rapid mo¬ 
tion, Avliicb, by very quick pulses, are constantly com¬ 
pressing the subtle matter between the luminous body and 
the eye, and excites vibrations ofpression: and os these 
vibrations are greater, the body appeara more luminous; 
but M they are quicker or .slower, the body is of Ibis or 

that colour. , 

The Newtonians maintain, that light is not a fluid per 
Sf, but consists of o great uuraber of very small particles, 
thrown off from the luminous body by a repulsive power 
with an immense velocity, and in all directions: and these 
particles, they also assert, arc emitted in right lines: 
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which roclilinear motion they preserve till they are turned 
-out ot their path by some of the following causes, viz, by 
the attraction of some other body near which they pass, 
which is called IrWiectiou; or by passing obliquely through 
a medium of dirterent density, which is called Refraction ; 
or by being turned aside by the opposition of some inter* 
vcning body, which is called Reflection ; or, lastly, by 
bring totally ^topped by sotne substance into which they 
penetrate, mul which is called their extinction* A suc¬ 
cession of these particles follownug one another, in an ex¬ 
act straight line, is called a Ray of Light; and this ray, 
in whatever manner its direction may be changed, whether 
by rclraction, redeciioti, or inflection, always preserves a 
rectilinear course till it be again changed; neither, say 
they, is it (lossible to make it move in the arch of a circle, 
ellipsis, or other curve. For the above properties of the 
rays of light, sec tlic several words, REFnaCTtON, Kn- 
FLECriON, &c. ^ , 

The velocity of the particles and rays of light i» truly 
astonishing, amounting to near 2 hundred thousand miles 
in a second of time, wliich is near a million ciiuis gnalcr 
than the.velocity of a cannon-ball: and this amazing mo- 
tjon of light bus been muni fettled in various ways, but 
cliiclly from the eclipses of Jupiter's satellites. It was 
first observed i>y Roomer, that the eclipses of those satel¬ 
lites happen sornctimi's sooucr, and sometimes later, than 
the times given by the tables of them ; and that the ob¬ 
served time was before or after the computed time, ac¬ 
cording as (he earth was nearer to, or farther from Jupi¬ 
ter. Mence Roemer and Cassini both concluded that this 
circumstance depended on the distance of Jupiter from 
the earth ; and that, to account for it, they must suppose 
tbatdhc light was about 14 minutes in crossing the earth's 
orbit. This conclusion however was afterward abandoned 
and attacked by Cassini himself. But Roeiuer’s opinion 
found ail able advocate in Dr. Halley ; who removed Cas¬ 
sini's dilHculty, and left Rocmer’s conclusion in its full 
force. Yet, in a memoir presented to the academy in 
1707, M. Marahli endeavoured to strengthen Cassini's 
argumentii; when RocmerVdoctrine found a new defender 
in Mr. Round. See Philos. Trans, number 136', also my 
Abridg. vul. 6, pu. 349 and 386, and Groves, Phys. Eicm. 
number 2636: and it hos.since been found, by repeated 
experiments, that when tlio earth is exactly between Ju¬ 
piter and the sun, his satellites urcseen eclipsed about 8j 
minutes sooner than they could be according to the ta¬ 
bles; but when the earth is nearly in the opposite point 
of its orbit, these eclipses happen about 8^ minutes later 
than the tables predict them. Hence then it is certain 
that the motion oC light is not instantaneous, but that jt 
takes up about minutes of lime to pass over a space 
equal to the diameter of the earth's orbit, which is at least 
196 millions of miles in length, or. at the rate of near 
300,000 miles per second, as above stated. Hence it is 
easy to know the time in which light travels to the barth, 
from the moon, or any of the other planets, or even from 
the fixed stan if ever their distances be known; but these 
distances are so immensely great, 'that from the nearest 
of them, supposed to be Sirius, (he dog-star, it requires 
many years for light to travel to thc^arth; and it has* 
even been conjectured that there arc many stars whose 
light have not yet arrived at us since their creation. 

It w.as Galileo who first conceived the notion of measur¬ 
ing the velocity of light; and a description of his contri¬ 
vance for this purpose, is given in his Treatise on Me¬ 


chanics, pa. 59 lie had two men with lights covfVed ; 
the one was loob^;CT\e when tlu’oilier uncovered his light, 
and to exhibit his own the moment he perceived it. 'i bis 
rude experiment w as tried hi ilie distance of a mile, but 
without success, as may naiurjilly be imagined: and the 
members of the academy Del Cnnonto n pf.ated theex- 
|)eriincnt, and placed their obseiwrs, to as iililc purpose, 
at the distance of 2 miles. 

But t*ur excellent astrononu r. Dr. r>rutilty, aftcrwarils 
found nearly the same velocity of light as Koemer, from 
his accural observations, and inosi ingenious theory, to 
account for some uppareiil motions in (he fixed s^ars ; for 
an account of which, see Aueuratiov of light, liy a 
long series of these observations, he found Uie dillVfence 
between the true and af^parent placq of several fixe<l stars, 
for ditTerenl limes of the year ; which dilFefence could no 
otherwise be accounted for, than from the progrc'^sive mo¬ 
tion of the rays of liglit. I roin tiie mean quantify of this 
difl'en.*ncc he found, that the rali(»uf the velocity of light 
to the velocity of the earth in its orbiL was as 10313 to 1; 
or that light movv*s 10313 times faster th.in the earth 
moves in its orbit about the sun ; and as this latter mo¬ 
tion js at (lie rate of IS{4 mih-s per second neatly, U fol¬ 
lows tliut the former, or the velocity of ligiit, is ut the 
rate of about 193000 miles in a second ; a motion ac¬ 
cording to which it will rcijuire just 8* 7 ' to move from the 
sun to the earth, or about 93 niillions of miles. 

Ic was also inferred, from the foregoing principles, that 
light proceoils with the same velocity from all the stars* 
And hence it follows, that the motion of light, in its path 
through the immense space above our atmosphere, is 
e<|uabtc or uniforin. And since tlic diflVreni methods of 
determining the velocity of light thus agree in the result, 
it is reasonable to conclude tliut, in the same medium, 
light is propagated, after it has been retlcclocl, with the 
same velocity as before. For an account of Mr. Melville's 
liypothesis of the ditTerenl velocities of difTerently coloured 
rays, see Colour. 

To the doctrine concerning the materiality of light, and 
its amazing velocity, several objections havoAcen made ; 
of which the most considerable is, That as rays of light 
are continually passing in diflercot directions from every 
visible point, they must necessarily interfere with each 
other in such a manner, as entirely to confound all di¬ 
stinct perception of objects, if not quite to destroy the 
whole sense ofsc^dng : not to mention the continual waste 
of substance which a constant eiuisston of panicles must 
occasion in the luminous body, and thereby since (he 
creation must have greatly diminished the matter in the 
sun am) stars, us well as increased the bulk of the earth 
and planets by the vast quantity of particle's of light ab¬ 
sorbed by them in so long a period of time. 

But it has been replied, that if light were not a body, 
but consisted in mere pression or pulsion, it could .never 
be propagated in right lines, but would bo continually in- 
fiected ad umbrain. Thus Sir L Newton : A pressure 
on a fiuid medium, i, c. a motion propagated by such a 
medium, beyond an obstacle, which impedes any part of 
its motion, cannot be propagated in right lines, but will 
be always inflecting and ditTusing itself every way, to the 
quiescent. medium beyond that obstacle. The power of 
gravity tends downwards ; but I he pressure of water arising 
from it tends every way with an equable force, and is pro¬ 
pagated with equal case and equal strength, in curves, as. 
in straight lines. Waves, on the surface of the walc^glidiiig 
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l<y the cxtrcnicsof any very large obstacle, inflect and di¬ 
late tlii in-.ilvt>, itill <lif)iiMiigrniduullv intotlic quiescent 
water tK-yoinl that olisiacle. 1 he wavc>, pulses, or vibra¬ 
tions of the Jtir, wiuiciii sound consists, arc maniU-stly 
iiillecled, tlioii;!h not so considerably as the waves of 
water; and sounds are propagated with equal case, through 
crooked tubes, and through straight lines ; but light was 
never known to move in any curve, nor to inllect itself ad 
iimbr.ini." 

It must he ackmiwledgxl however, that many philoso¬ 
pher-, l.otli Kiiglish and foreigners, have recuriid to the 
opinion, iliai li^hl consists of vibrations propagated from 
the iuniiiious hixly, through a sulitle eilierial medium. 
I he ingenious Dr. l-'niiiklin, in a letter dale<l April 53, 
1752, expresses his dissatisfaction with the doctrine of 
light coiiMsling ol particles of matter contiiuially driven 
ori troll) tlie sun’s surlacr, with such an astonishing velo¬ 
city. “ Must not," says he, “ the sinullcst poition con- 
ceiviibii, have, with such a motion, a force exceeding that 
ol a 2 t poundei discharged from a cannon ? Must not the 
sun dinnnisli exceedingly bj such a waslcof inatler ; and 
the |)lancts, instead of drawing nearer to him, a.s some 
luue h'iireil, recede to guater distances through llic dimi¬ 
nished attraction ? Vet these particles, with this amazing 
motion, will not drive before them, or remove, the least 
and siiglitest dust they meet with ; and the sun appears to 
continue of his ancient dimensions, and his attendants 
move in their imeient orbits." lit therefore coiijocturts 
that all the plu iiomena of light may be more properly 
solved, by supposing all space filled with a subtle elastic 
fluid, which is not visible when at rest, but which, by its 
vibrations, affects that line sense in the eye, as those of 
the air aflcct the grosser organs ofihecar; and even that 
different degrees of the vibration of this medium may cause 
the appearances of different colours, Franklin’s Exper. 
and ObsiTv. 1761), pa. 264. 

'I’hc celebrated F.ulcr has also maintained the same liy- 
imihesis, in his Tlicoria Lncis ct Colorum. In the sum¬ 
mary of his iivguiiu'iits against the common opinion, re¬ 
el teil in Acad. Heri. 1752, pa. 271, besides the objections 
above inciuioned, he doubts the possibility, of particles 
of iimttcr, moving with the ninazing velocity of light, and 
pcnctnifing transparent substances with so much ease. In 
whatever manner they are transmitted, those bodies must 
have pores, disposed in right lines, and in all possibletli- 
rectioiis, to serve as canals for the passage of the rays: 
hut sucli a structure must lake away all solid matter 
from those bodies, and all coherence among their parts, 
if they do contain any solid matter. 

Doctor-llorsley has taken consitlemble pains to obviate 
the difliculties started by Dr. Franklin. Supposing that 
the diameter of each particle of light does not exceed one 
tiiillionlh of one millionth of an inch, and that the den¬ 
sity of each particle is even 3 times that of iron, and also 
that the light of tho sun reaclus the earth in 7', at the 
distance of 22i)lJ) of the earth’s sciniiliamcters, he calcu¬ 
lates that the momentum or force of motion in each par¬ 
ticle of light coming from the sun, is less than that in an 
iron ball of a quarter of an inch diameter, moving at the 
rate of less than an inch in 12 thousand millions of mil¬ 
lions of years. And hence he conclude*, that a particle 
of matter; which probably is larger than any particle of 
light, moving with the velocity of light, has a force of 
motion, which, instead of exceeding the force of a 24- 
pounder discharged from a cannon, is almost infinitely 


less than that of the smallest shot discharged from a 
pnckci pistol, or less than any that art can create. He 
also iliinks it possible, that light may be produced by a 
Continual einissiou of matter from the suii, without any 
such waste of his substance as should sensibly contract his 
dimensions, or alter the motions of the planets, within 
any moderate length of time. In proof of Uiis, he ob¬ 
serves that, for the production of any of the phenometm 
of light, it is not necessary that the enianation from the 
sun should be continual, in n strict mathematical sense, 
or without any interval ; and likewise that part of the 
light which issues from the sun, is continually returned 
to him by rcfieclion from the planets, ns will ns other 
liglit trom the sun» of other systems. He proceed*, by 
calculation, to show, that in 385,130,000 years, ibcsun 
w()uld lose but the 13C32d part of his matter, and consr- 
qiicntly of the gravitation towards him, at any given dis¬ 
tance ; which is an alteration much loo small to discover 
itself in the motion of the earth, or of any of the planets. 
He further computes that tho greatest stroke which the 
retina of a common eye sustains, when turned directly to 
tlie sun ill a bright d.iy, docs not exceed ihaCwliich would 
be given by tin iron shot, a quarter of an inch diameter, 
and moving only at the rate of 16 ^ inches in a year; 
whereas the ordinary stroke is less than the 2084th part 
ofihis. See Philos. 'I rans.vol. 60 and 6l- 

lii an:.wcr to the difficulty respecting the interference of 
the particles of light with each olhci, Mr. Melville ob¬ 
serves (Edinb. Ess. vol. 2), there is probably np phy’sical 
point in thu visible horizon, that does not send rays to 
every other point, unless where opaque bodies interpose. 
Light, in its passage,from one system to another, often 
passes through torrents of light issuing from othepsuns 
and systems, without ever interfering, or being diverted 
from its course, either by it, or by the particles of that 
elastic medium, which has been supposed by some diffused 
through all the mundane space. To account for this fact, 
lie supposes that the particles of light arc incomparably 
rare, even when they are the most denfc, or that their 
diameters arc incomparably less than their ilistancc from 
one anotlicr : which obviates the objection urged by Euler 
and others against the materiality of light, from its influ¬ 
ence in disturbing tlie freedom and perpetuity of the ce¬ 
lestial motions. Buscovich and some others solve the dif¬ 
ficulty concerning the non-interference of the particles of 
light, by supposing that each particle is endued with an 
insuperable impulsive force; but in this case, ihcirspbrres 
of impulsion would be more likely to interfere, and on 
that account they would be more liable to disturb one 
another. 

Mr. Canton shows (Philos. Trans, vol. 58, po. 344), that 
tlie (lifliculty of the interference will vanish, if a very small 
portion of time be allowed between the emission of every 
particle and tlic 'nc^t that follows in the same direction. 
Suppose, for instance, that a lucid point in the sun’s sur¬ 
face emits 150 particles in & second of time, which, be 
observes, will be more than sufficient to give continual 
light to the eye, without the least appearance of inter¬ 
mission ; yet still the particles of such a ray, on account , 
of their great velocity, will be more than 1000 miles be¬ 
hind each other, a space sufficient to allow others to pass 
in all directions without any perceptible interruption. 
And if we adopt the conclusions drawn from the experi¬ 
ments cn the duration of the sensations excited by light, 
by the chevalier D'Arcy, in the Acad. Scienc. 1/65, who 


L I G 


L 1 G 


t 3 


statics it at the 7th part of a second, an interval of more 
ihau 20,000 miles may be admitted between every two 
successive particles, 

I'hc doctrine of lliemateriality of light is further con¬ 
firmed by those cxperimcrils, which show, that the colour 
and inward texture of some bodies arc changed by being 
exposed to the light. 

0/ihe Momaitum^ or Force, of the Particles of Light. 
Some writers have attempted to prove the materiality of 
light, by deleriuining the momentum of tbeir component 
particles, or by showing that they have a force, so as, by 
Uicir impulse, to give motion to light bodies. M. Horn- 
berg, Ac. Par. 17 t) 8 , Hist. pa. 35, imagined, that he could 
not only disperse pieces of amianthus, and other light sub¬ 
stances, by the impulse of the solar rays, but also ihnt by 
throwing them upon the end of a kind of lever, connected 
with the spring ot a watch, he could make it move sen¬ 
sibly ijuickcr; Irom which, and from other experiments, 
he interrefi tlic weight of the particles of light. And 
Hartsoecker made pretensions of the same nature. But M. 
Du Fay and M. Muiran made other experiments ufamorc 
^curate kind, without the efiects which the former had 
imagined, and which even proved that the effects-men¬ 
tioned by them were owing to currents of heated air pro¬ 
duced by the burning glasses used in their experiments, or 
some other causes which they had overlooked. 

Dr. Pric*stley, however, informs us, that Mr. Michcll 
CTidcavotircd to ascertain the momciutiin of light with still 
greater accuracy, and that his endeavours were not alto- 
gotber without success. Having found that the instrument 
he used, acquired, from the impulse of tbc rays of light, 
a Telocity of an inch in d second of time,' he inferred that 
the quantity of matter contained in the rays fulling upon 
the instrument in that time, amounted to no more than 
the 12 hundred millionth part of a grain. In the experi- 
tnent, the light was collected from a surface of about S 
square feet; and as this surface reflected only about the 
half of what fell upon it, the ((uanlity of matter contained 
10 the solar rays, incident upon a square foot and a half 
of surface, in a second of time, ought to be no more than 
the 13 hundred millionth part of a grain, or upon one 
square foot only, the IB hundred millionth part of a grain* 
But as the density’of the rays of light at the surtacc of the 
sun, is 45000 times greater than at the earth, there ought 
to issue from a square foot of the sun's surface, in one 
second of time, tbc 40 thousandth part of a grain of mat¬ 
ter ; that is, a little more than 2 grains a day, err about 
4,752,000 grains, which is about 670 pounds avoirdupois, 
in 6000 years, the time since the creation ; a quantity 
which would have shortened the sun's semidiameter by no 
more than nlx>ut 10 feet, if it be supposed of no greater 
density than water only. 

The Expansion or JExlension of any portion of light, is 
inconceivable. Dr. Hooke shows that it is as unlimited 
as the univene; this be proves from the immense distance 
of many of the fixed stars, which only become visible to 
the eye by the best telescopes. Nor, adds be, ore they 
only the great bodies of the sun or stars that are thus 
liable to disperse their light through .the vast expanse of 
the universe, but the smallest spark of a lucid body roust 
do the same, even the smallest globule struck from a steel 
by a flint. 

The ZiMniify of different lights, or of tbc same lightin diffe¬ 
rent clrcumstaDCCS, affords a curious subject of speculation. 
M.Bougucr, ID his Traits deOptiquOi found that when cue 


light is from 6o to 80 times less than another, its piescnce 
or absence will not Ic percciicii by an ordinary cyv ; that 
tbc moon's light, when she is 10' high above tin- ho- 
rizon, is hut abtjiii | of lur light at (>0' II' hi-«j ; and 
when one limb just tuuchul the hori/on, her light is but 
the SOC'nIi part ol hei ijglil at OYi^ 11'high ; and that 
hence lighl is diminished in the jirof^ortion of 3 to J by 
traversing 7^69 toisos of dejise an. He found aU</, that 
the centre of tlic sun's <lisc is. conbulerably mure luminous 
than the edges of it; wlicreas both the primary an<l se¬ 
condary plaiiiits are more luininons at thcjr ed^is ihuu 
near their centres: That, further, the light ol rim stin is 
about 300,000 times greater than that ol ihc moon; and 
therefore ic is no wonder that piiilosopiit rs have had so 
little success in tbeir attempts to collect tlie light of the 
moon with burmng-glussc^s ; for, should one of the hugest 
of them even increase the ligfu 1000 times, it will still 
leave the light of the moon in the focus of iht* glass, 300 
time^ less tlmn the iirtciisity ol ilic coniiuon light ot (be sun. 

Dr. Smith, in his Optics, v«d. ), pa. 39, thought he 
had proved ihat the light of the full moon would be only 
the 90,.900th part ofthc full day light, if no rays vverclost 
at the moon. But Mr. Robins, in his I racts, vol. 2, pa. 
225, shows that this is too great by one Imif. And Mr* 
Michel], by a more easy and accurate mode of computa¬ 
tion, found that the density of the sun $ liglu on the sur¬ 
face of the moon is but the 45,000th part of thcMiensity at 
the sun ; and that ihere^prc, as the moon is nearly of the 
same apparent magnitude as the sun, ifshc reflected to us 
all the light received on her surface, it would be only the 
45,000th part of our day light, or that which vve receive 
from the sun. Admitting therefore, with M. Bougiier, 
that the moon's light is only the 300,000th part of the tUy 
or sun's light, Mr. Micbell concludt's that the moon re¬ 
flects no more than between the 6'th and 7th part of what 
she receives. 

Dr. Gravesandc says, a lucid body is that which emits 
or gives fire a motion in right lines, and inakcs the dif¬ 
ference between light and heat to consist iu this, that to 
produce the former, tbc fiery particles must enter the eye 
in a rectilinear motion, which is not required in the latter: 
on tlic contrary, an irregular motion seems more proper 
for it, as appears from the rays coming directly from the 
sun to the tops of mountains, which have not near that 
effect with those in the valley, agitated with an irre¬ 
gular motion, by several reflections. 

Sir I. Newton observes, that bodies and light act mu¬ 
tually on each other, bodie^n light, in emitting, re¬ 
flecting, refracting, and inllecllilgit; and light on bodies, 
by heating them, and putting their parts into a vibrating 
motion, in which heat principally consists. For all fixed 
bodies, he observes, when heated beyond a certain tiogree, 
do emit light, and shine; which shining &c appears to be 
owing to the vibrating motion of their parts; and all bo* 
dies, abounding in earthy and sulphureous particles, if 
sufficiently agitated, emit light, which way soever that 
agitation becffyctccL Thus, sea water shines in a storm } 
quicksilver, when shaken in vacuo; cats or horses, when 
rubbe<l in the dark; and wood, fish, and flesh, when pu¬ 
trefied. 

Light proceeding from putrescent animal and vegetable 
substances, as well as from glow-worms, is mentioned by 
Aristotle. And Bartholin mentions four kinds of luminous 
insects, two of which have wings: but in hot climates it 
is said they arc found in much greater numbers, and of 
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<linVr('iU ^|)ocies. Columna obscnos, that theirlioht is 
hot imim dialely oil the death of the animah 

I'he rtfst distinct account that occurs of light proceeding 
from ptitrescimt animal ni*sli, is that nhich is given by 
Fubricius ub AcjuapciKlentc in 155)^* dc \'isioncT &c, pa. 
4 j. And Bartholin rohitcs also a similar appearance in 

treatise De Luce Aniinaliuin, which happened at Mont- 
pelier in l(i H. 

Mr. Boyle speaks of a piece of shining rotten wood 
uliicli \rav extinguished in vacuo; but on re*admitting 
iIjo hiTt it n cived again, and shone as before ; though he 
couhl not perceive that it wa^ increased in condensed air. 
Bui JO Birch’s History of llie Koval Society, vol.'2, pa, 
there is an account of the light of a shining lishf 
uliicli uas rendered more vivid by putting the fish into a 
condonsins enuine. Whitings were the fi>h commonly 
used by Mr. Bojle in his experiments : though in a dis¬ 
course read before the Royal Society in 1681, it was as¬ 
serted il)al, of all fishy suhstance^, the 4‘ggs of lobsters, 
alter they liad been boiled, shone the brightest. Birch’s 
Ill'll, vol. 2, |)a, 70. In 1672 Mr. Boyle accidentally ob¬ 
served light issuing from flesh meat; and, among other 
remarks on this suliject, ho observes lliat extreme cold 
extn)gui''hes the light of shining wood ; probably because 
extreme cold checks the piitrchictiou, which is the cause 
of the liglit. 1*ho shell fish called pholas, is remarkable 
for Us luminous cjuulity. ’Flic Iiiinitiousncss of the sea 
has hi*eii also a subject of frequent observation. See Ignis 
PATOUS, PmLosouoRus, aiul PuTar.FACTioN. A:c. 

Mr. liawksbee, and many writers on the subject of 
electricity since his time, have produced a great variety of 
instances of the arlificiHl production of light, by the attri¬ 
tion of bodies naturally not luminous ; as of amber rubbed 
on woollen cloth in vacuo; of glass tin woollen, of glass on 
glass, of oyster shells on woollen, and of woollen on 
wool ten, all in vacuo. On the several experiments of this 
kind, he makes the following reflections: that different 
sorts of bodic*i afford light of various kin<li, with regard 
both to colour and force; that the effects of an attrition 
^ire various, according to the diflerent preparations and 
treatment of the bodies which are to endure it; and that 
bodies <vliich have yielded u particular light, may be 
brought by fricli<Mi to yield no more of that light. , 

M. Uernoulli found by experitaent, that mercury amnl- 
gamali*d wiili tin, nnd rubbed on glass, produced a con¬ 
siderable light in the air; that gold rubbed on ginss, ex¬ 
hibited the same in a greater degree; but that.the most 
exquisite light of all wn^ produced by the attrition of a 
diamond, tliis being equally vivid with that of a burning 
c<ial briskly agitated with the bellows* See Electri¬ 
city, icc. 

0/(he ^ttracihn qf Light. That the particles of light 
are iiltracled by those of other bodies, is evident from nu¬ 
merous experiments. This phenomenon was observed by 
Sir L Newton, who found, by repeated trials, that the rays 
of light, in their passage near the edges of bodies, ore di¬ 
verted out of the right lines, and always inflected or bent 
towards those bodies, whether they be opaque or trans¬ 
parent, as pieces of metaU, the edges of kiiivesi broken 
glasses, &c. See Inflection and Rats* The cu¬ 
rious observations that had been made on this subject by 
Dr. Hooko and Grimaldi, led Sir I. Newton to repeat and 
diversify their experiments, and to pursue them much 
farther than they had clone. For a particular account of 
his experiment and observations, see his treatise oh Qptics, 
pa. 293, 6 tc. 


This action of bodies on light is found to exert itself at 
a sensible distance, though it always increases as the dis¬ 
tance is diminished; as appears very sensibly in the 
passage of a ray between the edges of two thin j>iancs at 
different apertures; which is Httended with this peculiar 
circumstance, that the attraction of one edge is incirajcd 
as the other is brought nearer to it. The rays of light, 
in their passage out of glass into a vacuum, arc not only 
inflected towards the ghiss, but if they fall too obliquely, 
they will revert back again to t^c glass, and be totally re¬ 
flected. Now (he cause of this reflection cannot be attri¬ 
buted to any resistance of the vacuum, but must be en¬ 
tirely owing to some force or power in the glass, which 
attracts or draws back the rays as they were passing into 
the vacuum. And this appears to be further conflrmcd 
from hence, that if you wcl the back surface of the glass 
with water, oil, honey, or a solution of quicksilver, then 
the rays which would otherwise have been reflected, will 
pervade and pass through that liquor; which siiows that 
the rays are not reflected till they come to that back sur¬ 
face of (he glass, nor even till they begin to go out of it; 
for if, at their going out, they fall into any of the afore¬ 
said mediums, they will not then be reflected, but will per¬ 
sist in their former course, the attraction of the glass being 
in this case counterbalanced by that of the liquor. 

M. Maraldi prosecuted experiments similar to those of 
Sir I. Newton on inflected light. And his observations 
chiefly respect the inflection of light towards other bodies, 
by which their shadows are partially illuminated. Acad. 
Paris 1723, Mem. pa. 159* See also Pric$tlc/s Hist, 
pa* 521, &c. 

M. Mairan, without attempting the discovery of new 
facts, endeavoured to explain the old ones, by the hypo¬ 
thesis of an atmosphere surrounding all bodies ;^nd con¬ 
sequently fwo reflections and refractions uf light that im¬ 
pinges on them, one at the surface of the atmosphere, and 
the other at the surface of the body itself* This atmo¬ 
sphere be supposed to be of a variable density and refrac¬ 
tive power, like 2he air. 

M* Dutour succeeded Mairan, and imagined that he 
could account fur all the phenomena by the help of an 
atmosphere of a uniform density, but of a less refractive 
power than the air surrounding ull bodies. Dutour also 
varied the Newtonian expcriuicnts, and discovered more 
than three fringes in the colours produced by the inflection 
of light. He further concludes that the refracliog atmo¬ 
spheres, surrounding all kinds of bodies, are of the same 
size; for when he used a great variety of substances, and of 
different dimensions, he always found coloured streaks of 
tbc same dimensions. He also observes, that this hypothesis 
contradicts an observation of Sir I. Newton, vi*, that those 
rays arc the most inflected which pass the nearest to any 
body. Mem. dc Math, cl dc Phys. vol. 5, pa. 650, or 
Priestley's Hist. pa. 531. ^ ^ 

M. Lecat found that objects sometimes appear magni¬ 
fied by means of the inflection of light looking at a 
distant steeple, when a wire, of a IcSs diameter than the 
pupil of bis eye, was held pretty near to it, and drawing it 
several times between that object and his eye, he was sur¬ 
prised to find that every time the wire passed before bis 
eye, the steeple seemed to change its place, and some bilk 
beyond tho steeple seemed to have the same motion, just 
as if a lens bad been drawn between them and his eye. 
This discovery led him to several others depending on the 
inflection of the ray^ of light* Thus, he magnified small 
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objects, as the head of a pin, by viewing them tbrouoh a 
small hole in a card ; so chat ihe rnys'which formed the 
image must necessanly pass so near The circumforcnco of 
the hole, as to be attracted by it. He exhibited also other 
appearances of a similar nature. Tiaite des Sens, pa.'^99. 
Priestley, ubi supra, pa. 637. 

Rtfitcliou and lic/'raclion of Li"hl. From the mutual 
nttraction between the panicles ot light and other bodie'v, 
arise two other grand plu noiueim, besides the indectioi. .)r 
Jight,«hich are called the re/lection and retraction ol Imhl. 
It IS well known that the detei ininauon of bodies in mo¬ 
tion, e.specially clastic ones, is ciiangixl by the interposition 
of other bodies in their way : thus also light, impinging on 
the surfaces of bodies, should also be l(irned out ol its 
cour^‘, and beaten back or retlecled, so as, like other 
striking bodie.s, to make the angle of its relh ciion i qual to 
the angle of incidence. This, it is found by experience, 
light does; and jet the cause ot this eflect isdifteieiil Iroin 
that just now assigned: for the rays of light arc not re¬ 
flected by striking on the very pai is of the lellecliiig bodies, 
but by some power equally dithised over the whole surface 
of the body, by which it acts on the light,either attracting 
or repelling it, without contact: hy which same power, in 
other circumstances, the rays arc refracted; and by which 
also Ihcrajs arc first emitted from the luminous body; us 
Newton fully proves by a great variety ot arguments. See 
Uei'LECtios' and I^eekaction. 

That great author proves, tliat all those rays which arc 
reflected, do not nully touch the body, Ihotigh they ap¬ 
proach infinitely near to it; and that those wliiciv strike on 
the parts of solid bodies, adhere to them, und arc as it 
were extinguished und lost. Since the reflection of the 
rays is ascribed to the action of the whole surface of the 
body without contact, if it be asked, how it happens that 
all the rays are not reflected from every surface; but that, 
while some are reflected, others pass through, and arc re¬ 
fracted ? the answer given by Newton is as follows: — 
Every ray of light, in its passage through any refracting 
surface, is put inloa certain transient coiistiluiiuii or slate, 
which in the progress of tlie ray returns at equal intervals, 
and disposes the raj at every return to be easily transmitted 
through the nc.vt refracting surface, and between the re¬ 
turns to be easily reflected by it: which alteration of re¬ 
flection and transmission it appears is propagated from 
every surface, and to all distances. What kind of action 
or disposition this is, and whellur it consists in a circula¬ 
ting or vibrating motion of the ray, or the medium, or 
•oincthing else, he docs not enquire; but allows those who 
arc fund of hypotheses to suppose, that the rays of light, 
by impingeing on any reflecting or refracting surface, 
excite vibrations in the reflecting or relruciiiig medium, 
and by that means agitate the solid parts ol the body. 
Tlicsc vibrations, thus produced in the medium, move 
faster than the rays, us to overlukc them ; 'and wlien 
any ray is in that part of the vibration which conspires with 
its motion, its velocity is increased, and so it easily breaks 
through a refracting surface; but when it is in a contrary 
part bf tbe vibration, which impedes its motion, it is easily 
reflected ; and thus every ray is successively disposed to be 
easily reflected or transmuted by every vibration which 
mectf it. These returns in the dupdiitiun ot any raj to be 
reflected, he calls Fils of Easy Reflectiun ; and the returns 
in the disposition to be transmitted, he calls Fils of Easy 
Transmission; also the space between the returns, the In¬ 
terval of the Fits. Ficncc iheu tbe rcusen why the surfaces 
Voj« I. 
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ofall thick transparent bodies reflect part of the liMht in- 

their incl.leiicc are in tits of easy reflection, and others of 

ofrfj{,acdL,g/.i,^-c 

l^tFLECTlOX, MjUlioil, ih:c. ^ 

r of one medium into 

an , her of dirten-.U density, and in its passage makim. an 

oblu ne anglew.th the su.tuee that s. pumu-. '.he mediums, 

ill be icfractcd. or turned out of its di.cciioii; because 
the rays are more strongly .attracted bv a denser than by 
a rare, medium. That these ravs .ai'e not refracted by 
-tnk.na on ti,e sol.d parts of bodic-, but .hut thi, is el¬ 
ected w.ihout a real contact, and by the same force bv 
V hich they are emitted and reflecKd, only exertii... itself 
diirerently in iliftereiu circunisiaiiccs, is prov.d in a ere.il 
.nea.nre by the same arguments l»y w hieh ,t is .lemons.ral. d 

that rclli riion is performed w ithoul contact. Sec Ur» n it- 
Tiox, Li.xs, CoI.al;K,^•ISlON,&c. 

light are yet but very impe-rfccilv liiown, thriu-h there is 

mnn°" V ‘“‘portance in 

mar y of the prmc.pa changes tliat are goingon in the visible 

woiUI, and ewen 111 the experiments of the laboratory its 

eflects are often clearly demonstrable. ^ 

The process of rapid combustion is always attended 
wit , the evolution of light along with heat, the source of 
botl. of which IS ascribed by Lavoisier to the o.xycen. 
which IS known to be essential to combustion; $0 that 
according to this enmuiU philosopher, while any sub¬ 
stance is burning, the oxygen alone unites with the com- 
bustible substance, forming an oxy<l, acid, 6:c, according 
loci.cumstanccs; and both the light and heat which pre¬ 
viously existed ip Ihco.xygcn arc now set at liberty, and 

appear in the form of visible flame. 

Hut there arc many weighty objections to the latter part 
of this h)potl)csi& (see 02 y<>m uucl Combustion)^ so that 
many ctiemisls have rcturnctl to the old opinion, that 
the light is derived from the burning body, and not from 
the o.sygcn that supports combustions; an opinion which 
on the whole better agrees with tlic obscrvcl phenomena. 

The sun's rays, the great source of light and heal to 
our world, have been found by Dr. Herschel to contain, 
besides all the common coloured niys, separable by the 
prism, a number of rays of mere heat, giving no light still 
less refrangible than the red rays of the spectrum, and 
therefore extending beyonil them, and producing a greater 
heal limn any of the visible rays. Since that hme it has 
been discovered, as appears, both by Dr. Wollaston. 
Philosophical Frans, for 1802, and Mr. Ritter, Philoso’ 
pineal Journal, 8vo, vols. 4 und 8, that beyond the oppo¬ 
site, or violet side of the prism, arc certain other rays, also 
invisible, which do not eflect the thermometer, but which 
produce some of the chemical effects of the visible rays of 
light, particularly of the violet rays to which they arc con¬ 
tiguous. These therefore appear to be, if the expression 
may be allowed, ,nvuib/e niy* of Ughl, or rays which, 
though they do not illuminate, agree in cbemicql proper¬ 
ties with those that do, and appear to be more than any 
Ollier, separalc from solar hent. ^ 

The most rapid and most unexceptionable clioroical 
effects of pure light hitherto discovered, has been the 
change of colours of u7i//e hmn cornea^ to u purplish 
brown, or slate colour This change takes place without 
requiring the least increase of temperature, or in any way 
being affected by heat or cold, ond it occurs equally well 
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in clo«c in open vessels, and only on the surface imme^ 
diatrly expove d to the ligiit. Akin'i Chtm. Did* 

LlGlll NlNG, a large bright tlanie, sho^^ling swiftly 
f lir(»ugh the aiinospljcre, of inomcntsiry or very short dura¬ 
tion, and commonly atlrndcd >Mll» thunder. 

Some philt)50|'hers acciiuuted for this awful natural 
pltenoincnon in this manner, (hat an inllammablo 
substance is fornud of the particles o( siilpliur, nitre, and 
other coinbiistihlo matter, whicli arc exhaled from the 
earth, and carfi<‘d into the higher regions of the nlmo- 
splu ie, arnl that by the collision of two clouds, or olher- 
w»>e, lliis stibsfance lakes fire, an<l darts out into a train of 
liglit, largi r or smaller according to tin* strength and (pian- 
iny of ilie mnti rials. And others have explained the phe¬ 
nomenon of lightning by the fermentation ol stil|)hureous 
subslimets with niiunis acids* SeeTnuNUEU. 

llul it is now universally ull<iwcd, that lielitiiing is really 
an electrical explosion or phenomenon. Phil(«ophers ijad 
not pioceedid far in their (xperiments and enquiries on 
this subject, before they perceived the obvious analogy 
between lightning ami eleciricifv* and they prfuluccd many 
arguments to evince their suuiUiriiy. iWt the method of 
proving this hypothesis bcyi>nd aduuht, wQsfirsl proposed 
by Dr. Franklin, who, about the close of the year 
conceived the practicability of drawing lightning down 
from the clouds. V^ariotis circumstances of resemblance 
between ligltlmng and electrichy were remarked by this 
ingenious |diilo>opher, and have been abumlantly con- 
Jirine<l by later discoveries,such as the following: Flashes 
of lightning arc iistially seen crooked anti waving in the 
air; so the electric spark tirawn fnim an irregular botly 
at some tlistance, and when it is drawn by an irregular 
body, or through a space in which the best conductors 
are tlisposed in an irrcgnlar manner, always exhibits the 
samt* appearance: lightning strikes the highest and most 
pointrd <ibjects in its cotu>e, in preference to others, as 
iiills, trees, spires, masts of ships, ^c; so all pointed con¬ 
ductors receive and throw off the electric fluid more rca- 
tidy than those that are terminated by flat surfaces: light- 
j)ing is observed to take and follow tbc reatliest and best 
conductor; and the same is the case with clccliicity in 
the discliarge of the Ix*yden phiol; wliencc the doctor 
infen, that in a tlmndcr-stonn, it would be safer to have 
one's clothes wet than dry; lightning burns, dissolves 
metals, rends s<imc bo<lies, sometimes strikes persons blind, 
destroys onimal lite, tleprives magnets of their virtue, or 
reverses their poh's; and all tliose arc vvell-knowii pro¬ 
perties of electricity. 

Hut lightning also gives polarity to l\w mognetic needle, 
as*well to all bodies that have any thing of iron in 
them, as bricks &c; and by ohsiTving afterwards which 
Wciy the magnetic poles of iluse bodies lie, it may thence 
be known in wlmt direction the stroke passed. Persons 
are sometimes killed by liglitning, without cxhildting arfy 
visible marks of Injury; and in this case Sig. Heccarhi 
su)>poscs that tlic lightning does not really touch them, 
but only produces a sudden vacuum near them, and 
the air rushing violently out of tht*ir lungs to supply 
it, they cannot recover ihcir breaih again: and in proof 
of this opinion he alleges, that the liings of such persons 
arc found flaccid ; whereas these are found inflincd when 
(he persons arc really killed by the electric shock. This 
hypothesis however is controverted by Dr. Priestley. 

To demonstrate by actual experiment, the identity of 
the cluctric fluid with (bo mutter of ligUtningi Dr. Frank¬ 


lin contrived to bring lightning from the heavens, by 
means of a paper kite, properly fitted up for the purpose, 
with a long fine wire string, an3 called an electrical kite, 
which he laiscd when a thunder-storm was perceived to 
bi' coming on: and with the electricity thus obtained, he 
charged phials, kindled spirits, und performed all other 
such electrical experiments us arc usuall)' exhibited by 
an excited gluss globe or cylinder. This huppimed in 
.Tunc 1752, a month after the electricians in France, in 
pursuant* ol the iiielhod which he had before proposed, 
had \orilied the same theory. The most active of these 
were Messrs. Dalibard und Dolor, followed by M. Mazeas 
and M. Monnier. ^ 

In April and June 1753, Dr. Franklin discovered that 
the air is sometimes elcctriruHl negatively, as.well as some¬ 
times positively; and he even found that the clouds would 
change from positive to negative electricity several times 
in the course of one tbundcr-gust. This curious and im¬ 
portant discovery he soon perceived was capable of being 
applied to practical use in life, and inconsequence proposed 
a method, which he soon accompKshed, of securing build¬ 
ings from being damaged by lightning, by means of CoK- 
^DUCTons: which see. 

Nor liad the English philosophers been inattentive to 
this subject: but, for want of proper opportunities of 
trying the necessary experiments, and from some other un¬ 
favourable circumstances, they had failed of success. Mr, 
Canton, however, succeeded in July 1752;'and in the 
following month Dr. IWvis and Mr. Wilson observed nearly 
the same appearances as Mr. Canton had done before. 
By a number of experiments Mr. Canton also soon after 
observed that some clouds were in a positive, while some 
were in a negative state of electricity; and that the elec¬ 
tricity of bis conductor would sometimes change, from one 
state to the other, live or six times in less than halfan hour. 

But Sig. Beccaria discovered this variable state of thun¬ 
der clouds, before he knew that it had been observed by 
Dr. Franklin or any other penon; and he has given a 
very exact and particular account of tbccxternol appear¬ 
ances of these clouds. From the observations of Ins op- 
paratus within doors, and of the lightning abroad, he in¬ 
ferred, that the quantity of electric matter in a common 
thunder-storm, 5s inconceivably great, considering how 
many pointed bodies, ns spires, trees, &c, are continually 
drawing it off, and what a prodigious quantity is repeat¬ 
edly discharged to or from the earth. This matter is in 
such abundance, that he thinks it impossible for any cloud 
or number of clouds to contain it all, so as either to re¬ 
ceive or discharge it. He observes also, that during the 
progrc^$ and increase of the storm, though ilic lightning 
frequently struck to the earth, the same clouds were the 
next moment ready to make iv still greater discharge, and 
his apparatus cuiitiniied to be us much affected as ever; 
so that the clouds must have received ut one part, in tbc 
saiDo moment when a discharge was made Irom them in 
anotlier. And from the whole he concludes, that the 
clouds servo as conductors in convey the electric fluid 
from those parts of the earth that arc overloaded with it, 
to those that are exhausted of it. The same, cause by 
which a cloud is fint raised, from vapours dispersed in the 
atmosphere, draws t^it those that arc already iormed, and 
still continues to form new ones, till the whole collected 
mass extends so far as to reach a part ot the earth where 
there is a deficiency of the electric fluid, and where the 
electric matter will discharge itself on the earth* A chan- 
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ncl of communicalion hemg tlius formed, a frcih supply 
of electric matter is raised Iroin the uverloiide<l part, wlncli 
continues to be conveyed by tho medium of the clomls, 
till the equilibrium of ibe tluid is restored between the 
two places of the earth. Sig. Bcccaria observes, that a 
wind always blows from the place from which the thun- 
der-clond proceeds ; and it is plain that the sudden accu¬ 
mulation of such it prodigious quantity of vajjours must 
displace the air. and repel it on all sides. Iiuleeil nmny 
observations of the descent of lightning confirm his theory 
of the manner of its ascent; for it often throws before it 
the parts of conducting bodies, and distributes them along 
the resisting meilium, through which it must forccits pas¬ 
sage ; and on this principle, tlie longest Hashes of light¬ 
ning sccin'lo be made, by forcing into its way part of the 
vapours in the air. One ot the chief reasons why tlicse 
/lushes make so.long a rumbling, ia that they ari^occasion- 
ed by tiie vast length ofa vacuiim made by the pa-sage of 
the electric matter: Cor thougli tlie air collajjses the mo¬ 
ment after it has passed, and that the vibration, on which 
the sound depemls, commences at the same moment; yet 
when the Hush is directed towards the person who hears 
the rc[)ort, the vibrations excited at the nearer end of the 
track, will reach his ear much sooner than those from 
the inure remote end; and the sound will, without any 
echo or repercussion, continue till all the vibrations have 
successively readied him. 

Ilow it happens that particular parts of the earth, or 
tho clouds, come into the opposite states of positive and 
negative electricity, is a question not absolutely determin¬ 
ed : tlHJUgli it is ea^y to conceive that when puiticular 
clouds, or dilVercnt parts of the enrih, possess opposite 
eicctncilics, a discharge will take place within a certain 
distance; or the one will strike into the other, ami in the 
discharge a ilush of lightning will be seen. Mr. Canton 
queries whether the clouds do not become possessed of 
electricity by tlie gradual heating and cooling of the air ; 
and whether air suddenly rardied, may not give electric 
fire to clouds and vapours passing through it, and uirsud- 

dcniy condensed receive electric fire from them.- Mr. 

Wilcke stipposet, that the air contracts its electricity in 
the same mainicr that sulphur and other substances do, 
when they arc heated and cooled in contact with various 
bodies. Thus, the air being heated or cooled near the 
earth, gives electricity to the vartli, or receives it from it; 
and the electrified air, being convoyed upwards by various 
means, communicates its electricity to the clouds.—Others 
have queried, whether, since thunder commonly happens 
in a sultry state of the air, when it sceijis charged with 
sulphureous vapours, the cletric matter then in the clouds 
may not be generated by the fermentation of sulphureous 
vapours with mineral or acid vapours in the air. 

With regard to places of safety in times of thunder and 
lightning. Dr. Franklin’s advice is, to sit in a chair in the 
middle of a room, provided it be not under a metal lustre 
suspended by a chain, and laying the feet on another 
chair. “ It is still better,” he says, ** to bring two or three 
mattresses or beds into the middle of the room, and folding 
them double, to place the chairs upon them: for as they 
arc not so good conductors as the walls, the lightning will 
not be so likely to passthrough them: but the safest plucu 
of any, is iu a hammock hung by silken cords, at an equal 
distance from all the sides of a room. Dr. Pritatlcy how¬ 
ever observes, that tho place of most perfect safety must 
be a cellar, and especially the middle of it; for when a 
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person is lower than the surface of the cartij, the lightning 
must strike ic before it can possibly reach him. "'jn ihe 
fichls, the most secure place is within a few yards ofa tree, 
but not quite near ir. lleccaria cautions persons not al¬ 
ways to trust too much to tlie neighbourhood ofa lii«'hcr 
or better conductor than their own body; since h/has 
repeatedly found that the lightning by no means descends 
ill one undivided track, but that bodirs of various kinds 
conduct their share of it at the '•ame time, in proportion 
to their quantity and conducting power. Sec Franklin’s 
Letters, Bcccaria’s Lettre dell’ Kllettncessiino, Priestley’s 
Hist, of Electric., and Lord Mahon’s PrincipKs of Elec¬ 
tricity. 

Lord Mahon observes that dam.age.may be done by 
lightning, not only by the tniiin stroke and lateral explo- 
sioii, but also by what lie culls the returning stroke ; by 
which is meant thesuildeii \iohnt return of that part of 
the tialural share of electricity w hich had been gradually 
exjn lk-d from some body or bodies, by the superinduced 
elastic electrical pressure of the electrical atmosphere ofa 
thunJcr^cl^aida 

Lightning, an imiruiion of real or natural 
lightning by yiiupoudcr, auruin Julminau^, phosphorus, 
&c, but c^peciully the last, between which aud lightning 
there is much inure rcscmblauce than tlie others. Phos¬ 
phorus, when newly made, gives a sort of artilicial light¬ 
ning visible in the dark, which would surprise those not 
used to such n phciuuncnom It is udual to keep this pre¬ 
paration under water ; ami if it is desired ta^ec the cor- 
ruscutions to the greatest advantage, it should be kept in 
a deep cylindrical gla^s, not more than three <)Uttrtcrs 
tilled ^with water. At times the phosphorus will send up 
corruscniions, which will pierce through the incumbent 
water, and expand themselves w ith great brighttu'ss in tiju 
upper or empty part of the glass, and much rcsc.*mbling 
lightning. Hie phosphorus, while burning, acts the part 
ofa corrosive, and when it goes out resolves into a men¬ 
struum, which dissolves gold, iron, and other.metab ; and 
lightning, in like manner, melts the same substances* 

LIKL Qu<iNTtTi£s, or SimUar Shuttnuus, inAlgcbrn, 
are such as arc expressed by the same powers of the same 
IcttiTS, or equally repeated in each quantity; though the 
iiuincial coefficients may be different* 

Thus 4o and 5a arc like quantities, 
as are also 3a^ and 12ri\ 
and also 6hxy^ and 

But 4a and or 3a^b and I0a^b\ &c, are unlike quan¬ 
tities; because (bey have not the same dimensions through¬ 
out, nor arc the letters equally repeated. —Like quantities 
can be united into one quantity, by addition or subtrac¬ 
tion ; but unlike quantities can only be added or sub¬ 
tracted by placing the signs of these operations betweea 
them. 

Like Signs^ in Algebra, arc the same signs, cither both 
positive or both negntive. But >vhcn one is positive and 
the other negative, they are unlike signs* 

So, -t* dai and h- 5cd have like signs, 
as have also — 2aV and — 2ax^; 
but 3ab and 5cd have unlike signs, 
as also — 2ax and Sax. 

Like Figures, or ^rcs, &c, are the same as similar 
figures, arcs, &c* See SibiilaRv All like figures have 
their homologous lines in the same ratio* Also like plane 
figures arc in tlic duplicate ratio, or as the squares of their 
homologous lines or sides; and like solid figures arc io the 
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triplirntc ratio, or as the cuf/cs of their homologous lines 
or 

LlUA’ (\Vii.t I am)* a uotctl Kngli^h a^lroloccr, born 
in Li'icc^tcr-liiic in lOOC. His fatljcT was not able to give 
him any furtlior (ducation than coinmoji rea^liitj ainl 
wiMin^ ; liut young Lilly being of a forward lenijier, and 
on(luc<i with shrewd wit, he resolved to jvush his tortunc 
in London, \Jicre lie arrived in IhCO, and, for a |>resei;t 
sup|>urt, aitided hiinsetf as a servant to a inantua-inaker 
in the pari'^h of .'"t. Clement Danes, Bui in ItiQ'Vho moved 
a step liigher, by entering into the service of Mr. Wright 
in the St land, master of the Salters company, who not 
being able to write, Lilly among other ofliccs kepi his 
books. On the death ol his master, in l627t Lilly paid 
liis achiresses to the widow, whom he married with a for¬ 
tune of 1000/. Being now his own master, ho pursued 
tlio bent r)f his inclinations, wliich ted him to follow the 
puritanical preachers: but afterwards, turning his mind 
to judicial astndogy, in l(iJ2 he became pupil, in that 
art, to one Kvans, a profligate Welsh parson; and llic 
tio.xt year gave the public a d(>ocimen of his skill, by an 
intimation that (he king had chosen an unlucky, horoscope 
for the coronation in Scollanci. in I0'34, getting a ma¬ 
nuscript copy of the Ars Noticia of Cornelius Aizrippa, 
with alterations, he followed the doctrine of the magic 
circle, arid the invocation of spirits, with great eagerness, 
und practised it for some time; after tvliich he treated the 
mystery of recovering stolen goods, with great con¬ 
tempt, claiming a supornaturul sight, and the gift of pro¬ 
phetical predictions; all which he well knew howto turn 
to good advantage. 

Mean while, he had buried his first wife, purchased a 
moiety of 13 houses in the Strand, and married a second 
wife, who, joining to an extravagant temper a termagant 
spirit, which, notwithstanding his skill in magic, he could 
not lay, made him unhappy, and greatly reduced his cir¬ 
cumstances. With (his uncomfortable yokemate he re¬ 
moved, in 1636, to llcrshain in Surrey, where he staid 
till l64*t ; when, seeing a pnispcct of fishing in troubled 
waters, he rctiirned to Loudon. Here having purchased 
several curious books in this art, which were found on 
pulling down the hou^c of another astrologer, he studied 
them incessantly, finding out secrets contained in them, 
which were wrilicii in an imperfect Greek character; and 
in lb'4<^, published his Merliiius Anglicus, un almanac, 
which he continued aimuully till his death, and several 
other astrological works; devoting his pen, und other la¬ 
bours, sometimes to the kings party, and sometimes to 
that of the parliament, but mostly to the latter, raising 
ins fortune byfuvouniblc predictions to both parties, some¬ 
times by presents, and sometimes by pensions: thus, in 
1()48, the council of state gave him in money 50/. and a 
pension of 100/. per annum, which he received for two 
years, and then resigned it on some disgust. By his ad¬ 
vice and contrivance, the king attempted several times to 
make bis escape from his confinement: be procured and 
sent the aquafortis and files to cut the iron bars of his prison 
windows at Carisbrook castle; butatill advising and writ¬ 
ing for the other party ai the same time. Mean while he 
read public lectures on astrology, in 1648 and 1049, for 
the improvement of young students in that art; and in 
sliort, plied his business so well, that in 1651 and l65S 
he laid out near 2000/. for lands and a house at Henhom. 

During the siege of Colchester, he and Booker were sent 
for thither, to encourage the soldiers; which they did by 


assuring them that the town would soon be taken; which 
proved true in the event.-—Having* in 1650, written pub¬ 
licly that the parliament should not continue, but a new 
govcrnpicnt arise ; agreeably to which, in his almanac for 
1653* he asserted that the parliament btood upon a tick¬ 
lish foundation, and that (be commonalty and soldiery 
would join together against tlmm. Upon which he was 
^iimiiioned before the committee of pluiiderc4 ministers; 
but, receiving notice of it before the arrival of the mes¬ 
senger, he applied to his friend Leiuhal the speaker, who 
pointed out the ofiensive passages* He immediately al¬ 
tered them; attended the committee next morning, with 
6 copies printed, which six alone he acknowledge to be 
his; and by that means came off with only 13 days cus¬ 
tody by the serjeant at arms. This year he was engaged 
in a dispute with Mr. Thomas Gatakcr.—In l665 he was 
indicted at Hicks's-hall, for giving judgment on stolen 
goods; but was acquitted. And in 1659, he received 
from the king of Sweden, a present of a gold chain and 
medaL worth about 50/. on account of bis having men¬ 
tioned that monarch with great respect in his almanacs 
of 1657 and 1658.—After the Rcstomtion, in I66O, being 
taken into custody, and examined by a committre of the 
house of commons, touching the execution of Charles the 
1st, he declared, that Robert Spavin, then secretary to 
Cromwell, dining with him soon after the fact, assured 
him it was done by cornel Joyce. The same year he sued 
out his pardon under the broad seal of England ; and af¬ 
terwards continued in London till 1665; when, uu the 
raging of the plague there, he retired to his estate at Her* 
sham. Here he applied himself to the study of physic, 
having, by means of bis friend Elias,Ashmole, procured 
from archbishop Sheldon a licence to practise it, which 
he did, as well as astrology, from thence till the time of 
his death.—In October 1666 be was examined before a 
committee of the house of commons concerning the fire of 
London, which happened in September that year. A 
little before bis dcathi he adopted for his soni by the 
name of Merlin Junior, one Henry Coley, a taylur by 
trade; and at the same time gave him the impressioif of 
bis almanac, which had been printed for 36 years suc¬ 
cessively. This Coley became afterwards u cekbraiod 
astrologer,, publishing in his own name, almanacs, and 
books of astrology, particularly one entitled A Key to 
Astrology. Lilly died of a palsy in I68I, at 79 years of 
age; and his friend Mr. Ashmole placed a monument over 
his grave in the church of WuIton-upon-Thames. 

Lilly was author of many works. His Observations on 
the Life and Death of CharK^ late King of England^ if 
we overlook the astrological nonsense, may be read with 
as much satisfaction as more celebrated histories; Lilly 
being not only very well informed, but strictly impartial. 
This work, with life Lives of Lilly and Ashmole, written 
by themselves, wore published in one volume, 8vo, in 
1774,,by Mr. Burman. HU other works were principally 
as follows: I. Merlinus Anglicus junior.—2. Supernatural 
Sight*—3. The While King’s Propheev.—4. England’s Pre^ 
phetical Merlin; all printed in l644,—5. The Starry 
Alcsscngeri 1645.—6. Collection of Prophecies, I6+6.— 
7* A Comment on the White King's Prophecy, 1646.—S. 
The Nativities of Archbishop Laud and Thomas Earl of 
Strafford, I646.—9. Christian Astrolo^i 1647: on this 
piece he read his lectures in 1648, mentioned above*—10. 
The Third book of Nativities, 1647—11* The World's 
Catastrophe, 1647*—12. The Prophecies of Ambrose Met- 
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lin, with a Key, 1647-—13. Tritbcmiusi or the Govern¬ 
ment of the World by Presiding Angels, 1647.—14. A trea¬ 
tise of the Three Sutis seen in the winter of l647« printed 
in 1648.—15. Monarchy or no Monarchy, 1651.— I6. 
Observations on the Life and Death of Charles, late king 
of England, 1651; and again in 1651, with (he title of 
Mr. William Lilly's True History of King James and King 
Charles the 1st, ice.—17. Annus Tenebrosus; or, the Black 
Year. This drew him into (he dispute with Gatakcr, which 
Lilly carried on in his Almanac in 165 L 

LIMB, the oulerinost border, or graduated edge, of a 
quadrant, astrolabe, or such like mathematical instru¬ 
ment. The word is also used for the arch of the primitive 
circle, ill any projection of the sphere in piano* 

ListB also signllles the outermost border or edge of the 
sun or the moon; as the upper limb, or edge ; the lower 
limb; the preceding limb, or side ; the following limb.— 
Astronomers observe the upper or lower limb of the sun 
or moon, taiind their true height, or that ul the centre, 
which diders from the others by the scinidiamctcr of the 
disc. 

LIMBERS, in Artillery, a sort of advanced train, joined 
to the carriage of a cannon on a march. It is composed 
ol* two shafts, wide enough to receive a horse between 
them, called the fillet horse: these shafts arc joined by 
two bars of wood, and a bolt of iron at one end, and 
mounted on, u pair of rather smalt wheels. On the axle- 
tree rises a sirong iron spike, which is put into a bole in 
the hiiuicr part of (he train of the gun-curriage, to draw 
it by. But^wheii a gun is in action, the limbers are taken 
off, and run out behind it.See the dimensions and figure 
of it in MiiUcr's Treatise of Artillery, pa. 187- 

LIMIT, is a term used by malhcrnaiicians, for some de¬ 
terminate quantity, to which a variable one continually 
approaches, and may come nearer to it than by any given 
ditfcrcncc, but can never go beyond it; in which sense a 
circle may be said to be the limit of all its inscribed and 
circumscribed polygons ; because these, by increasing the 
number of their sides, may be made to approach so near 
to the true area of the circle, that the difference shall be 
less than nny assignable quantity. 

LisiiTa of the roots of CgUATiONS, in Algebra, forma 
part of that science, by means of which the solution of 
equations is somelimM much facilitated, particularly in 
those eases where we cun only proceed by approximations; 
for, knowing that a root roust lie between certain limits, 
that is, that it is greater than one known quantity, and 
less than another, we arc led to a near approximate value 
ill the first instance, which, without this consideration, we 
should have perhaps discovered only after a tedious ope¬ 
ration* ^ 

To find a Imit greater ihan thegremen root of art ejuattm. 

Lei«, A, c, Ace, be roots of an equation; transform it 

into another whose roots arc o — e, 6 — c, c ^fir 
if by trial, such a value o(e be found, that all the terms 
of the transformed equation be positive, all its roots arc 
negative; and consequently c is greater than the greatest 

root of the proposed equation. - , ^ , 

Suppose, for example, it were required to film a number 
greater than the greatest root of ^hc equations* 5 x -h 
7r— 1 = 0. 

Assume x -k c, and we have 

- 5 x * - 5 / - iOey - 5 e * 

^ 7x = -*-73' 


in whicli oquAlion, if 3 be substituted for eachoftLe 
quanlilics e- — 5c' -h 7e — I, 3e^ — lOe 7, 3c — 5, is 
positive, or all the values of 7 arc negative, therefore 3 is 
greater than the grt'alcst ^alue of jt. 

Again, to find a limit less than the least root of the 
equation x* — 3x 72 = 0. 

When the signs ofthese roots arc changed, thisequation 
becomes 72 — O. 

Assume x = y -*■ e, then 

- 3r= - 3j^~ 3c^ =0. 

- 72 = - 72) 

and here, if 5 be substituted fore, every term becomes 
positive, consequently 5 is greater than the greatest loot 
of the equation x* — 3x — 72 = 0, and — 5 less than th* 
least root of the equation x^ — 3x -♦* 72 = 0. 

And in'this manner may be found the limits of the roots 
of equations of any dimensions. For more on this sub¬ 
ject, see Maclaurin’s Algebra, and Wood's Algebra. 

Li.m iTq/T>Mti«cr Fision, 5n Optics. See Distinct Visiox. 

Limit o/'a Planet, has been soinc-tiiiKs used for its 
greatest heliocentric latitude. 

Limited Problem, denotes a problem that has but one 
solution, or some detcrniinnte number of solutions: as, to 
describe a circle thn»ugh three given points that do not lie 
in a ri<»ht line, which is limited to one solution only ; to 
divide'a parallelogram into two equal parts by a line pa¬ 
rallel to one side, which admits of two solutions, accord¬ 
ing as the line is parallel to the length or breadth of the 
parallelogram ; or to divide a triangle in any ratio by a 
line parallel to one side, which is limited to three solu¬ 
tions^ as the line may be parallel to any of the three sides. 

LINE, in Geometry, a quantity extended in length only, 
without either breadth or thickness. A line is sometimes 
considered as generated by the flux or motion of a point; 
and sometimes as the limit or termiiTation of a superficies, 
but not asany part of that surface, howcvbr small. 

Lines arecithcr Right or Curved. A Right, or straight 
line, is the nearest distance between two points, which arc 
its extremes or ends; or it is a line which has in every 
part of it the same direction or position. But a Curve 
Line has in every part of it a different dir«*ciion, and is not 
thfe shortest distance between its extremes or ends. 

Right Lines arc all of the same species ; but curves are 
of an infinite number of different sorts. .\s many may be 
conceived as there arc different compound motions, or as 
many as there may be different relations between their or¬ 
dinates, and abscisses. See Curves. . 

Again, Curve Lines arc usually divided into geometrical 

and mechanical. 

Geometrical Unes arc those which may be found ex¬ 
actly in all their parts. See Geometrical Like. 

MecfumicalLines are such us are not determined exactly 
in all their parts, but only nearly, or tentatively. 

Descartes, and his followers, define geometrical lines 
to be those which may be expressed by an algebraical 
equation of a determinate or finite degree, called its locus. 
And mechanical lines, such as cannot be expressed by 
such an equation. But others distinguish the same lines 
by the name Algebraical and Transcertdcntal. 

Lines arc also divided into orders, by Newton, accord¬ 
ing to the number of intersections nhicb may be made by 
them and a right line, viz, the l*t, 2d, 3«l, 4th, &c, order, 
according ns they may be cut by a right line, in 1, or 
or 3, or 4, &c, points. In this way of considering them, 
the right line only is of the 1st order, being but one in 
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juiinhcr; the* 2<1 order conlaiiis-1 curves only, being sucli 
as may be cut t'roiu a cone by a |)latie, viz, tlic circle, the 
f ilipsc, tiu-liyperbola, and tlie parabola ; the lines of llic 
3d order liave been eiiunuTatcd by Newton, in a])articulnr 
treali'O, alio makes their number amount to 7-2; but 
.Mr. Stirling tdiin l i others, and .Mr. Stone 2 more; 
tlinugh it is disputed by some whether the last two ought 
to be accounieii dirterent from some of Newton’s, or not. 
See Newton's F.iiumer. Lin. 'I'eriii Ordin. also Stirling's 
I.mcie 'I'ert. Onlin. Newtonians O.sofi. 1717, 8vo. and 
I’iiilos. 'Frans. No. 456', &c. Asain, 

/Jl"<:l>reiical Liues ate divided into difTcrciit orders ac¬ 
cording to the power or degree of their equations. So, 
the simple equation ti ->■ by cx = 0, or equation of the 
1st liegree, denotes the Isl order or right line; the equa¬ 
tion a by -H cj dy‘ -h ay -t-fx‘ = 0, of the 2d <le- 
gree, denotes the lines of the 2d order ; and the etpiation 
« h f-ry + fx- ■+■ liy^ + hiy' ix^y •*. 

Ai’ = 0, of tlie 3d degree, e.vpresses the lines of the 3d 
order ; and so on. bee Cramer’s liitrod. d I’Analysc des 
Lignes Coin bes. 

Lines, considered willi regard to their positions, are 
cither Parallel, Perpendicular, or Oblique. The coii- 
strucliuii of whicli, sec under the respective terms. 

LlNt, also denotes a Trench measure of leiiglli, being 
the 12th [lart of an inch, or the l.l4tli part of a foot. 

In Auicniomy, 


Line of the .\p«es, or Apsides, the line joining the two 
apses, or the longer axis of the orbit of a planet. 

Fiducial Line, ilie index line or'edge of the ruler, 
which passes ihroiigh the middle of an astrolabe, or other 
instrument, on which the sights are lilted, and marking 
the divisions. 

Ilorizoninl Line, a line parallel to the horizon. 

Line of the Nodes, that which joins the nodes of the 
orbit of a ]>lanc't, being the common section of the plane 
of the orbit with the plane of the ecliptic. 

In Dialling, 

Horizontal Line, is tlic common section of the horizon 
and the dial-plate. 

llorory, or Hour lanes, are the common intersections 
of the hour-circles of the sphere with the plane of the dial. 

Equinoctial Line, is the common intersection of thccqui- 
noctial and the plane of the dial. 

In Forlijicatton, Line is sometimes used for a ditch, 
bordered with its parapet: and sometimes for a row of 
gabions, or sucks of earth, extended lengthwise on the 
ground, to serve as a shelter against the enemy’s fire. 
When the trenches have been carried on within 30 paces 
of the glacis, they draw two lines, one on the right, and 
tljc other on the left, for a place of arms. 

Lines are commonly made to shut up an avenue or en¬ 
trance to some place ; the sides of the entrance being co¬ 
vered by rivers, woods, mountains, morasses,' or other 
obstructions, not easy to be passed over by an army. 
When they arc constructed in an open country, they arc 
carried round the place to be defended, and resemble the 
lines surrounding a camp, called lines of circumvallalion. 
Lines are also thrown up to slop the progress of an army; 
but the term is mostly used for the line co\'cring a pass 
which can only be attacked in front. 

When lines are made to coyer a camp, or a large tract 
of land, where a considerable body of troops is posted, 
the work is not made in one straight, or uniformly bend¬ 
ing line } but, at certain distances, the lines project in 


saliant angles, called rodents, redans, or flankers, towards 
the enemy. The distance between these angles is Com¬ 
monly between the limits of 200 and 260 yards ; the or¬ 
dinary flight of a musket ball, point blank, being com- 
moiily within those limits; though muskets a little elevated 
will do effectual service at the distance of 360 yards. 

Fuiidaraeiiial Line, is the first line drawn for the plan 
of a plac<', and which shows its area* 

Central Line, is the line drawn from the angle of the 
cciiti'c to the angle of the bastion. 

Line of Defence, fi:c. Sec Defence, icc. 

Line of Approach, or Attack, signifies the work which 
the besiegers carry on under cover, to gain the moat, and 
the body of the place. 

Line of Circumvallalion, is a line or trench cut by the 
besiegers, within cannon-shot of the place, ranging round 
the camp, and securing its quarters against any relief to 
be brought to the besieged. 

Line of Contfavallation, is a ditch bonlercd with a pa¬ 
rapet, serving to cover the besiegers on the side next the 
place, and to stop the sallies of the garrison. 

Lines of Communiculiun are those which run from one 
work to another. 

Line of the base, is that which joins the points of the 
two nearest bastions. 

To Line a work, signifies to face it, as with brick or 
stone; for c.xample, to strengthen a rampart with a firm 
wall, or to encompass a'parapct or moat with good turf, 
&c. 

Line, in Geography and Navigation, is cmphalically 
used for the equator or vquiaociiai line. 

In Perspective, 

The Geometrical Line, is a right line drawn in any man¬ 
ner on the geometrical plane. 

Terrestrial or Fundamental Line, is the common inter¬ 
section of the geometrical plane and plane of the picture. 

Lino of the Front, is any line parallel to the terrestrial 
line. 

'N'crtical Line, is the section of the vertical and draft 
planes. 

Visual Line, is the line or ray conceived to pass from 
the object to the eye. . 

Objective Line, is any line drawn on the geometrical 
plane, whose representation is sought for in the draught 
or picture. 

Line of Measures, is used by Oughtred, and othcra, to 
denote tbc diameter of the primitive circle, in the pro¬ 
jection of the sphere 'in piano, or that line in which falls 
the diameter of any circle to be projected. 

Limeau Numbers, arc such as have relation to length 
only; such, for example, as express one side of a plane 
figure; and when the piano figuro is a square, the linear 
number is called a root. 

Linear Problem, is one that can be solved geome¬ 
trically by the intersection of two right lines. This is 
called a simple problem, and is capable of only one so¬ 
lution. 

LIQUID, a fluid which wets or smears such bodies as 
are immersed in it. arising from some configuration of its 
particles, which disposes them to adhere to tho surfaces 
of bodies contiguous to them. Thus, water, oil, milk, &ec^ 
arc liquids, as well as fluids; but quicksilver is not a li¬ 
quid, but simply a fluid. 

LISLE (William de), a learned French geographer, 
was bora at Paris ia 167 ^* , Bis father being much occu* 
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pied in the same pursuit, young Lisle began at 9 years of 
age lo <ira\v maps, and soon made a considerable progress 
in this art. In l6'i)C) he first distinguished himself* lo the 
public^ by giving u map of the world, and other pieces, 
which procured him a place in the Academy of Sciences, 
1702* lie was afterwards appointed geographer to the 
king, with a pension, and had the honour of instructing 
the king hiru'-elf in geography, for whose particular use he 
(ln*w up several works. Delisle's re|iutation was so 
great, tliat scarcely any history or travels came out with¬ 
out the emhellishmeTU of his maps. Nor was his name 
less cvlehrated abroad than in his .own country. Many 
sovereigns in vain attempted to draw him out of France. 
The C^ar Peter, when at Paris on his travels, paid him a 
visit, to communicate to him some remarks upon Musco¬ 
vy; but more especially, says Fontcnelle, lo learn from 
him, better than he could anywhere else, the extent and 
situation of his own dominions. Dcli^e died of an apo¬ 
plexy in 1726', at 51 years of ago. Besidc*$ the excellent 
maps be publishe<l, he wr6tc many pieces in tiio Memoirs 
of the Academy of Sciences. 

LISLB (JofiEiMi-NiCiioLAS de), an eminent astrono¬ 
mer and geographer, was born at Paris in l6SS. He was 
brother of the above-mentioned William, and had the 
same education with him under their fatlior, in geography 
and astronomy. At the ago of 18 he made an accurate 
observation of the great total eclipse of the sun in i706 ; 
which may be considered as the beginning of his public 
career. He was admitted in the astronomical department 
of the Academy in 1714* In 1724 he visited England, 
and was much esteemed by Newton and Halley ; and he 
was also chosen a Fellow of the Royal Society* In 1726 
he was invited to Petersburg, where he had the charge of 
the observatory, with a considerable pension. He re¬ 
lumed to Paris in 1747» where lie filled the place of pro¬ 
fessor to the Royal College, and where he formed the 
astronomers Lalund and Messier, illustnous pupils of so 
great a master. M. Delisle died in 1766 . His principal 
works arc, his History of Astronomy, 17SS,in 2 vols4io; 
and 44 mg^noirs in the volumes of the Academy, from 
the year 1/14 to 17<>6*« 

LIST, or LisTELt'asinall square moulding, serving to 
crown or accompany larger mouMings ; or on occasion 
toscporale the llutings of columns. 

LITERAL Aeoebra. Sec Algebra. 

LIi9ARD, in Astronomy. See Laceuta# 

LOADSTONE, or MAOitET; which see. 

LOCAL i^oWwi, is one that is capable of an infinite 
number of different solutions; because the point, which is 
to solve the problem, may be indifferently token within a 
a Certain extent; as suppose any-wherc in such a line, 
within such a plane figure, &c, which is called u Geome¬ 
trical Ixicu«. 

A local problem is Simple, when the point sought is in a 
right lino; Plane, when the point sought is in the circum- 
ferena^ of a circle 5 Solid, when it is in the circumference 
of a conic section; or Sursolid, when the point is In the 
pcrinioUT of a line of a higher kind. 

Local Moxiojt, or Loco^Motion, the change of place: 

Sec Motiok. 

LOCI, the plural of Locos, which see. 

LOCI Plan I, or Lee a PtanOf one of the last works of 
Apollonius, that have beiui restorcti by Schcotco, in 1656; 
by Fertiat, in l679 ; and by Simson, in 1749* 


} 

l^OCK, for Canals. See Canal. 

Locus, is some lire Ly which a local or indeterminate 
problem is solved; or a lin_' cf which any point may 
equally solve an iudt terminate problem. Loci are ex¬ 
pressed by algebraic equations of liiflerent orders, accord¬ 
ing to the nature of ihe locus. If the equation is con¬ 
structed by a right line, it is called Locus ad Rectum ; if 
by a circle. Locus ad Circulum; if by a parabola, Locus 
ad Parabolam; if by an ellipsis. Locus ad Llbpsim ; and 
so on. 

The loci of such e(|ualions as are right lines or circles, 
the ancients called Plane Loci ; aii<l of those that arc 
conic sections, Solid Loci; but such as arc curses of a 
higher order, Sursolid Loci. The moderns distinguish the 
loci into orders accor<lijig to the dimensions of the equa¬ 
tions by which they are expressed, or the number of the 
powers of indeterminate or unknown quantities in any oite 
/term: thus, the equation 

ay = l/x ^ c denotes a locus of the Ist order, 
buty^ := ax, or i=2 ar — j% &c, a locus of the 2d order, 
and y^ = aV, or = ax- — &c, a locus of the 3d order, 

and soon; where x and y arc unknown or indeterminate 
quantities, and the others known or determinate ones; 
also X denotes the absciss, and y the ordinate of the curve 
or line which is the locus of the equation. 

For instance, suppose two variable or indeterminate 
right lines at, 

AQ, making any 
given angle paq 
between them, 
where they are 
supposed to 
commence, and 
to extend inde¬ 
finitely both 
ways from the point a: then calling any ap, x, and 
corresponding ordinate pq, y, continually changing its po 
silion by moving parallel to itself along the indefinite line 
AP ; also in the line ap assume a D = a, and from B draw 
DC parallel to pq and = b : then the indefinite line aq is 
called in general u Geometrical Locus, and in particular 

the locus of (be equationy s for whatever point q is, 

the triangles abc, afq are always similar, and therefore 
AD : DC :: ap: pq, that is a : 6 :: x ; y, therefore ay = bx 
is the equation to the right lino aq, or aq is the locus o^ 
the equation ay s bx* 

AgHiii, if AQ be a parabola, the 
nature of which is such,* that 
AB : A p:: Bc' : pqS or a : x : : b^:y\ 
and therefore ay‘ = b^x is the equa¬ 
tion which has the parabola fur its 
locus, or the parabola is the locus to 
every equation of this form oy^ ss 



Or if AQ be a circle, having its 
radios ab := a, the nature of which 
IS this, that pq^ = ap . Pi>, or 
= X . (Srt — X) or = 2ax — x^; 
therefore the locus uf the equation 
of this formyl Sox — x% U a circle* 
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The use of the log, or log-linc, is to measure ibe velo** 
city of the ship, or rate at which she runs, which is done 


In hke maT)ner it will appear, that the ellipse is the 
locus to the equation ry = x (/x — x*), and tlic hy¬ 
perbola tlie locus io the ecpiation iy* = c* x (/.c ^ x^); 
where ( is (he transverse*, and c the conjugate u\is of (he 
ellipse or hyperbola. 

All equations whose loci are of tlic first order, may 
he reduced in one of the 4 following foiins: 1st, y = 

^ r ^ ^ , (f . , I jt 

— • Cd, V =-3d, V =-C; tih, V ^ c-1 

ci *' fi t u rt 

where the letter f denotes the dr^tanc** that the ordinaU*s 
cornrnenee from the line ar, iuIj<t on the f>ne side or 
the other of it, according as the sign of that quantity is 4- 
or —. 

All loci of the 2d ilcgrec arc conic sections, vix, either 
(lie parabola, the ciu le, elli|)sl>, i^r hyperbola. There- 
iorc when an ecjuation is given, whose tc»cus is of the 2d 
degree^ and it is rcipiircd to draw tlial locus, or, which is 
(lie same thing, to cnn^lruct (he crpiation gt iierally ; bring 
o\( r all the tcinid of (he ecjuation to one side, so that the 
other side be 0; tnen to know which of the conic sex- 
fions it denotes, llicrc will be two general eases, viz, either 
xvlun the rectangle xy is in the equation, or wlicn it is not 
in it, 

C(ue I. When (he term xy is not in the proposed equa¬ 
tion. 'rin n, 1st, if only one of the squares he found 
in it, the locus will be a parabola. 2d, If both the squares 
be in it, and if tin y have tlic same sign, the locus will be a 
circle or an cllipH\ 3d, But if the signs of the squares 
x\y* be ditrcrcnl, tlie Iticus will be an hyperbola, or the 
opposite hyperbolas. 

Case 2. When the rectangle xy is in the proposed equa¬ 
tion 5 then 1st, Jf neither of tlic squares or only one 

of them be in the equation, llic locus will bean hyperbola 
between the asymptotes. 2d, If both aiidy^ be in it, 
having diherent signs, the locus will be an hyperbola, 
having the abscisses on its diameter* Sd, If both the 
squares be in it, and with (he bamc sign, then if the cocf* 
ficient of be greater than the squnic of half the coeffi^ 
cient ofxy, the locus will be an ellipse; if equal, a para¬ 
bola ; niid if less, an hyperbola. 

This ine(ho<l of delermiiiinggeometric loci, by reducing 
them to the most com|)ound or general equations, was 
first published by Mr. Craig, in Ins Treatise on the Qua¬ 
drature of Curves, in 1693. It is exphuned at large in the 
7tli and Sih books of ITlospitars Conic Sections. This 
aubjcci is also particularly illustrated in Maclaurin’s Al¬ 
gebra. The method of Descartes for tinding the loci of 
equations of the 2d order, is by extracting the root of the 
equation, bee his Giometry; as also Stirling's Illuslratio 
Liacarum Tertii Ordinis.* The doctrine of these loci is 
likewise well treaied by Dc Witt in his Klementa Curva- 
rum. And Bartholommus Inticri, in his Aditus ad Nova 
Arcana Gcomctrica delcgenda, has shown how to find the 
loci of equations of the higher orders, Mr. Stirling too, 
in his treatise above-mentioned, has given an example or 
two of finding the loci of equations of 3 dimensions. Eu¬ 
clid, Apollonius, Aristsus, Fermat, Viviani, have also 
written on (he subject of loci. 

LOG, in Navigation, is a piece of thin board, of a sec¬ 
toral or quadrantal fiirm, loaded in the circular side with 
lead sufiictent to make it swim upright in the water; to 
which is fastened a line of about 150 fiitboms, or 300 yards 
long, called the log-line, divided into certain spaces, 
called knots, and wound on a reel turning very freely, for 
the Uqc to wind easily off. 


from time (o time, as the foundation on which the ship's 
reckoning, or finding her place, is kept; and the pirctice 
is, to heave the log into the sea, with the line tied to it, 
and by observing how much of the line is run off the reel, 
while the ship sails, during the space of half a minute, 
which time is measured by a saiid-glas^ made to run 
that time very exactly. About 10 fathoms of stray or 
waste line is left next the log before the kuotiingor count¬ 
ing commence, that space being usually allowed to carry 
the log out of the eddy of the slnp\ wtike. 

4 he using of the tog for tinding the velocity of the ship, 
is called heaving the log, and is thus perlormed : One 
man holds the rc^l, and another the hKlf-minutc glass ; an 
officer of tlic watch tlirows (he log o\er the ship's stern, 
on the tec-side, and when he observes the stray line, and 
the lirst mark is going off, he cries Turn ! when the glass- 
holder instantly turns the glass crying out Done 1 (hen 
watching the glass, the moment it is run out he says Stop ! 
tqion which the reel being quickly stopt, the hi»( mark 
run off shows the number of knots, and the distance of 
that mark from the reel is estimated in fathoms: then the 
knots and fathoms together show (he distance run tn half 
u minute, or the distance per liuur nearly, by considering 
the knots as miles, and the fathoms as decimals of a mile : 
Thus, if 7 knots and 4 fathoms be observed, then the ship 
runs at the rate of 7*4 miles an hour. 

It follows, therefore, that the length of each knot, or 
division of the line, ought to be the same part of a sea 
mile, as half a minute is of an hour,^that is part. 

Now it is found that a degree of the meridian contains 
nearly 366,000 feet, (heroibre ^7 or a nautical 

mile, will be 6l00 feet; the of which, or 51 feet 
nearly, should be (he length of each knot, or division of 
the log-line. But, because it is safer to hate the reckon¬ 
ing rather before (he ship,than after it, it is therefore usual 
now to make each knot equal to 8 fathoms or 48 feet. But 
the knots are made sometimes to contain only 42 feet; 
which method of dividing the log-line is founded on the 
supposition, that 6o miUs, of 6000 feet each, make u de¬ 
gree; for TT 7 II' of 5000 is 41|, or in round numbers 42 
feet. And though many mariners find hy experience that 
this length of the knot is too short, yet rather than quit 
the old way, they use sand-glasses lor half-minute ones 
that run only 24 or 25 seconds. The sand, or hall^tnutc 
glass, may be tried by a pendulum vibniiing seconds, im 
the follo>ving manner: On a hook or peg, hung a thread 
. or fine string that has a musket-ball fixed to one end, 
carefully measuring between the centre of the ball and tfao 
string’s loop over the nail 39^ inches, being the length of 
a second pendulum ; then make it swing or vibrate very 
small arches, and count one for every time it passes un¬ 
der the nail, beginning at the second time it passes; and 
the number of swings made during the lime the glass is 
running out, shows the seconds in (he gloss. 

It is not known who was the inventor of this method of 
mcasuring the ship's way, or her rale of sailing; but no 
mention of it occurs till the year l607, in an Easl-India 
voyage, published by Purebus; and from that time its 
name occurs in other voyages in his collections; ofter 
which it became more known, being noticed both by our 
own authors, and by foreigners; as by Gunter in 1623; 
Snellius,inl624t Metlus,in l631 j Oughtred,.in 1633; 
Hcrigonc, in l634; Saltonstallr in l6S0; Norwood, ia 
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l<537 i I’ournicr^ in 1643; and almost nl] the succeeding 
writers on navigation of every country. Various improve¬ 
ments have lately been made on (his instrument by differ* 
enl persons. See Robertson's Navigation, the Preface, 
pa. V, Also Hist. Math. tom. iv, 525—537. 

"Loo^Board^ in Navigation, a board or table usually di¬ 
vided into 5 columns : in the first of uhich is entered the 
hour of the day ; in the 2d, the coUrse steered ; in the 3d, 
the number of knots run off the reel each time of he tving 
the log; inthe4(h, the direction of the wind; and in the 
5tb, observations on the weather, variation of the com¬ 
pass, &c« 

Loa-BooA-, a book ruled in columns like the log-lmard, 
into which the account on this is transcribed every day at 
noon; from whence, after it is corrected, ice, it is entered 
into the journal. 

LOGARITHM, from the Greek ratio, and 

number: q. d. ratio of numbas, or perhaps rather 
number of ratios; the indices of the ratios of numbers to 
one another; or a scries of numbers in arithmetical pro* 
portion, corresponding to as many others in geometrical 
proportion, in such sort that O corresponds to, or is the 
index of 1, in the geomcCricals. Hiey have been devised 
for the ease of large arithmetical calculations. 
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Thus, 
0, 

1 , 

2 , 

3 , 

4.8c c,i nil ices or logarithms. 
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lOOOO, &:c. 
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10‘, 

10*. 

1<>\ 

10’, Scc,^ 
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Where the same in<liccs, or logaritliinv, serveequ.illy for 
any geometric series; and from which it is evident, that 
^hcrc may be an endless variety of sets of logarithnis to 
the same common numbers, by varyin*i the 2d term 2, or 
3, or 10, ice of the geometric s<*rie> ; hn ihiv will change 
the urrgiiiHl si*ric5 of terms whose inoices aie the numbers 
L 2, 3, &c; and, by interpolation, the whole system 
of numbers may be made to enter the gcomcirica) series, 
and rcciMvo their proportional logarithms, whether inte¬ 
gers or decimals. 

Or the logarithm of any given number, is thu index of 
such ji power of some other number, as is equal to the 
given one. So ifn be ss then tlie logarithm eff s is n, 
which may be cither positive or negative, and r uny num¬ 
ber whatever^ according to the different systems ul loga¬ 
rithms. When N is J, then n is =: 0^ whatever the value 
ofris; and consequently the logarithm of I is always Q 
in Dverysyslcm of logarithms. When n — I, then n =r; 
consequently the root r is always the number whose loga¬ 
rithm is 1, in every system. When r ss 2'718281828459 
&C| the indices are the hyperbolic logarithms; so thatn 
is always the hyperbolic logarithm of (2*718 &c)". But 
in the common logarithms r = 10; so that the common 
logarithm of any number, is the index of that power ot 10 
which is equal to the said number; so the common loga¬ 
rithm of N = 10®, is n the index of the power of 10; for 
example, 1000, being the3d Mwer of 10, has 3 for its lo¬ 
garithm ; and if 50 be s then is 1*69897 the com¬ 

mon logarithm of 50* And hence it follows that this de¬ 
cimal tviicM of terms 
Voi,. L 


or 10^ lOS 10\ i0^ 10 , 10 , 10 , 
have 3, 2 , 1 , O , ^1, ^2, ^3, 
respectively for the logarithms of those terms. 

The logarithm of a number coniained L< tween any two 
terms of the first series, included between the two cor¬ 
responding terms of ibe latter; and therefore that loga¬ 
rithm will consist of the sumh* in<lex, whclht r positive or 
negative, as the smaller of those two terms t<^geiher with 
a decimal fraction, which w ill always be positive. So the 
number .50 falling b<*twecn 10 and 100, its logarithm will 
fall between 1 and 2, being indeed equal to I•(>9897 near¬ 
ly : also the nunibt r*05 falling between the terms “1 and 
•01, its loganilim will lull between — 1 an<l —2, and 
indeed s — 2 *09897^ the index of the less term togt-- 

^ther with the decimal ‘69897 The index is also called 
the characteristic of the logaiiihiiis, atid i» always an in¬ 
teger, either positive or negative, or cUe s O ; and it 
shows what [ilace is occupied by the first significant figure 
of the given nuiulxr. either above or below the place of 
units, being in the former case -i- or positive; In the 
latter — or negative. 

When the index of a logarithm is negative, the sign ~ 
is commonly set over it, to distinguish it from the decimal 
part, which, being the logarithm found in the tables, is 
always positive: so — 2 •69897> or the logarithm of 

•03, is written thus 2*69897* But on some occasioru it- 
is convenient to reiluce the wliulc expression to a negative 
form ; w hich is done by making the cli h rueteristic less by 
1, and taking the arithmetical complement of thedi cimal, 
that is, beginning at the left liand, subtract each figure 
from 9» e.\C4*pt the Inst significant figucc, which is sub¬ 
tracted from tO; so shall the remainders form the loga¬ 
rithm wholly negative: thus the logarithm of *05, ivhich 

is 2*69897 or — 2 -+• •69897, is also expressed by 
— 130103. which is hII rn*gative. It is also sometimes 
thought more convenient to cxjrrcss such logarithms en¬ 
tirely us posiiive, namely by only joining to the tabular 
decironl the complement of the index to 10 ; nnd in this 
way th(* ubuve logarithm isexpri'ssed by 8*69897; whiclr 
is only increasing the indices in ilie scale by 10. 

The Properties q^ Z^'jarir/iwi,—From the definition of 
logarithms, either as being the itidiC(*$ of a $<»ries of geo* 
mctricnls, or as the indici*s of the power of the same root, 
it follows, that the multiplication of the numbers will 
answer to the addition of their lugaritlims ; the division of 
numbers, to the subtraction of their .logarithms; the 
raising of powers, to the multiplying the logarithm of the 
root by the in<lex of the power; and the c.xtracting of 
roots, to the dividing the logarithm of the given number 
by the index of the root Required to be extracted. 

So, 1st, 

Log. all or of a x 5 is = log. a -f* log. h. 

Log. 18 or of 3 x 6 is s log. 3 ^ log. 6, 

Log. 5 X 9 X 73 is B log. 5 -h log. 9 1^8* 73* 

Secondly, 

Log* < 1-^5 is s log. n — log* bf 

Log. 18 6 is s log. 18 — log* 6 , 

Log. 79 * 5 -- 9 is =5 log. 79 log- 5 - log. 9, 

Log. i or 1 -r 2 is = 1 .1 - 1 .2 = 0 - 1. ^ - 1. 8 . 

Log. ~ or I ^ n i» = Ll L • * — 1.«, 
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Thirdly, 

Log. »•“ is = n 1. r; log. » • or of ^/r is = - 1. r; 

Log. r" is s= ” 1. r; log. 2® is = 61. 2; log. 2^ or 

of .y 2 is = i 1. 2; and log. 2^ is = 4 1. 2. 

So tiiat any iiumbcr ami ils reciprocal have the same lo¬ 
garithm, but with contrary signs ; and the sum of the 
logarithms of any numbir and its reciprocal, or comple¬ 
ment, is equal to 0. For other particulars, sec the Intro¬ 
duction to my Logarithms. 

History and Construction of Logarithms .—The properties 
of logarithms hitherto mentioned, or of arithmetical in¬ 
dices to powers or geometricals, with their various uses 
and properties, as above-mentioned, arc taken notice of 
by Stifelius, in liis Arithmetic ; and indeed they were not 
unknown to the ancients ; but they come ell far short of 
the use of logarithms in trigonometry, as first discovered 
by Jt)hn Napier, liuroti »)f Merchiston in Scotland, and 
publislied at Edinburgh in I6l4, in his Mirifici Lognrith- 
inonim Canoni' Desenptio; which contained a large canon 
of logarithms, with the description and uses of them ; but 
tlicir construction was vesersa d till the sense of the Icai ned 
concerning liis invention should be known. 'I'his work 
was translated into English by the celebrated Mr. Edward 
Wright, and published by his son in 16I6'. In the year 
1619. Hubert Napier, son of the inventor of logarithms, 
published u new edition of his late father’s work, together 
with the promised construction of the Ingaritlims, with 
other miscellaneous pieces written by his father and Mr. 
Hriggs. And in ilio same year, IOI9* Mr- .lohn Spcidcll 
published his New Logarithms, being an improved form of 
Napier’s. 

All these tables were of the kind that have since been 
called hyperbolical, because the numbers express the areas 
between the asymptote and curve of tlic hyperbola. And 
logarithms of this kind tverc also soon after published by 
several utlier persons; as by Ursinus in l6l9) Kepler in 
1624, and some others. 

On the first publication of Napier’s logarithms, Henry 
Briggs, then profo-ssor of geometry in Greshiim-college in 
Ixrndui), immediately applied himself to the study and im¬ 
provement of them, and soon published tliu lugaritiims of 
the first 1000 numbers, but on n new scale, which he had 
invented, vi/, in whicli the logarithm of the ratio of 10 to 
1 is 1, t)ic logarithm of the same ratio in Napier’s system 
being 2'30268 eVc; and in l6'24, Briggs published his 
Arithmclica Logarithmica, containing the logarithms of 
30,000 natural numbers, to 14 places of figures besides 
the index, in a form that Napier and he had agreed upon 
together, being the presept form of logarithms; also in 
1633 was published, to the same extent of figures, his Tri- 
gonomclria Britannica, containing the natural and logarith¬ 
mic sines, tangents, &c. 

With various and gradual improvements, logarithms 
were also published successively, by Gunter in l620, Win¬ 
gate in 1624, Henrion in 1626, Miller and‘Norwood in 
1631, Cavalerius in l632 and 1643, Vlacq and Rowe in 
1633, Frohenius in 1634, Newton in l658, Caromuel in 
1670, Sherwin in 1706, Gardiner in 1742, and Doilson’s 
Antilogarithinic Canon in the same year, 'Taylor in 1793, 
besides many others of lesser note; not to mention the ac¬ 
curate and comprehensive tables in the Tables Portative 
in 1793) &c, those of Borda and Delunibre in 1801, and 
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in my own Logarithms lately published, where a eomplctc 
history of this science may be seen, with the various ways 
of constructing them, that base been invented by different 
authors. 

In Napier’s construction of logarithms, the natural 
numbers, and their logarithms, as he sometimes called 
them, or at other limes the artificial numbers, are sup¬ 
posed to arise, or to be generated, by the motions of points, 
describing two lines, of which the one is the natural num¬ 
ber, and the other its logariilim, or artificial. Thus, he 
conceived the line or length of the radius to be described 
or run over, by a point moving along it in such a manner 
that in equal portions of time it generated, or cut off, parts 
in a decreasing geometrical progression, leaving the several 
remainders, or sines, in geometrical progression also- 
while another point described equal parts of an indefinite 
line, in tlic same equal portions of time; so that the re¬ 
spective sums of these, or the whole line generated, were 
always the ariihroeticals or logarithms of the aforesaid 
natural sines. In this idea of the generation of the lo¬ 
garithms and numbers, Napier assumed 0 as the logarithm 
of the greatest sine or radius; and next he limited his 
system, not by assuming a particular value to some as¬ 
signed number, or part of the radius, but by supposing 
that the two generating points, which, by their motions 
along the two lines, described the natural numbers and 
logarithms, should have their velocities equal at the be¬ 
ginning of those lines. And this is the reason that, in bis 
table, the natural sines and their logarithms, at the com¬ 
plete quadrant, have equal differences or increments ; and 
tills is also the reason why his scale of logarithms happens 
accidentally to agree with what have since been called the 
hyperbolical logaFithms, which have likewise numeral dif- 
fcrcnccs equal to those of their natural numbers at the 
beginning; except only that these latter increase with the 
nutural numbers, while his on the contrary decrease; the 
logarithm of the ratio of 10 to I being the same in both, 
namely 2'30258509 &c. 

Having thus limited bis system, Napier proceeds, in 
the posthumous work of 1619, to explain his construction 
of the logarithmic canon. This he effects in various ways, 
but chiefly by generating, in a very easy manner, a series 
of proportional numbers, and their aritbmcticals or loga¬ 
rithms; and then finding, by proportion, the log.'irithms 
to the natural sines from those of the natural numbers, 
among the original proportionals; a particular'accountof 
which may be seen in my book of logarithms above men- 
tiuned. 

The methods above alluded to, relate (o Napier’s or the 
hyperbolical system of logarithms, and indeed arc in a 
manner peculiar to that kind of them. But in an appen¬ 
dix to the posthumous work, mention is made of other 
methods, by which the common logarithms, agreed on by 
him end Briggs, may be constructed, and which it appears 
were written after that agreement. One of these methods 
is as follows: Having assumed 0 for the logarithm of 1, 
and 10000 &c, for the logarithm of 10; this logarithm 
of 10, and the successive quotients, arc to be divided ten 
times by 5, by which divisions there will be obtained these 
other ten logarithms, namely 2000000000, 400000000, 
80000000,16000000,3200000,640000, 128000, 250*00, 
5120, 1024; then this last logarithm, and its quotients* 
being divided ten times by 2, will give these other ten lo¬ 
garithms. 
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vi2, 512, 256, 128, 6'i, 32, l6, R, -1. 2, }. 

Alsu the numbers answering to these twenty logarithms 
are to be found in this manner, viz, Kxtmcl the 5th root 
of 10 (with ciphers), then the 5th root of that root, an«l 
so on for ten continual extractions of the 5th root: so 
shall these ten roots be the natural ntimbers belonging to 
the first ten logarithms above found, in dividing conti* 
nually by 5. Next, out of the last 5lh root IS to be ex¬ 
tracted the square root, then the square root of ihis last 
root, and so on for ten successive extractions of the square 
root: so shall these last ten roots be the natural numbers 
corresponding to the logarithms or quotients arising from 
the last ten divisions by the number 2. And from these 
iwcniy logarithms, 1, 2, 4, S, &c, and their natural 
numbers, the author observes that other logarithms and 
their numbers may be formed, namely by adding the lo¬ 
garithms, and multiplying their corresponding numbers. 
Blit, besides the immense labour of this method, it is evident 
that this process would generate rather an antilogarithmic 
canon, such as Dodspn’s, than the table of Briggs. 

Napier next mentions another method of deriving a 
few of the primitive numbers and their logarithm'^, 
namely, by taking continually geometrical means, first be- 
tween 10 and 1, then between 10 and this mean, and again 
between 10 and (he last mean, and so on; and then taking 
the arithmetical means between their corresponding lo¬ 
garithms. 

lie then lays down various relations between numbers 
and their logarithms, such as, that the products and quo¬ 
tients of numbers, answer to the sums and differences of 
their logarithms; und that the powers and roots of num¬ 
bers, answer to the products and quotients of the loga¬ 
rithms when multiplied or divided by the index of the 
power or root, &c; as also (hat, of any two numbers, 
whose logHrjthms are given, if each number be raised to the 
power denoted by the logarithm of the other, the two re¬ 
sults will be equal; thus, if x be the logarithm of any 
number x, and y the logarithm of y, then is = Y*. 
Napier then adverts to another method of making (he 
logarithms to a few of the prime integer numbers, which 
is well adupted for the construction of the common tobic 
of logarithms: this method easily follows from what has 
been said above, depending on this property, that the lo¬ 
garithm of any number in this scale, is one less than the 
number of places or figures contained tn that power of the 
given number whose exponent is 10000000000, or the lo¬ 
garithm of 10, at least as to integer numbers, f(»r they really 
differ by a fraction, ns is shown by Mr. Briggs in his illus* 
trations of those properties; printed at the end of the Ap¬ 
pendix to the OonstructioQ of Logarithms. 

Kepler gave a coiislruciion of logurithrbs somewhat 
varied from Napier's. His work is divided into two parts : 
In the first, he raises a regular and purely mallicmatical 
^stem of proportions, and tlie measures of them, demon¬ 
strating both the nature aiid principles of the construction 
of logarithms, which he calls the Measures of Ratios: 
and in the second part, he applies those principles in the 
actual construction of his tabic, which contains only lOOO 
numbers and their logarithms. The fundamental prin¬ 
ciples arc briefly these: That at the beginning of the lo¬ 
garithms, (heir increments or differences are equal to those 
of the natural numbers: that the natural niirabcfs may 
be considered as the decreasing cosines of increasing arcs: 
und that the secants of those arcs at the beginning have 
the same differenees’ as tho cosines^ and therefore the 


same diftcrcrKts as tho logarithms. Then, since (he se¬ 
cants arc ihc rocipr* cals ot the cosines of the sam^* arcs, 
from the foregoing pnneipUs, he establishes the following 
method of raising the first 100 h garithms, to the num¬ 
bers 1000, 95)9, S9S, A:c, to 900 ; viz, in this manner: 
Di>idc the ra<hu> 1000, incrcastd with Kven ciphers, by 
each of these numbers separately, and the quota nts w ill be 
the secants of (hose arcs which have tl»o (li\ivors for their 
cosines; continuing the division to the Slh figure, as it is 
in that place only that (he arithmetical and geometrical 
moans differ. I'hen by additig continually the arith¬ 
metical imans between every two snccissive recants, the 
sums will be the series of logarithms. Or by adding 
continually every two secants, the successive sums 
will be the series of the double logarithms, lie then de- 
rises all the other logarithms from these first 100, bycom- 
, mon principles. 

Bnggs first adverts to tlic methods mentioned above, in 
the Appendix to Napier's Construction, which methods 
were common to both these authors, and had doubtless 
been jointly agreed on by them. He then gives an example 
of computing a logarithm by the property, that (he lo¬ 
garithm is one less than tho numl>er of places or figures 
contained in that power of the given number whoso ex¬ 
ponent is (he logarithm of 10 with ciphers. Briggs next 
treats of the other genernl method of finding the loga¬ 
rithms of prime mini lx* rs, which bethinks is an easier way 
than the former, at least when many figures arc required. 
'I hrs method consists in taking a great number of conti¬ 
nued gconutricul means between 1 and the given numt'er 
whose )oe;irithm is required ; tliat is, first extracting :he 
square root of the given numher, tlieii the root of the ist 
root, the root of the 2<1 root, the root of the dd n>ot, and 
so on, till the la’^t root shall exceed 1 by u very small de¬ 
cimal, greater or less according to the intended number of 
places to be in (he logarithm sought: (ben finding the lo¬ 
garithm ol this small number, by easy methods described 
afterwards, he doubles i( as often as he made extractions of 
tiio square root, or, which is (he same (hing, he multiplies 
it by such power of 2 ns is denoted by (he said number 
of extractions, and the result is the required logarithm of 
the given number; as is evident from the nature of loga¬ 
rithms. 

But, as the extraction of so many roots is a very trou¬ 
blesome operation, our author devises some ingenious 
methods of abridging that labour, chiefly by n proper ap«* 
plication of the several orders of (he differences of num- 
bcis, forming the first instance of what nmy bo called The 
Differential Method; fur a particular description of which, 
see my Logarithms, above quotc<l, pa. fid, See. 

Mr. James Gregory, in his Vera Circuli Ilypcrbolte 
Quadnituru, prioted at Padiiu in Ififi?, having approxi¬ 
mated to the hyperbolic asymptotic spuci^ by means of a 
scries of inscribed and circumscribed polygons, from thenco 
bhows how to compute the logarithms, which are atialo- 
gousto the areas of those spaces: and thus (he quadrature 
of the hyperbolic spaces became the same thing as the com¬ 
putation of the logarithms. He here also laysdown various 
methods to abridge (he computation, with the assistance of 
some properties of numbers themselves, by which the loga- * 
rithmsx^faU prime numbers under 1000 may bocomput^, 
each by one multiplication* (wo divisions, and the cxtrac«- 
tion of tho square root And (ho same subject is further 
pursued in his Kxercitatfones Geometrical. In this latter 
place, he first finds an algebraic expression, in an ioficito 
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series, for the logariilim of and thciilikcwiicforthc 

logarithm of ^ ^ ^ ; and as liie one series has all its terms 

positive, while* those of the other are alternately positive 
and negative, by adding the two together, every 2d term 
is cancelled, and the double of the other terms gives the 
logarithm of the product of 

—— and —,or the logarithm of that is, of the 

ratio of 1 — a to 1 -t- fl: 

'I'lius, he htids, 

first a — &c log. of 

and a + Ja® ■+■ ja* la* &c = log. of , 

thcref. 2<i ■+■ |a^ ■+■ y«^ &c = log. of j-~~- 

Whicli may be accounted Mr. James Gregory's method of 
making logarithms. 

In 1668. Nicliotas Mercator published his Logarith* 
motcclinia, sive Methodus Construendi Lognrithinos, nova, 
accurata, et facilis ; in which he delivers a ffew and in* 
genious incthrxl foj- computing the logarithms on princi¬ 
ples purely arithmetical; and here, in his modes of think¬ 
ing and expression, he closely follows the celebrated 
Kepler, in his writings on the same subject; accounting 
logarithms as the measures of ratios, or as the number of 
ratiunculx contained in the ratio which any number bears 
to unity. Purely from these principles then, iho number 
of the equal ratiuncults contained in some one ratio, as of 
10 to 1, being supposed given, our author shows how the 
logarithm, or measure, of any other ratio may be found. 
But this, however, only by-the-bye, os not being the prin¬ 
cipal method he intends to teach, as his last and best, jlav- 
ing shown then, that these logarithms, or numbers of small 
ratios, or measures of ratios, may be all properly repre¬ 
sented by numbers, and that of 1, or the ratio of equality, 
the logarithm dr measure being always 0, the logarithm of 
10, or the measure of the ratio of 10 to 1, is most conve¬ 
niently represented by 1 with any number of ciphers; he 
then proceeds to show how the measures of all other ratios 
may be found from this lost supposition: and he explains 
these principles by some examples in numbers. 

In the latter part of tlic work, Mercator treats of his 
other method, given by an infinite scricsof algebraic terras, 
which are collected in numbers by common addition only. 
He here squares the hyperbola, and finally finds that the 
hyperbolic logurithm of 1 -ha, is equal to the infinite 
series a — io* ■+■ — la* &c; which may be consi¬ 

dered as Mercator’s quadrature of the hyperbola, or his 
general expression of an hyperbolic logarithm, in an in¬ 
finite series. 

And this method was further improved by Dr. Wallis, 
in tlie Philos. Trans, for the year ififis; by showing that 
'the hyp. log. of the ratio of 1 to 1 — ais equal to the in¬ 
finite scries a -+- ia* -t- {a* ■+■ &c. The celebrated 
Newton invented also the same seria for the quadrature 
of the hyperbola, and the construction of logarithms, and 
that before they were given by Gregory and Mercator, 
though unknown to one nnother. as appears by bis letter 
to Mr. Oldenburg, dated October 24, 1676. 'I'he expla¬ 
nation and construction of the logarithms are also further 
pursued in his Fluxions, published in 1736 by Mr. Colson. 

Dr. Halley, in the Philos. Trans, for the year I695, 


gave a very ingenious essay on the constraction of loga¬ 
rithms, entitled, “ A roost compendious and facile method 
for constructing the logarithms, and exemplified and de¬ 
monstrated from the nature of numbers, without any re¬ 
gard to the hyperbola, with a speedy method for finding 
the number from the given logarithm." 

instead of the more ordinary definition of logarithms, 

vi2, 'numerorumproporuonaliumequidiSerentescoroites,' 

the learned author adopts this other, ‘ numeri rationum 
exponentes,' as better adapted to the principle on which 
logarithms are here constructed, considering them as the 
number of ratiunculx contained in the given ratios whose 
logarithms arc in question. In this way be fint arrives at 
the logarithmic MTies before given by Newton and others, 
and afk-rwards, by various combinations and sections of 
the ratios, be derives others, converging still faster than 
the former. 'I'lius be found the logarithms of several 
ratios, as below , via, w hen multiplied by the modulus pe¬ 
culiar to the scale of logarithms, 
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Jog* of o lo b, 

•- -jp &c, the log. of to 4x, or 


- = 1 +/+ + -i-/J 

O * 9.3 


tF* *b®*»™«log.of^flito4a; 

where a, b, q, are any quantities, and the values of 
are thus, vis, x = f>->o, 

Dr. Halley also, the first who performed the reverse of 
the problem, by assigning the number to a given loga¬ 
rithm ; vie, 

b =sl—— -i-P 4- ■ I ■ l* &c. where I is the 

9.3 9 « 3.4 

logarithm of tltc ratio of a the less, to b the greater of any 
two terms. 

Mr. Abraham Sharp of Yorkshire made many calcula¬ 
tions and improvements in logarithms, &c. The mostre- 
markable of these were, fats quadrature of the circle to 73 
places of figures, and his computation of logarithms to6l 
figures, viz, for all numbers to iOO, and for all prime num¬ 
bers to 1 KM. 

' The ceicbrolcd Mr. Roger Cotes gave to the world a 
learned tract on the nature and construction of loga¬ 
rithms: this was first printed in tbePhilos.lVans. No.SSS, 
and afterwards with his Harmooia Mensurarum in 1722, 
under the title Logomciria. This tract however has justly 
been complained of, as very obscure and intricate, and the 
principle is something between that of Kepler and the 
method of fluxions. Ho invented the terms modulus and 
modular ratio, this being the ratio 

111 1 1 


of 14 - 7773 **■ s.3.4,> 


&c to I or 


1 


ofltol—U.0.4.S 

that is the ratio of 2*728231828439 &e to 1, 
or the ratio of 1 to 0*367879441171 
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Hie modulus of any system being the measure or logarithm^ 
of tliat ratio, which in the hyp. logarithms is 1, which in* 
Briggs’s or the common logarithms isO 4342944SIS03 &c. 

I he learned Dr. Brook l aytur gave another method of 
coniputiug logarithms in the Philos, Trans, No. 352, which 
is founde.l on these throi-principles, viz, Isl, Tliat the sum 
of the logarithms of any two numbers is the logarithm of 
the product of those numbers ; 2d. That the logarithm of 
1 isO, and consequently that the nearer any number is to 
1, the nearer will its logarithm be to 0; 3d, That the pro¬ 
duct of two numbers or factors, of which the one is greater, 
and the other less than 1, is nearer to 1, than that factor 
is which is on the same side of 1 with itself; so of the two 
numbers | and the product y is less than 1, but yet 
nearer to it than ^ is, which is also less than 1.—And on 
these principles he founds an ingenious, though not very 
obvious, approximation to the logarithms of given numbers. 

In the Philos. Trans, a Mr. John L<ong gave a method of 
constructing logarithms, by means of a small table, some¬ 
thing in the manner of one of Briggs's methods for the same 
purpose. 

Also in the Philos. Trans, vol. 6l, a tract on the con¬ 
struction of logarithms is given by the ingenious Mr. Wil¬ 
liam Jones. Ill this method, all numbers are considered 
as some certain powers of a constant determined root: 
thug, any number x is considered as the * power of any 
root r, or X = r' is takcu as a general expression for all 
numbers in terms of the constant root r and a variable ex¬ 
ponent z. Now the index z being the logarithm of the 
number x, therefore to hnd this logarithm, is the same 
thing as to hod what power of the radix r is equal to the 
number x. 

An elegant tract on logarithms, as a comment on Dr. 
Halley's method, was also given by Mr. Jones in his Sy¬ 
nopsis PalmariorumMatbcseos, published in the year t706. 

In theyear 1742, Mr. James Dodson published bis Anti- 
logarithmic Canon, containing all logarithms under 
100,000, and their corresponding natural numbers to 
eleven places of figures, with all their difl'crenccs and the 
proportional parts; ibc whole arranged in the order con¬ 
trary to that used in the common tables of numbers and 
logarithms, the exact logarithms being hero placed first, 
and their corresponding nearest numbers in the columns 
opposite to them. 

And in 1767, Mr. Andrew Reid published an “Essay 
on logarithms," in which be shows the compulation of lo¬ 
garithms from principles depending on the binomial theo¬ 
rem, and on the nature of the exponents of powers, the 
logarithms of numbers being here considered as the expo¬ 
nents of the powers of 10. In this way he brings out the 
Osual scries for logarithms, and exemplifies Dr. Halley's 
construction of them. But for the particulars of this, and 
the methods given by the other authors, we roust refer to 
the historical preface to my treatise on logarithms. 

Besides the authors above-mentioned, many others have 
treated on the subject of logarithms; among the principal 
of whom are, Leibnitz, Euler, Maclaurin, VVolfius, Kcill, 
Lagrange, and professor Siroson in an ingenious geometri¬ 
cal tract on logarithms, contained in his posthumous works, 
elegantly printed at Glasgow in the year 1776, at theex- 
pense of the learned Earl Stanhope, and by his lordship 
disposed of in presents among gentlemen most emiucot for 
iiiathematical learning. 

For the description and uses of logarithms in numeral 
calculations, with the various methods of constructing 


them, sec the historical introduction to my Logarithms 
pa. 124 et seq. ^ 

Briggs's or Common Logarith.ms, are those that have 
I for the logarithm of 10, or which have 0-4342944bl9 
cVe for the modulus ; as has been explained above. 

Hyperbolic Log a kith. ms, an- Uiosc- that were computed 
by the inventor Napier, and culled aUu somelimes natural 
logarithms, having I for tbeir modulus, or 2-302585092994 
&ic for the logarithm of 10. I licse have since been called 
hyperbolical logarithms, because tiny are analogous to 
the areas of a right-angled hypLTb<d!i between the asym¬ 
ptotes and the curve. See Logauitiims, also Uyverbola 
and Asymptotic Sp.vce. 

Lo^'sric Locahithms, are certain Ingarithms of sexa¬ 
gesimal numbers or fractions, useful in astronomical cal¬ 
culations. The logistic logarithm of any number of se¬ 
conds, is the difference between the common logarithm of 
that number and the logarithm of 3600, the seconds in I 
degree. 

The chief use of the table of logistic logarithms, is for 
the ready computing a proportional part in minutes and 
seconds, when two terms of the proportion arc minutes 
and seconds,or hours and minutes, or other such sexage¬ 
simal numbers. See the introd. to my Logarithms, pa. 144. 

Imaginary Logarithm, a term used in the Log, of 
imaginary and negative quantities; such as — a* 

or oa/— 1. The fiuculs of certain imaginary expres¬ 
sions are also imaginary logarithms; as of —~—, or of 

-j, See Euler Analys. Infin. voK i. pa* 72, 74. 

It is well known that the expression ^ represents the 
fluxion of the logarithm of x, and therefore the fluent of 
~ is tbe logarithm of x; and hence the fiucut of — 

* X “ K 

u (he imaginary logarithm of x* 

However, when these imaginary logarithms occur in 
the solutions of problems, they may be transformed into 
circular arcs or sectors; that is, the imaginary logarithm, 
or imaginary hyperbolic sector, becomes a real circular 
sector. See Bernoulli Oper. tom. i, pa. 400, and pa. 512. 
Maclaurin's Fluxions, art. 762. Cotes^s Harmon. Mens, 
pa. 45. WalmcsIeVi Anal, dcs Mes. pa.63. 

LOGARITHMIC# or Logistic Curve, a curve so 
called from its properties and uses, in^xplaintng and con* 
stnicting the logarithms, because its ordinates arc in geo¬ 
metrical progression, while the abscisses are in arithmetical 
progression; to that the abscisses are os the logarithms of 
tbe corresponding ordinates. And hence the curve will 
be constructed in this manner: Upon any right line, os an 
axis, take the equal parts ab, nc, cd, &c, or the arith¬ 
metical progression as, ac, ad, &c; and at the points 
A, B, c, t>, erect the perpendicular ordinates at, bq, 
CR, Ds, icc, in a geometrical progression; so is the curve 
line drawn through all the points r, q, r, s, &c, (ha lo¬ 
garithmic, or logistic curve; so called, because any absciss 
AB| is as the logarithm of its ordinate So that the 
axis ABC &c is an asymptote to the curve. 
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Ilencp, if any absciss an — x, its ordinate SO—y, 
AV = I, and rt = a certain constant quantity, or the mo¬ 
dulus of llu- lo^arilhms ; then the equation of the curve 
is j* 53 « X log. ol y 53 

Arid if the Huxiun of ihis equation be taken, it will be 
^y 

i — —; which gives this proportion, 

y : X y ■. a 

hm in any curve y : .r ; : y : the subtangent at ; thcre- 
toiethc subtangent of this curve iscvery-whereequal to the 
constant quantity a, or the modulus of the logarithms. 

7b find the Area contained betixeen t'j.o ordinates. Mere 

the fluxion of the area a oryx is y >« — s ay ; and the 

correct fluent is a = a x (ap — y) = a x (ap — no) 
= a X x'v = AT X pv. That is, the area apon be¬ 
tween any two ordinates, is equal to the rectangle of the 
constant siibtangeiit and ihe difl'erence of the ordinates. 
And hence, when the absciss is infinitely long, or the far¬ 
ther ordinate equal to nothing, then the infinitely long 
area APz is eijual AT x ap, or doublcthe triangle apt. 

To find the Solid formed by the curve revolved uhout its 
xis A?.. .The fluxion of the solid is i py*x = 

/ly* X ^ = payj, wlierep is =: 3'1‘H6 ; and the correct 

fluent is.5 = 4;)a x (ap" —y®) =-}/) x at x (ap*— no*), 
which is halt the difference between two cylinders of the 
common alliludo a or at, and the radii of their bases ap, 
NO. And hence, supposing the soli<l infinitelv long lo- 
wanis z, where y or the ordinate is nothing, the infinitely 
long solid will be equal to ipa x ap' = |/> x at x ap", 
or half the cylinder on the same base and its alliHide at. 

It has been said that Gunter gave the first idea of a 
curve whose abscisses arc in nrithmclical progression, 
while the corresponding ordinates are in geometrical pro¬ 
gression, or whose abscisses arc the logarithms of their or¬ 
dinates; but I do not find it noticed in any part of his wri¬ 
tings. This curve was afterwards considered by others, 
and named the logarillimic or logistic curve, by I'luygcns, 
in his Dissertntio deCuusa Graviiatis, where he enuroe- 
rates all the principal properties of it, showing its analogy 
to logarithms. Many other learned men have also treated 
of its properties ; particularly Ja. Gregory, in the preface 
'to his Geometrix Pars Universalis ; Le Seur and Jac- 
<|uier, in their Commenton Newton’s Principia; Dr. John 
Keill, in the elegant little Tract on Logarithms subjoined 
to his edition of Luclid's Elements ; and Francis Mascrcs 
Lsq.Cursilor Baron of the Exchequer, in his ingenious 
Freatisc on Trigonometry : see ulso Bernoulli’s Discourse 
in the Acta Eruditorum fortheyear 16'<)6, pa.216'; Guido 
Grando's Dcnionstratio Thenrematiim Mtiygencanorum 
circaLogisiicam sou Lngarithmicam Lineam;and Emerson 
on Curv£ Lines, pa. ip.—It is indeed rather extraordinary 
that this curve was not sooner announced to the public, 
since it results immediately from Napier’s manner of con¬ 
ceiving the generation of logarithms, by only supposing 
the lines which represent the natural numbers as placed at 
right angles to that upon which the logarithms are taken. 

This curve greatly facilitates the conception of loga¬ 
rithms, and affords an almost intuitive proof of the very 
important property of their fluxions, or very small incre¬ 
ments, namely, that the fluxion of the number is to the 
fluxion of the logarithm, as the number is to the subtan¬ 
gent ; as also this properly, that if three numbers bo taken 
very nearly equal, so that their Mtios may differ but a 
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little from a ratio of equality, as the three numbers 

10000000, 10000001, 10000002, their differences will 

be very nearly proportional to the logarithms of the ratios 
of those numbers to each other: all which follows from 
the logarithmic arcs differing very little from their chords, 
when they arc taken very small. And the constant sub- 
tangent of this curve is what was afterwards by Cotes called 
the modulus of the system of logarithms. 

Logarithmic, or Lo^tre ■Spiro/, is a curve constructed 
as follows. Divide the arch of a circle intoany number 
of equal parts ab. bd, de, Sec; 
and upon the radii drawn to the 
points of division lake cb, cd, ce. Sec, 
in a geometrical progression; so is 
the curve Abde Sec the logarithmic 
spiral; being thus called, because it 
is evident that ab, ad, ae, &c, being 
arithmcticals, nre ns the logarithms 
of CA, cb, cd, ce, &c which are gco- 
metricals; and a spiral, because it winds continually about 
the centre c, coming continually nearer, but without i ver 
really falling into it. In the Philos. Trans. Dr. Halley has 
happily applied this curve to the division of the meridian 
line in Mercator’s chart. See nlo Cotes’s Ilarmonia Mens., 
Guido Grando's Demonst. Tiieor. Huygen., the Acta 
Erudit. 1691, and Emerson’s Curves,&c. 

LOGIS'l'lCS, or LOGIb'l'lCAL Arithmetic, a name 
sometimes employed for the arithmetic of sexagesimal 
fractions, used in astronomical computations. This name 
was perhaps taken from a Greek treatise of Barlsmus, a 
monk, who wrote a book on Sexagesimal Multiplication, 
which he called logistic. Vossiiis places this author about 
the year 1350, but he mistakes the work for a trratisc uii 
algebra. The same term however has been used for tlie 
rules of computations in algebra, and in other species of 
arithmetic: witness the logistics of Vieia and other writers. 

Shakerly, in his Tabuls Brifannirte, has a table of 
logarithms adapted to sexagesimal fractions, which he 
calls logistical logarithms; and the expeditious arith¬ 
metic, obtained by means of them, he calls logistical 
arithmetic. 

Logistical Curve, Line, orSpiral, the samensthe Lo¬ 
garithmic ; which see. 

LONG (Roger), d-d. master of Pembroko-hall in 
Cambridge, Lowndes’s professor of astronomy in that uni¬ 
versity, &c. He was author of a well-known and much- 
approved treatise of astronomy, and the inventor of a re¬ 
markably curious astronomical machine. This was a hol¬ 
low sphere, of 18 feet diameter, in which more than 30 
persons might sit conveniently. Within-side the surface, 
which represented the heavens, was painted the stars and 
constellations, with the zodiac, meridians, and a)(isparallel 
to the axis of the world, upon which it was easily turned 
round by u winch. He died, December I6, 1770, at 9^ 
years of age. 

A few years before his death, Mr. Jones gave some anec¬ 
dotes of Dr.Long, as follows: “ He' is now in the 88th 
year of bis age, and for his years vegetc and active. He 
was lately put in nomination for the office of vice-chan¬ 
cellor: he executed that trust once before, 1 think in the 
year 1737. He is a very ingenious person, and sometimes 
very facetious. At the public commencement, in the’year 
1713. Dr. Greene (master of Bcnnet-college, and after¬ 
wards bishop of Ely) being then yicc-cbanccllor, Mr. 
Ixingwas pitched upon for tbo tripos performance; it was 
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ttitly and humourous, mid has passed through divers edi¬ 
tions. Some that remembered the delivery of it, told me, 
that in addressing the vice-chancellor (whom the uni>er- 
sity wags usually styled Miss Greene), the tripos-orator, 
being a native of Norfolk, and assuming the Norfolk dia¬ 
lect, instead of suyiiig Doininc Vice-Canccllarie, archly 
pronounced the words thus, Domina Vice-Cancellaria; 
which occasioned a general smile in that great auditory. 
His friend the late Mr»Ronfoy of llipton related to me 
the following little incident; ‘ That he and Dr. Long 
walking together in Cambridge in a dusky evening, and 
coming to a short post fixed in the pavement, which Mr. 
Uonfoy in ibc midst of chat and inattention took to be a 
boy standing in his way, he said in a hurry, • Get out of 
my way, boy I’ ‘ That boy. Sir,' said the doctor very 
calmly and slily, ‘ is a post-boy, who turns out of his way 
for nobody.’ 1 could recollect several other ingenious re¬ 
partees if there were occasion. One thing is remarkable, 
he never was a hale and hearty man, always of a tender and 
delicate constitution, yet toolc great care of it: his common 
drink water; he always dines with the fellows in the hall. 
Of late years he left off eating flesb ; in the room thereof, 
puddings, vcgctables,&c; sometimes aglassor two of wine." 

LONGIMETllY, the art of measuring lengths or 
distances, both accessible and inaccessible, forming a part 
of what is called heights and distances, being un applica¬ 
tion of geometry and trigonometry to such measurements. 
As to accessible lengths, they arc easily measured by the 
actual application of a rod, a chain, or wheel, or some 
other measure of length. 

But inaccessible lengths require the practice and pro¬ 
perties of geometry and trigonometry, cjthcr in the mea¬ 
surement and construction, or in the computation. For 
example, Suppose it were required to know the length or 
distance between the two places a and u, to wTiich places 
there is free access, but not to the intermediate parts, on 
account of water or some other im|icdimcnt; measure 
Uiercfurc, from a and B, the distances to any convenient 
place c, which suppose to be thus, viz. ac = 735, and 
)ic = 840 links; nnd let the angle at c, taken with a the¬ 
odolite or other instrument, be 55° 40*. From these mea¬ 
sures the length or distance ad may be determined, cither 
by geometrical construction, or by trigonometrical com¬ 
putation, Thus, first lay down an angle c =; 55^ 40', and 
upon its legs set off, from any convenient scale of equal 
parts, CA = 7S5,'aud CB = 840; then measure the di¬ 
stance between the points a and b by the same scale of 
equal parts, which will be found to be 740 nearly. Or 


Tang. lo 
Tang. 7 llfi 
s. Sum or ^ A =s 

to s. ^ c s= 35 40 
So BC = 840 
To AD = 741-2 


10 

9'I012880 

9^7 1 1092 
9-.‘Jl6'839i 
‘)y-’42793 
0-56'9y4O4 

were required lo find 




ilius by calculation, 

840 180® — 55® 40* = 124* 20', its half 62® 10', 
735 

Sum 1575 - - . - 

Bif. 105 - - “ • 


For a 2d Example—Suppose it 
the distance belwecu two inaccessible objects, as betw’ceii 
the house and mill, ii and m ; first measure any conveni- 
cm line on the ground, as ad, 300 vard.^; (hen at the 
station A take the angles bam = 58' -20', and maii = 
37 ; also ut the station b take the aiighs Am = 
53 30',and iirm = 45® 13'; hence the di'tunce or ]«/ h 
MU may be found, cither by geometrical construction, . r 
by trigonometrical calculation, thus : 

First draw a line a b of the given length of 300 , bv 
convenient scale of equal parts; then at the point a lay 
down the angles bam and mah of the magnitudes above 
given; and also at the point B the given angles abh and 
UBM ; then by applying the length ii.vi to the same scale of 
equal parts, it is found to be nearly 460 yards. 

Otherwise, by calculation. First, by adding and sub¬ 
tracting the angles, there is found as below ; 
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30 

45 
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: sin. 
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465-: 

and, 

sin« 

A.MB 

: sin. 

ABM 

: : AB : 

AM 

2^5 

76i- 


1-1972806 

0.0211893 


their sum is 1227-4431 
andtheirdiff. 295-4879 
'I'hcn as sum am -i- ah ; to dif. am — ah :; 

tang, i AHM-I- 4 Auii = 71®30', 
to tang. 4 Aiiu 4 auh = 35 44 
the dif. of which is AMR s 35 46'. 
Lastly, as s. AMU : s. mau : : au : mm ss 479'79S3, the 
distance sought. 

LONGITUDE q/" ifie Earth, is sometimes used to de¬ 
note its extent from west to cast, according to the 
direction of the equator: by which it stands contra-dis¬ 
tinguished from the latitude of the earth, which denotes 
its extent from one pole to tlic other. 

Longitude a Place, in Geography, is its longitudi¬ 
nal distance from some first meridian, which is assumed 
arbitrarily by different nation.v: the English call the first 
meridian, that which passes over the Royal Observatory 
pt Greenwich ; the French take the meridian of Paris for 
the first meridian; the Spaniards, Madrid; and so most 
other nations reckon that the first meridian which passes 
over their metropolis. 

'Fhe longitude of any place is therefore an arch of the 
equator intercepted between the tneridian of that place, 
and the first meridian. 

Longitude in the Heavau, as of a star, &c, is an arch 
of the ecliptic, counted from the beginning of Aries, to 
the place where it is cut by a circle perpendicular to it, 
and passing through the place of the star. 

LpNOITUDE qf the Sun or Star/rom the next equinoctial 
point, is the degrci-s they are distant from the beginning 
of Aries or Libra, cither before or after them ; which can 
never e.xcecd 180 degrees. 
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Lok G11 u DE, ftfoceniric^ HilioceTUric^ &:c, the longitU'Jc 
K>{ u planet as secu Jrom tlic earth, or from the sun. See 
the rrspoctisc terms. 

LongitcuFm i^avigniion, is tlie <listancc of a ship, or 
place, cast or west, from some other place or meridian, 
counted in degrees of the equator. When this distance is 
counted in leagues, or miles, or in degrees of the ouTidian, 
and not in those proper to the parallel of latitude, it is 
usually called <ieparturc« « 

An easy practjcahlc method of finding the longitude at 
sea, is the only thing wanted to render the art of naviga¬ 
tion perfect, and i*) a problem that has greatly perplexed 
mathematicians for the last two centuries: accordingly 
most of the commercial nations of Europe have ofl'erctl 
great rewards for the discovery of it; and in consequence 
very considerable mlvances have been made towards a pci^ 
feet solution of the probU in, capccially by the English. 

In the year 169d, the governmetit of Spain offered a 
reward of 1000 crowns for the solution of this problem ; 
and soon after the States of Holland offered 10 thousand 
florins f(»r the same. Encouraged by such otfers, in l6d3, 
M. John .Morin, professor of mathematics at Paris, pro¬ 
posed to rardin.il Uichheu, a method of resolving it; and 
though iUv commissioner^, w ho were appointed tuCNaminc 
this ineilioiE on account of the imperfect state of the lunar 
table's, judged it insuflicienl, cardinal Mazarin, in l6t5| 
procuTCil UiT the author a pension of 2000 livres. 

In \T\X an act was passed in the Hritish parliament, 
allowing 2000/ towaitls making c.Nperiments; and also 
cilTering a rewar<l to the pe^^on who should discovi*r the 
longitude lit sea, proportioned to the degree of accuracy 
that mitrlit be altainuil hy such discovery; viz, a'veward 
of 10,000/. it It delermincs the longitude to one <lcgree of 
a great circle,or (>U geographical miles; 15,000/ if it de¬ 
termines llie same to two-lhirds of that distance; and 
20,000/. if it <leterinine$ it to half that distance; with 
ocher regulations and oricoiiragemeiits. 12 Ann. cap. 15. 
Sec also stnt ) 4 Geo. 2, cap. tuul 26* Geo. 2, cup. 25. 
But, by slat. Gi*o. 3, all former acts concerning the 
longitu<ie at sea are repealed, e.xcrpt so much of them its 
relates to the appointment and authority of the commis¬ 
sioners, and suci) clauses as relate to the publishing of 
nautical alinaimcs, and other useful tables; and it enacts, 
that any person who shall discover a method for finding 
the longitude by means of a time-keeper, the principles of 
which not having hitherto been made ptiblic, shall be en¬ 
titled fo the rewani of 5000/. if it shall enable a ship to 
keep her longitude, during a voyage of 6 months, within 
Go gebgrapliical miles, or one degree of a great circle; to 
7500/. if within 40 geogrnpliical miles, or two-lhirds of a 
degree of a great eircle; t^r to a reward of 10,000/. if 
within SO geographical miles, or half a degree of a great 
circle. But il the method shnll be by means of improved 
solar and lunar tables, thcUuthbrof them shall be entitled 
to a rew'ar<l of 5000/. if they show the distance of the 
moon from the sun and stars within 15” of a degree, an¬ 
swering to about T of longitude, uficr making an allow'- 
ance of half a degree for the errors of observation, and 
after com|Htrison with astronomical observations for a pe¬ 
riod of 18^ years, or'during the period <if |hc irreguliiritics 
of the lunar motions. Or that in case any other method 
shall be proposed for flnding thu longitude at sea, besides 
those bcforc-mcntioncd, thu author shall be entitled to 
5000/. if it shall determine the longitude within one degree 
of a.great circle, or 60 geographical miles; to 7500/. if 


within two-thirds of that distance; and to 10,000/. if 
within half the said distance. 

Accordingly, many attempts have been made for such 
discovery, and several ways proposed, with various degrees 
of success. These however have been chiefly directed to 
methods of determining the difference of time between any 
two points on tlic earth; for the longitude of any place 
being an arc of the equator intercepted between two me¬ 
ridians, and this arc being proportional to the time re¬ 
quired by the sun to move from the one meridian to the 
other, at the rate of 4 minutes of time to one degree of the 
arc, it follows that the difference of time being known, 
and turned Into degrees according to that propurtion, it 
will give the longitude. 

This measurement of time has been attempted by some 
persons by means of clocks, watches, and other automata: 
for if a clock or watch were contrived to go uniformly at 
all seasons, an<I in all places and situations; such a ma¬ 
chine being regulated, for instance, to London or Green- 
w icli time, would always show the time of the day at Lon¬ 
don or Greenwich, wherever it should be carried to; then 
the time of the day at this place being found by observa¬ 
tions, the difference between these two times would give 
the difference of longitude, according to the proportion 
of one degree to 4 minutes of time. 

Gemma Frisius, in his tract Dc Principiis Astronoroiae 
ct Geographicc, printed at Antwerp in 1530, it seems, first 
suggested the method of finding the longitude at sea by 
means of watches, or time-kccpcrs; which muchtnes, he 
says, were then but lately invented. And soon after, the 
same was attempted by Metius, and some others; but tlic 
state of watch-making was then too iroperfcct for that 
purpose. Dr. Hooke and Mr. Huygens also, about the 
year 1664, applied (he invention of the pendulum-spring 
to watches; and employed it for the purpose of discover¬ 
ing the longitude at sea* Some disputes however between 
Dr. Hooke and the English ministry prevented any expe- 
rimonts from being made with watches constructed by 
him; but many experiments were made with some con¬ 
structed by Huygens; particularly Major Holmes, in a 
voyage from thu coast of Guinea in 1665, by one of these 
watches predicted the longitude of the island of Fuego to 
a great degree of accuracy. This success encouraged 
Huygens to improve the structure of his watches, (sec 
Philos. Trans, for May 1669); bOt experience soon con¬ 
vinced him, thal unless methods could be discovered for 
preserving the regular motion of such machines, and pre¬ 
venting the effects of heat and cold, and other disturbing 
causes, they could never answer the intention of disco¬ 
vering the longitude, and on this account his attempts 
failed* 

The first person who turned his thoughts this way, after 
the public cDCouragemcnl held out by the act of 1714, 
was Henry Sully, an Englishman; who,in the same year, 
printed at Vienna, a small tract* on the subject of watch¬ 
making; and afterwards removing to Paris, he employed 
himself there in improving time-kccpcrs for the discovery 
of the longitude. It is said he greatly diminished tho 
friction in the machinCf and itmdered uniform that which 
remained: and to him is principally to be attributed wbat 
is yet known of watch-making in France: for the cele¬ 
brated Julicn Ic Roy was his pupil, and to him owed most 
of his inventions, which he afterwards perfected and exth 
cuted: and this gentleman, with his son, and M. fier- 
thoud, arc tho priocipal persons in France who have 
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turned their thoughts this way since the lime of Sully. 
Several watches made by ilicsc last two artists, have been 
tried at sea, it is -said with good success, and many ac¬ 
counts have been published of these trials, at considerable 
Icnglh. 

In the year 1726 our countryman, Mr. John Harrison, 
produced a tiinc-kcepcr of his own construction, which 
did not err above one second in a month, for 10 years to¬ 
gether: and in the year 1736 he had a machine tried in 
a voyage to and from Lisbon; which was the means of 
correcting an error of almost a degree and a half in the 
computation ol the ship's reckoning. In consequence of 
this success, IMr. Harrison received public encourage¬ 
ment to proceed, and he made three other time-keepers, 
each more accurate than the former, which were finisltcd 
successively in the years 1739, 1758, and 1761 ; the last 
of which proved so much to his own satisfaction, that he 
applied to the Commissioners of longitude to have this 
instrument tried in a voyage to some port in the West- 
Indies, according to the directions of the statute of the 
12tli of Anne above'cited. Accordingly, Mr. William 
Harrison, son of the inventor, embarked in November 
1761, on a voyage for Jamaica, witl> this 4lh time-keeper 
or watch; and on his arrival there, the longitude, as 
shown by the time-keeper, differed but one geographical 
mile and a quarter from the true longitude, deduced from 
astronomical observationst The same gentleman returned 
to Lngland, with the time-keeper, in March 1762; when 
he found that it had erred, in the 4 months, no more than 
1 54"i in time, or 28 j- minutes of longitude; whereas the 
act requires no greater exactness than SO geographical 
miles, or minutes of a great circle, in such a voyage. Mr. 
Harrison now claimed the whole reward of 20,000/, offered 
by the said act: but some doubts arising in the minds of 
Hie coinmissinners, concerning the true situation of the 
island of Jamaica, and (he manner in which (he time at 
(hat place had been found, as well as at Portsmouth ; 
and it being farther suggested by some, that though the 
Itmc-kccpcr happened to be right at Jamaica, and ofler its 
return to England, it was by no means a proof that it had 
been iilways so in the intermediate timet; another trial 
was therefore proposed, in n voyage to (he island of Bar- 
badocs, in which precautions were taken to obviate as 
many of these objections as possible. Accordingly, (he 
commissionen previously sent out proper persons to make 
astronomical observations at that island, which, when 
compared with other corresponding ones made in England, 
would determine, beyond a doubt, its true situation: and 
Mr. Willfam Harrison again set out with his father’s tinie- 
kreper, in March 1764 , the watch having been compa'rcd 
with equal altitudes at Portsmouth, before be set out, and 
he arrived at Barbadocs about the middle of May; where, 
on comparing it again by equal altitudes of the sun, it 
was found to show the difference of longitude, between 
Portsmouth and Barbadocs, to be 3^ 55°* P'; (he true dif¬ 
ference of longitude between these places, by astronomicol 
observations, being 3** 54" 20*; so that the error of the 
watch WAS 43', or 10' 45" of longitude. In consequence 
of this, and (lie'formcr trials, Mr. Harnson received one 
moiety of the reward offered by the 12lh of Queen Anne, 
after explaining ibo principles on which his watch was 
constructed,and delivering this as well as the three former 
to the commissioners of the longitude, for the use of the 
public: and bo was promised the other moiety of the 
reward, when other time-keepen should be made, on the 
Voi,. I. 


same pniicrples, eiihcr by himself or others, performing 
equally well U.ih that which he had last made. In the 
moan lime, this last time-keeper was sent down to the 
Koyal Observatory at Greenwich, to be tried there under 
the direction of the llev. Dr. Ma.kelync. the astronomer- 
royal. Bui It did not aj.pcar, during this trial, that the 
watch wont with the regularity that was e.Npectcd; from 
which It wasapprehended, that thcperlornianccevenofihe 
same watch, was not at all times equal; and consequently 
that little certainty could he expected in the performance 
of dificrcnt ones. Moreover, the watch was now found to 
go faster than during the voyage to and from Barbadocs, 
hy 18 or 19 seconds in 24 hours: but this circumstance 
was accounted for by Mr. Harrison; who informs us that 
he had nllered the rate of its going by trying some e.vpc- 
riments, which lie had not time to finisii before he was 
onlcred to deliver up the watch to the Board. Soon 
after this trial, the commissioners of longituilc agreed with 
Mr. Kendal, one of the watch-makers appointed by them 
to receive Mr. Harrison's discoveries, to make another 
watch on the same construction with this, to determine 
whether such watches could be made from the account 
which Mr. Harrison iiad given, by other persons, as well 
as himself. I’he event proved the affirmative; for the 
watch produced by Mr. Kendal, in consequence of this 
agreement, went considerably better than Mr. Harrison's 
did. Mr. Kendal's watch was sent out with Cupt. Cook, 
in his 2d voyage towards the south pole and round the 
globe, in the years 1772, 1773, 1774, and 1775; when 
the only fault found in the watch w.is, that its rate of 
going was continually accelerated ; though in this trial, 
of 3 years and a half, it never amounie l lo 14"4 a day. 
The consequence was, that the liousc-of commons in 1774, 
to whom all appeal had been made, w'erc pleased to order 
the 2d moiety of the reward to be given to Mr. Harrison, 
and to pass the act above-nicnlioiicd. Mr. Harrison had 
also at different limes received some other sums of money, 
as cncouragonicnts to him to continue his endeavours, 
from the Board of Longitude, and from the India Com¬ 
pany, as well as from many individuals. Mr. Arnold, 
Mr. Mudge, Mr. Enisliaw, Mr. Hardy, and some other 
persons have since also made several very good watches 
for the same purpose. 

Others have propowd various astronomical methods for 
finding the longitude, which chiefly depend on having an 
cphcmcris or ^nianac suited to the meridian of some 
place, as Greenwich for instance, to which the nautical 
almanac is adapted, that shall contain for every day com¬ 
putations of the times of all remarkable celestial motioos 
and appearances, as adapted tr> (hat meridian. So that, 
if the hour and minute be known when any of the same 
phenomena are observed in any other place, whoso longi¬ 
tude is desired, the difference between this time and (hat 
to which the time of (he said phenomenon was calculated 
and set down in the almanac, will be known, and conse¬ 
quently the difference of longitude also becomes known, 
between that place aud Greenwich, oUowing at the rate 
of 15 degrees to an hour. 

Now it is easy to find the time at any place, by means 
of the altitude or aziniulb of the sun or stars; which time 
it is necessary to find by tfao same means, both in these 
astronomical modes of determining the longitude, and in 
the former by a time-keeper; and it is the difference be¬ 
tween that time, so determined, and the time at Green¬ 
wich, known either by (be time-keeper or by ihoastrono- 
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inical observations of ccleslial phenomena, which gives 
the difference of longitude, at the rale above-mentioned. 
But here the great difficulty is, that there are only a 
few phcnonicmi jiroper, or capable of being tlius 
observed; for all slow motions, such as belong to the 
planet Saturn for instance, arc quite excluded, as afford¬ 
ing too small a difference, in a considerable space of time, 
to be properly observed; indeed there are no phenomena 
in the heavens proper for this purpose, except the eclipses 
or motions of Jupiter’s satellites, and the eclipses or mo¬ 
tions of the moon, viz, t^uch ns her distance from the sun 
or certain fixed stars lying near her path, or her longitude 
or place in the zodiac, &c. 

Ist, Thai by the eclipses of the moon is very easy, and 
sufficiently accurate, if they did but happen often, as every 
night. For at the moment when the beginning, or middle, 
or end of an eclipse is observed by a telescope, there is 
no more to be done but to determine the time by observing 
the altitude or azinnith of some known star; which time 
being compared with that in the tables, set down for the 
happening of the same phenomenon at Grccinvicli, gives 
the ditlereiice in lime, and consequently of longitude 
sought. Hut as tlie beginning or end of an eclipse of llic 
moon cannot generally be observed nearer than one mi¬ 
nute, and sometimes 2 or 3 minutes of time, lliu longitude 
cannot certainly be determined by tins method, from a 
single observation, nearer than one degree of longitude. 
Hpwever, by two or more observations, as of the begin¬ 
ning and end 6ec, a much greater degree of exactness may 
be attained. 

2d, Tiic- moon's place in the zodiac is a phenomenon 
more frequent than that of her eclipses; but then the ob¬ 
servation o1 It is difficult, and the calculus perplexed and 
intricate, by reason of two parallaxes; so that it is hardly 
practicable, to any tolerable degree of accuracy. 

dd. Hut the moon’s c^stanccs from the sun, or certain 
fixed Stars, arc phenomena to be ubservcrl many times in 
almost every night, and afford a good practical method of 
determining the longitude of a ship at almost uny time; 
cither by computing, from thence, the moon’s true place, 
to compare with the same in the almanac; or by com¬ 
paring her observed distance itself with the same us there 
set down. 

It is said that (iic first person who recommended the 
finding (lie longitude from this observed distance between 
(he moon and some star, was John Werner, of Nuremberg, 
who printed ills nnnointions on the first book of Ptolemy’s 
Geography in 1514. And the same thing was rccom- 
jnended in 1524, by Peter Apinn, professor of mathema¬ 
tics nt Ingolstudt; also about 1530, by Oronce Fin6, of 
Brian9nn; and the same year by the celebrated Kepler, 
and by Gemma Frisius, at Antwerp; and in 156'0, by 
Nonius or Pedro Nunez. 

Nor were the English mathematicians behind hand on 
this head. In 1665 Sir Jonas Moore prevailed on king 
Charles the 2d to erect the Uoyal Observatory at Green¬ 
wich, and to appoint Mr. Flamsteed his astronomical ob¬ 
server, with this express command, that he should apply 
himself with the utmost care and diligence to the rectify¬ 
ing the table of the motions of the heavens, and the places 
of the li.\cd stars, in order to find out the longitude at sea, 
for perfecting the art of navigation. -And to the fidelity 
and industry with which Mr. Flamsteed executed bis 
commission, it is that we are chiefly indebted for that cu¬ 
rious theory of iho moon, which was afterwards formed by 


the immortal Newton. This incomparable philotophcr 
made the best possible use of the observations with which 
he was furnished; but as these were interrupted and im¬ 
perfect, his theory would sometimes differ from the hea¬ 
vens by 5 minutes or more. 

Dr. Halley bestowed much time on the same object; 
and a starry zodiac was published under his direction, 
containing all the stars to which the moon's appuisc can 
be observed; but for want of correct tables, and proper 
instruments, he could not proceed in making the necessary 
observations. In a paper on tliis subject, in the Philos. 
Trans. No. 421, he expresses his hope, that the instrument 
just invented by Mr. Hadley might be applied to taking 
angles at sea with the desired accuracy. This great astrxv 
nomcr, and after him Lacaillc, and others, have reckoned 
the best astronomical method for finding the longitude at 
sea, to be that in which the distance of the moon from the 
sun or from a star is used; for the moon’s daily motion 
being about 13 degrees, her hourly mean motion is above 
half a degree, or one minute of a degree in two minutes of 
time ; so that an error of one minute of a degree in posi¬ 
tion will produce an error of 2 minutes in time, or half a 
degree in longitude. Now from the great-improvements 
made by Newton in the theory of the moon, and more 
lately by Euler and others on his principles. Professor 
Mayer of Gottingen, was enabled to calculate lunar ta¬ 
bles more correct than any former ones; having so far 
succeeded as to give the moon’s place within one minute 
of the truth, which has been prbvcd by a comparison of 
the tables with the observations made at the Greenwich 
observatory by the late Dr. Bradley, and by Dr. Maske- 
lyiic, the astronomer royal; and the same have been 
still further improved under his direction, by the late 
Mr. Charles Mason, by several new equations, and the 
wliolc computed to tenths of n second, 'fhese new tables, 
when compared with (he above* mentioned series of obser¬ 
vations, a proper allowance being made for the unavoida¬ 
ble error of observation, seem to give always the moon’s 
longitude in the heavens correctly within 30 seconds of a 
degree; which greatest error, added to a possible error of 
one minute in taking the moon's distance from the sun or 
a star at sea, will at a medium only produce an error of 42 
minutes of longitude. Further successive improv'cmcnts 
in them have since been made, by the labours of Messieurs 
Lugmngc, Laplace, Lalandc, Delambrc, Burg, and Vince; 
by which means it is thought the astronomical tables have 
been brought to the most correct form that the present 
state of astronomical knowledge will permit. 

To facilitate the use of the tables, Dr. Maskelync pro¬ 
posed a nautical ephemeris, the scheme of which was 
adopted by the commissioners of longitude, and first exe¬ 
cuted in the year 1707; since which time it has been re¬ 
gularly continued, and published as fur as for the year 
1816. But ns the rules that were given in the appendii 4 
to one «f those pub'lications, for correcting the effects of 
refraction and parallax, were thought loo difficult for ge¬ 
neral use, they have been reduced to tables. So that, by 
tlic help of the ephemeris, these tables, and others that are 
also provided by the Board of Longitude, the calculations 
relating to the longitude, which could not be performed’ 
by the most expert mathematician in less than 4 hours,, 
may now bo completed with great case and* accuracy in 
half an hour. " 

As this method ofdelcrroiniog the longitude dqiends om 
the use of the tables annually published for this purpuia^ 
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those who wish for farther infortnatron, are referred to the 
instructions that accompany them, and particularly to 
those that arc annexed to the Tables requisite to be used 
with the Astronomical and Nautical Ephcmcris, 3d edit. 
1S02. See Lunak Methody below. 

4lh, Tlie phenomena of Jupiter's satellites have com¬ 
monly been preferred to those of the moon, for finding the 
longitude; because they arc less liable to parallaxes "than 
these arc, and besides they afford a very commodious ob¬ 
servation whenever the planet is above the horizon. Their 
motion is very swift, and must be calculated for every 
hour. Ibcsc satellites of Jupiter were no sooner an^ 
nounced by Galileo, in his Syderius Kuncius, first printed 
at Venice in I6't0, than the frequency of their eclipses re¬ 
commended them for this purpose; and among those who 
treated on this subject, none was more successful than 
Cassini. This grcuit astronomer published, at Bologna, in 
168b, tables for calculating the appearances of their 
eclipses, with directions for finding the longitudes of places 
by them ; and being invited to France by Louis the I4tb, 
he there, in the year I693, published more correct tables 
of the same. But the mutual attractions of the satellites 
rendering their motions very irregular, those tables soon 
became useless for this purpose; insomuch that they re¬ 
quire to be renewed from time to time; a service which 
has been performed by several ingenious astronomers, as 
Dr. Pound, Dr. Bradley, M. Cassini the son, and more 
especially by Mr* Wargentin, whose tables arc much 
esteemed, and have been published in several places, as 
well as in the Nautical Almanacs for 1771 and 1779. 

Now, to find the longitude by these satellites; with a 
good telescope observe some of their phenomena, as tho 
conjunction of two of them, or of one of them with Ju¬ 
piter, &c; and at the same lime find the hour and minute, 
from the altitudes of the stars, or by means of a clock or 
watch, previously regulated for the place of observation ; 
then, consulting tables of the satellites, observe the lime 
when the same appearance happens in the meridian of the 
place for Which the tables arc calculated; and the differ¬ 
ence of time, as before, will give the longitude. ^ 

The eclipses of the first and second of Jupiter's satellites 
are the most proper for this purpose; and as they happen 
almost daily, they afford a ready mdans of determining the 
longitude of placesat land, having indeed contributed much 
to the modern improvements in geography; and if it were 
possible to observe them with proper telescopes, in a ship 
under sail, they would be of great service in ascertaining 
its longitude from time to time. To obviate the inconve¬ 
nience to which these observations are liable from the mo* 
lions of the ship, a Mr. Invin invented what he called a 
marine chair; this was tried by Dr. Maskelyne, in hts 
voyage to Darbadocs, when it was not found that any be¬ 
nefit could be derived from the use of it.' And indeed, 
coilsidering the great power requisite in a telescope proper 
for these observations, and the violence, as well as irregu¬ 
larities in the motion of a ship,, it is to be feared that the 
complete management of a telescope on ship-board, will 
always remain among the desiderata in thb part of nauti¬ 
cal science. And further, since all methods that depend 
on the phenomena of the heavens, have also this other de¬ 
fect, that they cannot be observed at all times, this renders 
the improvement of time-keepers an object of the more 
importance. 

Many other schemes and proposals have been made by 
different persons, but most of thorn of very little or no 


use ; such as by the space between the flash and report of 
a great gun, propobcd b) Messrs. Whiston and Ditlon; 
and another proposed by Mr. Whiston, by mt-ans of i)ic in- 
clinalory or dipping needle; besides a method by the va¬ 
riation of ihcmagnc'lic-nccdlc, &:c, &:c. 

For approximate constructions for clearing the lunar 
distances from the efiects of parallax and refraction, t)ie 
reader may consult Dr. Kcll/s Spherics and Nautical 
Astronomy, Ac. And for more detailed information re¬ 
specting the above, and other methods of ascertaining the 
longitude, see Dr. Macka/s and Mr. Mendoza's valuable 
works; also Vince's Astronomy, vol.2, pa. 515, &c, aiid 
O. Gregory's Astronomy, pa. 446 to470. 

LoxcITUDE 0/Morion, is a term used by Dr. Wallis 
for the measure of motion, estimated according to its line 
of direction ; or it is the distance or length gone through 
by the centre of any moving body, as it moves on in a right 
line.—Tlie same author calls the measure of any motion, 
estimated according to the line of direction of the vis mo- 
trix, tile altitude of it. 

LONGOMONTANUS (Ciihistiak)* a learned astro¬ 
nomer, born in Denmark in 1562, in the village of Lon- 
gomontum, whence he took bis name. Vossius, by mistake, 
calls him Christopher. He was the son of a poor plough¬ 
man,and he was obliged to suffer, during his studies, all the 
hardships to which ho could bo exposed, dividing his time, 
like the philosophcrClcantbcs, between the cultivation of 
the earth and the lessons he received from the minister of 
the place. At length, at 15 years of age he stole away 
from his family, and went lo Wiburg, where there was a 
college, in which he spent 11 years; and though he w*as 
obliged to earn his livelihood as he could, his close appli¬ 
cation to study, enabled him to make a great progress in 
learning, particularly in the mathematical sciences. 

lienee he wont to Copenhagen ; where the professors of 
that university soon conceived a very high opinion of him, 
and recommended him to the celebrated Tycho Brab^, 
with whom I^ngoinontanus lived 8 years, and was of 
great service to him in his observations and calculations. 
At length, being very desirous of obtaining a professor's 
chair in Denmark, Tycho Urah4 consented, with some dif¬ 
ficulty, to his leaving him, giving him a discharge filled 
with the highest testimonies of his esteem, and furnishing 
him with money for the expense of bis long journey from 
Germany, whither Tycho had retired. He accordingly 
obtained a professorship of mathematics in the university 
of Copenhagen in l605, the duty of which he discharged 
very worthily till his deaths which happened in ]647> at 
85 years of age. 

Longomontanus was author of several works, which 
show great talents in mathematics and astronomy. The 
most distinguished of which, is his Astronomica Danica, 
first printed in 4to, 1621, and afterwards in folio in 1640, 
with augmentations. He amused himself with endeavour¬ 
ing to square the circle, and pretended that be had made 
the discovery of it; but our countryman Dr. John Pell 
attacked him warmly on that subject, and proved that ho 
was mistaken.—Ic is remarkable that, obscure as his village 
and father were, he contrived to dignify and eternise them 
both ; for be took his name from his village, and in the 
title page to some of his works he wrote himself Cbristianus 
Longomontanus Sevcrini filius, hU father's name being Se- 
verin or Severinus. 

LOXODROMlCCuitvB»orSpxaAL,is the same as the 
rhumb line, or path of a ship sailing always on the snme 
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course iuanobliquo direction, or making always the same 
angio with every meridian. It is u species of logarithmic 
spiral, described on (he surface of the sphere, having the 
meridians for iu radii* 

LOXODllOMICS, the art or method of oblique sail* 
ing, by the loxodroinic or rhumb line. 

LOZL^NCK, an oblique-angled parallelogram; being 
otherwise called a rhombus, or a rhoniboidcs. 

LUBIENIETSKI (Stanislavs), a Polish gentleman, 
born at Cracow, in l623, and educated with great care bv 
his father. He was lcarne<l in astronomy, and became a 
celebrated Socinian minister* He took great pains to ob¬ 
tain a toleration from the German princes for his Socinian 
hretlircn* His entleavours however were all in vain ; 
being himself persecuted by the Lutheran ministers, and 
banished from place to place; till at length he was banished 
out of the world, with his two daughters, by poison, in 
1675, his wife narrowly escaping. 

We have, of his writing, A History of the Reformation 
in Pciland ; and a Treatise on Coinel<, cnlilledl'hcatruin 
Cometicuin, printed at Amsterdam in 2 volumes folio; 
whicli is a most elaborate Nvurk, containing a minute histo¬ 
rical account of every single comet that had been seen or 
ffcordetl. 

LUCIDA Co RON/X, a fixed ^tar of the 2d magnitude, 
in the northern crow^n. SeeCoRfVNA lionulU^ 

Lucid A IIydrx. See Co u liydra^ 

Lucida Lyr.x, a bright star of the first magnitude in 
the constellation Lyra. 

LUCIFER, a name given to the planet Venu^, when she 
appears in the morning before sunrise. 

LUDOLPH VAN Ceulen. See Crulen. 

LUMINARIES, a term used for the sun and moon, 
by way of eminence, for their extraordinary lustre, and 
the great quantity of light they give us. 

LUNA, tlie Moon; which see. 

LUNAR, something relating to the moon* 

Lunar CyWc, or Ct^cUof the Moon, Sec Cyclr. 

Lunar Oi'^UtncCf m nautical ustronomy, a ternt de¬ 
noting the distance of the moon from the .sun, or from a 
fixed star lying nearly in the line of its path. *rhc mea¬ 
surement of the apparent lunar distances, an<i the deter* 
mination of the true lunar distances from thence, are of 
great use in determining the longitude at sea, or on laml* 

Lunar Method for the Loti^itude^ a method of keeping 
or finding the longitude by means of the moon's motions, 
particularly by lier observed distances from the sun and 
stars; fir which, see the articlo Longitude. 

This method consists in taking an<l reducing tlie distance 
between the moon and the sun or a fixed star, in order to 
find the longitude at sen; which lias been already ex¬ 
plained generally under the article LONOiTUDii ; but the 
great utility and importance of the subject require here a 
further and more minute explanation of its principlcsand 
operations, with an account of ihcditfercnt methods that 
have been devised for obtaining the solution; and 1 shall 
conclude the article with u very simple projection, in* 
vented by Dr. Kelly, which is found sufficiently correct 
for the common purposes of nautical practice, aud even 
whore the greatest accuracy is required, it is found useful 
as a guide or check to calculation* 

The lunar method of finding the longitude at sea, is the 
greatest modern improvement in navigation.^ In order to 
form a clear and comprehensive idea the subject, it 
should be first considered, that in the most practicol methods 


of finding the longitude at sea by celestial obscnrationi, 
the moon is the chief instrument; for the quickness of her 
motion renders her peculiarly well adapted for measuring 
small portions of correspondent time.—Now, os she is seen 
in the same part of the heavens nearly, at the same instant 
of absolute time, from all parts of the earth where she is 
visible, and a$ she is continually and sensibly changing her 
place, it is evident (hat if two correspondent observers 
were to note the precise moment of their respective tim^, 
when she is seen in any particular part of the heavens the 
ditTcrenco between those times would show the diSerence 
of longitude. 

In every mclhod of finding the longitude by the moon, 
the first object is to be able to ascertain the part of the 
heavens where she is :—this is easily seen at (he time of 
her eclipses, or at the occultatton of a fixed star, and these 
were naturally the first methods resorted to; but they oc* 
cur too seldom for general use: the moon's place how¬ 
ever may be marked with equal precision, by taking her 
distance from some fixed object, whose latitude and lon¬ 
gitude arc known; the stars in or near the aodiac arc pre¬ 
ferred, as the nearer such objects arc to the moon's path, 
the quicker will be her motion with respect to them : and 
though hci* motion is not uniform, yet, during llie short 
space of time that she is near any star, it may be consi¬ 
dered as such* 

It may be observed, that if two persons under difTerent 
meridians were to mark the moon's place, and also their 
relative times of observation, they might thence tell their 
difference of longitude; but they could not communicate 
their observations sufficiently soon for practical purposes; 
but even admitting the possibility of tliis, it were neces¬ 
sary that the longitude of one place should bo known, in 
order to determine that of the other* Now the Nautical 
Almanac is calculated to supply all these wants* This 
work may be considered a perpetual observer, that com¬ 
municates universally and instantaneously certain celestial 
appearances, as they lake place at Greenwich observatory* 
Hero the distances arc given between the moon and the 
sun, and certain remarkable stars in or near the aodiac, 
for every three hours; and any intermediato distance, or 
time, may be thence found by the rule of proportion, with 
sufficient accuracy. If therefore, under any meridian, a 
lunar distance be observed, the difference between (he 
time of observation and the time in the almanac, when 
the same distance was to take place at Greenwich, will 
show the longitude* For example, if the observed dis¬ 
tance between the sun and moon be 50^ at 8 o'clock, but 
by the almanac the same distance of 60^ will lake place at 
Greenwich at 6, it is evident that the difference between 
the observed and computed time is 2 hours, and (liereforo 
the longitude is and it is also clear that the longi¬ 
tude is cast, the time being most advonced at the place of 
obscrYatioD* 

A method so apparently simple must have been long 
since adopted, but for two difficulties which occurred : 
one the want of proper instruments; which now has been 
happily supplied by the invention and subsequent im¬ 
provement of Hadley's quadrant; and the other, correct 
lunar tables; for the moon, though so near and so con¬ 
spicuous to the earth, has always perplexed astronomers 
more than any other celestial body* The various in¬ 
equalities of her motions were never properly understood, 
until Sir Isaac Newton discovered the phyitcallows which 
govern them; and from his theory professor Mayer formed 
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lunar tables, from ubicL those tables, in (he Nautical 
Almanac, of the lunar distances «erc calculated, under 
the direction of Dr. Maskcl^ne for manyycars. In 1806' 
the French Board of Longitude published new Lunar '1 a- 
bles, calculated by Du Burg, from the theory of Laplace 
and the observations of Dr. Maskelync; and from these 
tables the lunar distances in the Nautical Almanac of 
ISIS, and the following years, are computed. 

The above two difficulties h.tving been obviated, a third 
seems still to remain ; and tliough this is in some measure 
removed by lliu application of the Nautical Almanac and 
requisite tables, yet still the calculation is more tedious 
than might be wished ; nor is it possible to render it much 
shorter, as the problem ncccssarrly comprehends the solu> 
tionsof two spheric triangles: this arises from the circum¬ 
stance of the observed distances bcluecn the lieavciily bo¬ 
dies not being the true distances; for the altitudes of those 
bodies arc more or less alTected both by refraction and 
parallax; and though these cft'ects only o|)cratc in a ver¬ 
tical direction, yet that which changes'the altitude of two 
bodies, must also change the distance between them. This 
is evident from the consideration, that thealtitude ofa ce¬ 
lestial object is an arc of an azimuth circle intercepted 
between the object and the horizon, and as all azimuth 
•ircles incline gradually to each other, from the horizon 
to the zenith, where they meet, it is plain that the more 
two bodies arc apparently raised, the less will be their 
apparent distance asunder, and the contrary. 

it has been already stated that the heavenly bodies arc 
raised by refraction, and depressed by parallax; and that 
these effects arc greatest in the horizon, and gradually di¬ 
minish to the zenith, where they become nothing. Hc- 
fraciion de|)ends on altitude alone, but paralla.x depends 
on both altitude and distance from the earth. All celes¬ 
tial objects, c.xccpt the moon, are more affected by re¬ 
fraction than by parallax, and therefore appear above 
their true places; but the moon is alwa3-s seen, cxcc-piing 
in the zenith, below her true place, being more affected 
by parallax than by refraction, on account of her prox¬ 
imity to the earth. 

'J hese effects of parallax and refraction, though coun¬ 
teracting each other, seldom <lo it so equally as to render 
all correction unnecessary. Sometimes the apparent di¬ 
stance is nearly a whole degree more or less than the true 
distance; and (he principal cause of so great a difference 
is the moon's parallax; for this body, wbicli is the chief 
guide to the longitude, is also the greot cause of error in 
the distances, and is therefore the principal object of cor¬ 
rection. 

In making a lunar observation, four persons arc usually 
employed, one of whom takes the distance, two the alti¬ 
tudes, and (he fourth notes the time. These things should 
be performed at the same instant; and if the observation 
be repealed several times, un<l a mean taken, the work is 
likely to be the more correct; and great care is here ne¬ 
cessary, for an error in this part of'the operation, parti¬ 
cularly in taking the distance, will pervade the subsequent 
parts of (he work, and will of course produce a wrong solu¬ 
tion. The manner of adjust'uig the instruments, and of 
making the observations, is best (aught by practice. Those 
who wish for written instructions on the subject, are re¬ 
ferred to the British Mariner’s Guide by Dr. Maskviynci 
to Dr. Mackey’s book on the Longitude, or to professor 
Vince’s Practical Astronomy. 


L U N 


Of correcting the Ahitudes of the observed When 

a lunar observation is made, the first object is to clear the 
altitudes from semidiameter, dip, refraction, and parallax, 
according to usual practice. The moon’s parallax in al¬ 
titude must next be calculated : by saying, “ As radius is 
to the bine of her zciiiih distance, so is the sine of her ho¬ 
rizontal parallax (as given in the Nautical Almanac) to 
the sine ol her parallax in altitude. 

In correcting »he moon’s altitude, an allowance should 
be made for the augmentation of her semidiameter, which 
gradually- takes place Irom llie horizon to the zenith. 
1 his increase is given, in the 4th of the Requisite Tables, 
for every 5 degrees of altitude, which correction is to be 
added to her horizontal semidiameu-r given in the Nau- 
tica] Almanac. 

1 he augmcniation of the moon's semidiameter is caused 
by her being nearer to the spectator in the zenith than in 
the hori^oD) by a semifliamotcr of the earth—for the ap- 
parcMit magnitude ol u body is in tbe inverse ratio of its 
distance from the ob>C'rvcr ; and as the earths semidia- 
mvter bears a very sensibje proportion to the moon's di¬ 
stance, slie is seen under (lie createst angle in tbc 2cnith, 
which angle grailually diminishes to tlic horizon. 

There are other corrections of the altitudes, which may 
be necessary in cases of peculiar nictty, but which are 
scidoin noticed at sea. U'hcse arc, uit allowance for the 
contraction of tho vertical semidiameters of the sun an<l 
moon by refraction; a correction of the moon's parallax, 
supposing the earth an oblate spheroid; a correction fur 
the refraction according to the actual state of the atmo¬ 
sphere,'as sh<Avn by a thermometer and barometer, and not 
according to the mean astronomical refraction which is 
commonly used. Those corrections, though perhHj)s ne¬ 
cessary towards the perfection of this prckblem, being very 
small, and frequently counteracting each other, arc ge¬ 
nerally considered ot little consequence in nautical prac¬ 
tice, where greater errors arc undvoirlable. 

From ihe coi'TCCtcd Aliitudes io find the true Disiance,^\% 
is easy to conceive that by a lunar observation, (he three 
sides of a spheric triangle arc mcusucx'tI in tho heavens, 
which sides arc the apparent co-aUrtudes of the observed 
bodies, And their apparent distance asunder. 

Thcco^allitudesor zenith distances being corrected, the 
question is, to find the true distance between the observed 
bodies; but hero only two things arc given, and therefore 
it cannot be pcrforriied until the anule ut the zenith is 
known, which is determined from the three given sides of 


V 


cc 


(he triangle, by the rules of spheric trigonometry* 
Kelly's Spherics, pa* 182* 

As the cflects of parallax, refraction, &c, operate only 
in a vertical direction, it is evident that the corrections 
of the zenith distances, or containing sides, will not change 
the included angle at the zenith ; and therefore three things 
ore now known, namely, the corrected zenith distances 
and the included angle, whence the other side is deter¬ 
mined by spherics, and this side is the true distance 
souglit. 

A gmtral Viev) qf the different Methods of ^siorking the 
lunar Ob$ertutions.—Vc\y problems have ever been more in¬ 
vestigated and studied, than that of clearing* tho lunar di¬ 
stances, and many ingenious methods have been devised for 
contracting the operation. These methods arc founded on 
some of the following general principles* Tho first is 
spheric Irigonomctryi as before explained; tbc second is 
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ihc cloclrinc of proporlional error®, by wliicb the cfTccts 
tbal the errors in the altitudes produce on the distance^ 
arc solved by lluxions, or by the dilTcrcntia) calculus ; and 
a third principle has been lately discovered, which is 
founded on the properties of a ((uadrangle inscribed in a 
circle* us explained and exemplilied by llic inventor, Dr. 
Andrew, in his Astronomical and Nautical Tables* 

\'anous inetliods of working the lunar observations 
have been devised, chiefly by Htilley, Euler, Mayer* Mas- 
kclyne, Duntborn* Lyons, Wiichull, Burrow, Borda, Wales, 
Mackny, Kelly, Gerrard, Andretv, and Mendtiza* The 
inetliods of the two last authors appear to be the most 
concise, but all arc sullicjcnlly correct, and seamen gene* 
rally |)rctVr such a> they have first learnt* It may indeed 
be observed, that operations which appear the most con¬ 
cise, are not always the most expeditiously performed ; 
Ub much flepends on the number and variety of tables re¬ 
quired, and the manner of applying them. No method, 
lias hitherto obtained an e.sclusiNepreference over the rest, 
nor di)(*s It appear possible to reduce the calculation to 
a conciseness to answer the gcnerul wants or wishes ^if sea- 
jneii ;and hence, otluT modes have been devised of obtain- 
ing ap|>r(>.\imate solutions by projection or graphic ope¬ 
ration* 

Graphic Operaiions .—'The first graphic method for clear¬ 
ing the distances, was that published by I^caillc, called 
the Chassis de llcduction, Mhich has since been copied 
by Lulande, Mackny, and others* It is an orthographic 
' projection, consisting ofa great number of lanes accurately 
drawn, and various scales for obtaining the different cor¬ 
rections. 

On similar principles, and for the same purpose, the 
late Mr* James Fergusson, teacher of na\igation and exa¬ 
miner in that science to the East-Indiu Company, con- 
structe<l a Itoiuldf or longitude iiislrumcnt, which did 
great credit to him as a man of science* 

Another graphic operation, of a*diffcrent description, 
was executed by Mr* George Margetts, and published in 
17£)0* It consists of 70 large plates, containing numerous 
lines drawn from the solution of lunar distances in Dr* 
Shepherd's Tables* By Margett’s Longitude Tables, the 
solution of a lunar observation may be obtained in about 
one-fourth of the time required by calculation; and the 
answer, though not given as perfectly accurate, is suffi¬ 
ciently 90 for the general purposes of navigation. 

Dr. Kelly has devised an orthograpliic projcctioa 
founded on the fiuxional analogies of spheric triangles, 
which is published in his Introduction to Spherics and 
Nautical Astronomy, where an Investigation of its princi¬ 
ples is given (pa* 195* edit. 2, 3, and 4), with a demon¬ 
stration, showing that, it) proper altitudes, it cannot es¬ 
sentially err, but must give the true distance within a few 
seconds* The simplicity of this projection is extremely 
curious, as giving an approximale solution of a complicated 
problem, by drawing four right lines only, from the scale 
of chords, and it must therefore be very useful, especially 
where expedition is required* 

Since the first appearance of this projection, which was 
in 1795, several matlicmaticians have turned their at¬ 
tention to the subject, and various ingenious plans have 
been proposed for shortening and simplifying the opera¬ 
tion, among which may be mentioned a lioitJa by Mr.B. 
Dmme‘ of Brislol, which solves the problem with great 
accuracy. 


The following is an abstract of Kelly's Projection, in- 
scricdlicrc by pcrmisxion of the author* 

Exam. 1 . Cfiven the apparent distance between the 
moon, and thb sun, or a star - - - 30^ 

'i'hc moon’s altitude - • - - 30 

The star 5 altitude • - - - - . 40 

The mcM>n's horizontal parallax - - . I 

To find the true distance* 



With the sweep of from a scale of chords, describe a 
semicircle, and bisect it by tbc perpendicular XB. On the 
right hand side of this line, from B to c, lay off 30^, the 
apparent distance, fropi the same scale. Also the moon’s 
altitude, 20^, from e to a, and from r to b; and draw o5* 
Then lay off the sun’s co-altitudc, 50^, both ways from c 
to m and n, and draw mn, intersecting ub in n.-*-Then is* 
D(T the mean correction, to be measured on the scale of 
chords, calling every degree on the scale a minute; which 
must be reduced to the true correction by the following 
general rule: first observing that if this line D falls on 
the right-hand side, as in fig. 1, the correction is negative 
or subtractive; but if on the left, as in fig. 2, the correc¬ 
tion is .positive or additive. 

UutE* Multiply the mean correction, D((, by the 
given horizontal paralla.x, and divide the product by 62 
when the correction is subtractive, but by 53 when it is 
additive. Then the quotient will be tbc true correction. 
Thus, in the first ease i> d measures 4.1}, or 4l' 15", and 
being subtractive, it is multiplied by 60 \ and divided by 
62, which gives the true correction 39' 35", being only one 
second more than by calculation; lienee the true dutance 
is 29® 20' 

Eiamp. 2. Given the apparent distance 30^ 

The moon's altitude 40 

The sun or star's altitude 20 , 

The moon's horizontal parallax *1 
To find the trufe distance. 

Describe the semicircle as before (or a greater arc to n 
if wanted, as in fig. 2), and lay off the apparent distance 
BC = 30^* Make Eaand rb s= 40^ the moon's altitude, 
and draw Lay off the star’s co-altitude 70®, frotp c 
to m and n, and drawn mn. Then is d d tbc mean cor¬ 
rection, which here measures 24' 10"; and being muItH 
plied by 60, and divided by 53, it gives 27' 21" for the 
true correction, being only 3" more than the result by cal¬ 
culation; and the correction being additive, it gives. 
30^ 27' 21" for the true distance. 

Tliis projection will appear still more simple by draw¬ 
ing the triangle only, and laying off the altitudes from tb^ 
line of sines. Thus, in fig. I, project the angle bac = 30 , 
and make a d = sine of 20®, also a ♦ = 40®. Then per¬ 
pendicular linos from ([ and 4^ will rawt in p as before* 

From the foregoing projection, the following general 
rules arc obvious, for estimating the correction of a lunar 
observation without any operation.—1. When the moon is 
lower than the star, the correction is always subtractive; 
but when it is the higher body, beyond a certain extent. 
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find within a certain limit as to distance^ the correction is 
additive*—2. When the sine of the moon's altitude is to 
that of the star’s, as r$diu$ is to the cosine of thcdjstance> 
then the true and a|)|)arcnt distances are nearly equal: 
but >Yhen the moon's altitude is greater than the star's, 
beyond that proportion, the correction is additive; except 
when the distance j$ about 90^, or more, and thi n it is 
subtractive.—3. 'Fhough the correction additive doi^ not 
occur so frequently as the subtractive, nor is it in general 
» great, yel it admits of a wider variation, being sometimes 
above 1^; but the subtractive correction is never quite so 
much. I 

The author of this construction further observes that, 

In solving the lunar problem by this projection, a slate 
will perhaps be found more convenient than paper; and a 
large scale of chotds is, of course, preferable to a small 
one.—That, in the foregoing examples, round numbers 
have been chosen for the sake of simplicity ; but frac¬ 
tional quantities might have been adopted with equal ac¬ 
curacy. It is not however presumed that the results of all 
lunar problems will be alike correct bv this method, but 
they will be found seldom to vary above half a minurc 
from the ttue distance; which cannot be deemed of 
much importance,when it is considered that greater inac¬ 
curacies arc perhaps unavoidable in the observations. It 
is extremely diHicult, for instance, to ascertain within a 
minute tlie true point of contact between the moon and 
the sun or star, 'riieir altitudiS too arc often doubtful, 
on account of the changes of refraction, and the haziness 
of the horizon: to which may be added the imperfection 
of instruments, the incompetency of observers, and even 
the inaccuracy of the lunar tables liiemselves, which have 
been hitherto only in a progrt'ssivc state of iinprovement. 

It is well known that, from various unavoidable causes, 
all ustronomicul computations arc but approximations to 
perfect accuracy; and that in this science difficulties and 
obstructions are much greater at sea than at land. It is 
also allowed, that of all the operations in iioutical astro¬ 
nomy, the lunar problem is the most emburrassing, and 
the mt>st liable to error; and it is likewise agreed that the 
best mode of dimini>hing such uncertainties, is by multi¬ 
plying the observations, and taking a mean of many trials. 
Hence an approximate method, like the present, which 
cannot essentially err, and which is performed with $0 
much expedition, must be highly useful, as aflbrdiiig tlio 
most time fur repeating the observations. Even where no 
such repetitions are required, this projection may be ad¬ 
vantageously used as a substitute for troublesome compu- 
tatrons, particularly in the common course of nautical 
practice. It may indeed be observed, that the mon* ur¬ 
gent duties of seamen seldom allow them sufficient leisure 
for tedious numerical operations* Besides, it seems rather 
a vain pursuit to sacrifice so much time in search of u few 
seconds, where there arc probably errors of whole minutes 
in the data. It may even be observed, that long and la¬ 
borious calculations contain within themsidvcs many 
..sources of error, to which projection is not exposed/^ 

LuKAit Months is either periodical, synodical, or illu- 
minntivc: which see; also Month* 

Lunar YcaVf consists of 354 days, or VS synodical 
months,'of days each. See Yeah* In the early 
ages, the lunar year was used by all nations; the variety 
of course being more freqOent and conspicuous in this 
planet, and consequently better known to men, than those 
of any other* The Romans regulotcd their ycar^ Jo part, 
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by tbe moon, fven (ill the time of Julius Cxsar. the 
Jew. too had their lunar month and year. 

Lunar Dr,/, Ec/ip^e. Horoscope, mui Rainbow. Seethe 
several YubsUinlives. 

luna tion, the period or time between one new moon 
and anothi r; it is also called (he .ynodiral month, consist- 
ir>gof29 «la)s I2his. 44 m. 3 see. 11 thirds; exceeding 
the periodical month by 2 ds. 5 hrs. 0 m. 55 sec. 

LUNE, or Lunula, or little moon, is a geometrical 
hgure.m form of a crescent, terminated by the arcsofttvo 
Circles that iiitcrseci each other within. 

Though the quadrature of the whole circle has never been 
effected, yet many of its parts have been squared. 'I he first 
of those partial quadratures was that of the lunula, given 
y iippocrates of Scion, or Chios; who, from being a ship¬ 
wrecked merchant, commenced geometrician. But thoueh 
the quadrature of the hinc be generally ascribed to Ilm- 
pocrates, yel Proclus expressly says it was found out by 
Oenopidasof the same place. See lleinius in Mem. dc 
1 AcHd. dc Berlin, tom. ii* pa. 410, where he gives a disscr- 
Ution concerning this Ocnopidas. See alsoCiucLE, and 
Quadrature. 

The lune of Hippocrates is this: Let abc be a semi¬ 
circle, having its centre e, and a dc a quadrant, having its 
centre F; then the figure abcda, cuiitnincd between the 
arcs of the semicircle and ijuadrant, is his lune ; and it is 
equal to the right-angled triangle acf, as is thus easily 
proved. Since a K* = 2 a F.’, that is, the square of the ra¬ 
dius of the quadrant equal to double the square of the 
radius of the semicircle; therefore the quadrantal area 
ADCFA is s= the semicircle adcea; from each of these take 
away the common space adcea, and there remains the 
triangle acp = the lune abcda. 



Another property of this lune is, that if fo be any line 
drawn from the pniiU r, and All perpendicular to it; then 
is the intercepted part of the lune aoia = the triangle 
AOii, cut off by the cboni line ao; or in general, thatlhc 
small segment akoa is equal to the irilincal aiiia. Eor, 
the angle ajo being at the centre of the one circle, and at 
the circumference of the other, the arcs cut off ao, ai 
are similar to the wholes abc, adc; therefore the small 
scg. AKOA is to the scmiscginenlAin, as the whole semi¬ 
circle abca, to the semisegmenl or quadrant adcf, that 
is in a ratio of equality. 

Again, if adc (fig. 2) be a triangle, right-angled at c,, 
and if semicircles be de^ribed on the three sides as dia¬ 
meters ; then the triangle t (abc) is equal to the sum of 
the two luiics L I, e 2. Tor, the greatest scmicirqle is equal- 
to the sum of both the other two; from the greatest semi¬ 
circle take nway the segments s 1 and s2, and there remains 
the triangle t; also from the two less semicircles take away’ 
Iho.same two segments si and s2, and there remains the 
two lunus Ll and l2 ; therefore the triangle t s l1 l 2,. 
the two hines. 

LUNETTE, in Fortification, an invelopod counterguard; 
or mound of cortb, made beyond the second ditch, oppo- 
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bite to the place of arms; differing from llie ravelins only and could quolc whole passages from the monkish writer* 
in ihcirsituation. Lunettes are usuallymade in wet ditches, verbatim. He could read L^tio and French with rase, 
.and serve the ‘■aine purpose as faussc-brays, to defend the btft wrote the former indiffercnlly^llc was appoiated by 
passage of the ditch. the Board of Lrmgitudc to Mil with Capt. Phipps, jq Lis 

LLTL'S,/At fLo//,a southern cdnsU'llution, joined to the voyage towards the north pole, in 1773, as astronomical 
Centaur, containing together 19 stars in Ptolemy’s cata- obsersator; which office he discharged much to the satii> 
lo-'Ue, biil 24 in the Britannic catalogue. faclibn of his employers. After his return from thu voyage, 

'lynx, a constellation of the northern hemisphere, he married, and settled in London, where be died of the 
composed by llcvclius out of the unformed stars. In his inearlcs about two years after. 

catalogue it consists of 1.9 stars, but in the Britannic of 44-. At the time of hii death he was engaged in preparing 
LYONS (Israkl). a respectable mathematician and for the press, a complete edition of all the works of the 
botanist, was the sott of a Polish Jew silversmith, and learned Dr. Halley; a work very much wanted.—His 
teacher of Hebrew at Cambridge in England, where he had Calculations in Spherical Trigonometry abridged, wem 
come to settle, and where young Lyons was born, 1739- printed in the Philos. Trans, vol. 65, for. the year 1775, 
He was a very extraordinary young man for parts and pa. 4-70.—After his death, his name appeared in the litle- 
irmenuity; ami showed very early in life a great inclina- page of A Geographical Dictionary, the astronomical 
lion to learning, particularly malheinatics, <m which ac- parts of which were said to be “ taken from the papen of 
count he was much patronized by Dr. Smith, master of the late Mr. Israel Lyons of Cambridge, author of several 
Trinity-college. About 1755 he began to study botany, valuable mathematical productions, and astronomer in 
which he continued occasionally till his death; in which Lord Mulgravc’s voyage to the northern hemisphere.'— 
he made a c/rnsiderablc progress, and could remember not I ho astronomical and other mathematical calculations, 
only the Linutean names of almost all the English plants, printed in the account of Captain Phipps’s voyage towards 
but even the synonyma of the old botanists; and he hod the north pole, incnlioncd above, were made by Mr,Lyons, 
prepared large materials for a Flora Caiitubrigiensis, de* This appeared afterwards, by the acknowledgment of 
8 cvibiii<» fully every pail of cacli )>laiil from the spccimcu, Captain Phipps^ when Dr, Horsley detected a matenal 
without obliged to consult,or being liable to be milled error in some part of thcnit in hi% Remarks on the Obscr* 
by, former authors. vblions made in the late Voyage, &c, 1774. 

In 1758, he obtained much celebrity by publishing A The Scholar's Instructor, or Hebrew Grammar, by 
Treatise on Fluxions, dedicated to his patron, Dr. Smith ; Israel Lyons, teacher of the Hebrew tongue in the uni- 
andin 1/63, FasciculusPlantaruincircaCantabrigiam,&c. versity of Cambridge, the 2d edit. &c, 1757» 8vo, was the 
In the same year, or the year before, he read lectures on production of his father; as was also another l^Uic 
bolauy at Oxford with great ajiplausc, to at least 60 pu* printed at the Cambridge press, under the title of Obscr- 
pils; but he could not be prevailed ou to make a long ab- valions and Enquiries relating to various parts of Scnphirc 

scncc from Cambridge. History, 1761. ii • • u ,v, i, • 

Mr. Lyons was some time employed as one of the com- LYKA, the Harp, a conslollaUon in the northern hcjpi- 

puters of the Nautical Almanac; besides which, he re- sphere; containing 10 stars in Ptolcm/i catalogue, 11 m 
ceived frequent presents from the Board of Longitude for Tycho's, 17 in HcTclius s, and 21 »n the Britannic cala- 
his own inventions.—He had studied the English history; logue. 


ADDENDUM. 

After line 17, col. 2, page 341, on the nature of comets, addDr. Herschcl, in several volumes of the Philos, 
Trans, slates his opinions of the nature and constitution of comets. His hypothesis is, that they ore formed of the 
condensed nebulous matter diffused through the universal space, and lying witbtil the sphere of tM suns activilyi 
which thus gives them a revolutionary motion in an elliptic orbit. Of the tame opinion also is Count Laplace, as 
appears by u learned memoir on the subject, in the Connoissance dcs Temps for the year 1816. 



ERRATA. 

P*. 13S, col. 9, end of line 6 from the boltom, for «*, retd 9Itt 

— 969, — 1 , liu. 94 , 9S, for Chichester, reul Cbmter. 

4B0, —• 9, end of line 9S, for U, retd ll. 

_ 484 , I, line go, for pUte vUI, md plite x. • 

— 484, — 9, line 6, for k, retd a. 

— 698, — l> line 36, for 4, retd ^ 
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